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! The design, engineering and other information contained in this document have been
prepared by or for Combustion Engineering, Inc. in connection with its application to the

! United States Nuclear Regulatory Commission (US NRC) for design certification of the
System 80+* nuclear plant design pursuant to Title 10, Code of Federal Regulations
Part 52. No use of any such information is authorized by Combustion Engineering, Inc.
except for use by the US NRC and its contractors in connection with review and
approval of such application. Combustion Engineering, Inc. hereby disclaims all
responsibility and liability in connection v'5 unauthorized use of such information.

Neither Combustion Engineering, Inc. nor any other person or entity makes any warranty
or representation to any person or entity (other than the US NRC in connection with its
review of Combustion Engineering's application) concerning such inforrnation or its use,
except to the extent an express warranty is made by Combustion Engineering, Inc. to
its customer in a written contract for the sale of the goods or services described in this
document. Potential users are hereby warned that any such information may be
unsuitable for use except in connection with the performance of such a written contract
by Combustion Engineering, Inc.

Such information or its use are subject to copyright, patent, trademark or other rights
of Combustion Engineering, Inc. or of others, and no license is granted with respect to
such rights, except that the US NRC is authorized to make such copies as are
necessary for the use of the US NRC and its contractors in connection with the
Combustion Engineering, Inc. application for design certification.

Publication, distribution or sale of this document does not constitute the performance of
engineering or other professional services and does not create or establish any duty of
care towards any recipient (other than the US NRC in connection with its review of
Combustion Engineering's application) or towards any person affected by this document.
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This chapter documents the tecHeal resolution for all Unresolved Safety Issues (USIs) and Medium- and
High-Priority Generic Safety issues (GSIs) that are relevant to the System 80+= m Standard Design

- as required by 10 CFR Part 52.47 for Design Certification. |

After the System 80+ applicable issues were identified, a methodology for the documentation of the
technical resolution of each issue was developed. Each applicable issue is comprised of three sections:
ISSUE, ACCEPTANCE CRITERIA, and RESOLUTION. A fourth section, REFERENCES is provided
where appropriate. The ISSUE statement section consists of a brief summary description of the safety
issue. This is followed by the ACCEPTANCE CRITERIA section. These criteria are taken from
NUREG-0933 in most cases, and, in the absence of a formal NRC resolution, developed from accepted
industry codes, guidelines, standards and/or good engineering practice. The RESOLUTION section
contains the technical resolution of the safety issue which is based upon the System 80+ Standard Design
as described in this report or other pertinent documentation as listed in the REFERENCES section. This |
structure is intended to establish a clear and concise technical resolution for each safety issue. !

|

20.1 . NRC List of Unresolved Safety Issues and Generic Safety Issues j

Unresolved and Generic Safety Issues were evaluated for their applicability to the System 80+ Standard ;

Design based on the review of NRC and industry documentation (e.g., NUREG-0933 "A Prioritization !
'

Of Unresolved and Generic Safety Issues" and NUREG-1197, " Advanced Light Water Reactor Program,
i

Management Review Methodology"). Section (a)(1)(iv) of 10 CFR 52.47 requires technical resolutions
of those USIs and medium- and high-priority GSis identified in the version of NUREG4933, current on )

O the date six months prior to application and that are technically relevant to the design. All USIs and GSIs |i

identified through Supplement 15 of NUREG-0933, issued in April 1993, were reviewed in accordance |

with the guidance of NUREG-0933. |

All USIs and GSis that have been reviewed are listed in Table 20.1-1; the results of the review are ,

presented for each issue as either Category 1 (not relevant) or Category 2 (relevant to the System 80+ |
Standard Design).

Issues were eliminated as not relevant to the System 80+ Standard Design if it met one or more of the j
following criteria:

f

The issue is prioritized in NUREG-0933 as DROPPED or LOW, or the issue has not yet been*

prioritized. (Category la) j

I
The issue is specific to another design (e.g., General Electric BWR, Westinghouse, Babcock and*

Wilcox). (Category Ib) ;

'

o The NRC identified the issue as resolved with no new requirements and no references to old
requirements. (Category Ic)

The NRC identified the issue as either an operational, environmental, licensing, or NRC internal je
issue. (Category Id) ;

i

O '

I-
:

System 80+ is a trademark of Combustion Engineermg, Inc.
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The issue has been superseded by one or more USIs and GSIs. (Category le)*

The issue was classified as a DROP issue in the EPRI Regulatory Stabilization Program (see*

NUREG-1197). (Category if)

* The issue was classified as NOT APPLICABLE in the EPRI Regulatory Stabilization Program
(see NUREG-1197). (Category Ig)

Some Unresolved and Generic Safety Issues described in NUREG-0933 include a cross-reference to other
issues which address related concerns. Table 20.1-1 identifies the cross-references among issues relevant

to the System 80+ Standard Design. Table 20.1-1 also identifies the following types of issues: Generic
Safety Issues (GSIs), Unresolved Safety Issues (USIs), Licensing Issues (LIs), Regulatory Issues (RIs),

and Three Mile Island (TMI) issues.

Table 20.1-1 Listing of Unresolved Safety Issues and Generic Safety Issues

Number Title Type Category

1 Failures in Air-Monitoring, Air Cleaning, and Ventilation GSI/LI la
Systems

2 Failure of Protective Devices On Essential Equipment GSI la

3 Setpoint Drift in Instrumentation GSI 2

4 Endef-Life Maintenance Criteria GSI Id

5 Design Check and Audit of Balance of Plant Equipment GSI le

6 Separation of Control Rod from its Drive and BWR High Rod GSI lb
Worth Events

7 Failures Due to Flow-Induced Vibrations GSI If

8 Inadvertent Actuation of Safety injection in PWRs GSI le

9 Re-Evaluation of Reactor Coolant Pump Trip Criteria GSI le

10 Surveillance and Maintenance of Tip Isolation Valves and Squib GSI Ig
Charges

11 Turbine Disc Cracking GSI le

12 BWR Jet Pump Integrity GSI lb
13 Small Break LOCA from Extended Overheating of Pressunzer GSI If

Heaters

14 PWR Pipe Cracks GSI 2

15 Radiation Effects On Reactor Vessel Supports USI 2

16 BWR Main Steam Isolation Valve leakage Control Systems GSI If

17 less of Offsite Power Subsequent to a LOCA GSI If

18 Steam Line Break with Consequential Small LOCA GSI le

19 Safety implications of Non-Safety Instrument and Control Power GSI le
Supply Bus 4

20 Effects of Electromagnetic Pulse On Nuclear Plant Systems GS1 Ic

21 Vibration Qualification of Equipment GSI If

22 Inadvertent Bomn Dilution Events GSI 2

23 Reactor Coolant Pump Seal Failures GSI 2

24 Automatic Emergency Core Cooling System Switchover to GSI 2

Recirculation
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|

Table 20.1-1 Listing of Unresolved Safety Issues and Generic Safety Issues (Cont'd.)

Number Title Type Category

25 Automatic Air Header Dump On BWR Scram Sistem GSI lb
|

26 Diesel Generator Imading Problems Related to SIS Reset On Loss GSI le

of Offsite Power

27 Manual Versus Autonuted Actions GSI le

28 Pressurized Thermal Shock GSI le

29 Bolting Degradation or Failures in P ; lear Power Plants GSI 2

30 Potential Generator Missiles - G erator Rotor Retaining Rings GSI If

31 Natural Circulation Cooldown GSI le

32 Flow Blockage in Essential Equipment Caused by Corbicula GSI le

33 Correcting Atmospheric Dump Valve Opemng Upon less of GSI le

Integrated Control System Power

34 Reactor Coolant System leak GSI If

35 Degradation of Internal Appurtenances in LWRs GSI la

36 loss of Service Water [Ref; USI A-45] GSI 2

37 Steam Generator Overfill & Combined Primary & Secondary GSI le
Blowdown

38 Potential Recirculation Failure as a Consequence of Ingestion of GSI lb
Containment Paint or Other Fine Debris

39 Potential for Unacceptable Interaction Between the CRD System GSI lb |

& Non-Essential Control Air System (BWR) !
\

40 Safety Concerns Associated with Breaks in the BWR SCRAM GSI lb
System j

41 BWR SCRAM Discharge Volume Systems GSI lb

42 Combination Primary & Secondary System LOCA GSI le |

43 Reliability of Air Systems GSI 2

44 Failure of Salt Water Cooling System GSI la )'

45 Inoperability of Instmmentation Due to Extreme Cold Weather GSI 2
]

46 less of 125 VDC Bus GSI le ;

47 Loss of Offsite Power GSI le

48 LCO for Class IE Vital Instrument Buses in Operating Reactors GSI 2

[Ref; GSI-128] ,

49 Interlocks and LCOs for Redundant Class IE Tie Breakers [Ref; GSI 2 )
GSI-128]

50 Reactor Vessel level Instrumentation in BWRs GSI lb

51 Proposed Requirements for Improving Reliability of Open Cycle GSI 2

Service Water Systems

52 SSW Flow Blockage by Blue Mussels GSI le

53 Consequences of a Postulated Blockage Incident in a BWR GSI If

() 54 Valve Operator Related Events Occurring During '78, '79,80 GSI le

55 Failure of Class IE Safety Related Switchgear Circuit Breakers to GSI If

Close On Demand
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Table 20.1-1 Listing of Unresolved Safety Issues and Generic Safety Issues (Cont'd.) h
/,

Number Title Type Category |

56 Abnormal Transient Operating Guidelines as Applied to a Steam GSI le )
i

Generator Overfill Event
l

57 Effects of Fire Protection System Actuation On Safety Related GSI 2 |
'

Equipment

58 Inadvertent Containment Flooding GSI If |

59 Technical S;a,'fication Requirements for Plant Shutdown When GSI/RI Id

Equipment for Safe Shutdown is Degraded or inoperable

60 Lamellar Tearing of Reactor Systems Structural Supports GSI le

61 SRV Line Break inside the BWR Wetwell Airspace of Mark I GSI lb
& 11 Containment

62 Reactor Systems Bolting Applications GSI le

63 Use of Equipment Not Classified as Essential to Safety in BWR GSI lb
Transient Analysis

,

64 Identification of Protection System Instrument Sensing lines GSI 2

65 Probability of Core Melt Due to Component Cooling Water GSI le

System Failures

66 Steam Generator Requirements [Ref: USI A-4] GSI 2

67.2.1 Steam Generator Staff Actions-Integrity of Steam Generator Tube GSI/RI Id

Sleeves

67.3.1 Steam Generator Staff Actions--Steam Generator Overfill GSI le

67.3.2 Steam Generator Staff Actions-Pressurized Thermal Shock GSI le

67.3.3 Steam Genen. tor Staff Actions-Improved Accident Monitoring GSI/L1 2

67.3.4 Steam Generator Staff Actions-Reactor Vessel Inventory GSI le
,

Measurement

67.4.1 Steam Generator Staff Actions--Reactor Coolant Pump Trip GSI le

67.4.2 Steam Generator Staff Actions-Control Room Design Review GSI le

67.4.3 Steam Generator Staff Actions-Emergency Operating Procedures GSI le

67.5.1 Steam Generator Staff Actions-Reassessment of Radiological GSI/L1 Id
Consequences

67.5.2 Steam Generator Staff Actions-Reevaluation of Design Basis GSI/LI Id

67.5.3 Steam Generator Staff Actions--Secondary System Isolation GSI If

67.6.0 Steam Generator Staff Actions--Organizational Responses GSI le

67.7.0 Steam Generator Staff Actions-improved Eddy Current Tests GSI le

67.8.0 Steam Generator Staff Actions-Denting Criteria GSI/RI Id

67.9.0 Steam Generator Staff Actions-Reactor Coolant System Pressure GSI le
Control

67.10.0 * team Generator Staff Actions-Supplemental Tube Inspections GSI/LI Id,

68 Postulated Loss of AFWS Resulting from Turbine Driven AFW GSI le
Pump Steam Supply Line Rupture

69 Make-Up Nozzle Cracking in B&W Plants GS! 15

70 PORV and Block Valve Reliability GSI 2

Agnprovost Desiger Meterial c Resonsthm of Safety issues Page 20.14
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ip) Table 20.1-1 Listing of Unresolved Safety Issues and Generic Safety Issues (Cont'd.)

Number Title Type Category

71 Failure of Resin Demineralizer Systems and Their Effect On GSI la
Nuclear Power Plant Safety

72 Control Rpd Drive Guide Tube Support Pin Failures GSI la

73 Detached fnermal Sleryes GSI If j

74 Reactor Coolant Activity Limit for Operating Reactors GSI la l
l

75 Generic implications of ATWS Events at the Salem Nuclear Plant GSI 2 )

[Ref: USI A-9] |

76 Instmmentation and Control Power Interactions GSI la

77 Flooding of Safety Equipment Compartments by Backflow GSI le
Through Floor Drains :

78 Monitoring of Fatigue Transient Limits for Reactor Coolant GSI 2 |
System )

79 Unanalyzed Reactor Vessel Thermal Stress During Natural GSI 2 i
iConvection Cooldown [Ref; USI A-44]

80 Pipe Break Effects On CRD Hydraulics in the Drywells of BWR GSI lb
MK I & II Containments

81 Impact of Locked Doors & Barriers On Plant and Personal Safety GSI If

82 Beyond Design Bases Accidents in Spent Fuel Pools GSI 2g
i [Ref: USI A-36] ;

83 Control Room liabitability GSI 2

84 C-E PORVs GSI la

~ 85 Reliability of Vacuum Breakers Connected to Steam Discharge GSI lb
Lines Inside BWR Containments

86 Long Range Plan for Dealing with SCC In BWR Piping OSI lb

87 Failure of 11PCI Steam Line without Isolation (In BWRs) GSI 2
|
'

88 Lathquakes and Emergency Planning GSI Ig

89 Stiff Pipe Clamps GSI If i

90 Technical Specifications for Anticipatory Trips GSI Ig !

|91 Main Crankshaft Failure in TransAmerica Delaval Emergency GSI le
Diesel Generators j

92 Fuel Crumbling During LOCA GSI la

93 Steam Binding of Auxiliary Feedwater Pumps GSI 2 j

94 Additional LTOP for Light Water Reactors [Ref: USI A-26] GSI 2

j95 less of Effective Volume for Contamment Recirculation Spray GSI lb
96 RiiR Suction Valve Testing GSI lb ]
97 PWR Reactor Cavity Uncontrolled Exposure GSI le j

98 CRD Accumulator Check Valve Leakage (In BWRs) GSI lb
99 RCS/R11R Suction Line interlock On PWRs GSI 2

|

( ) 100 OTSG Level (B&W) GSI lb
101 BWR Water Level Redundancy GSI lb

I

Approwd Desipor Motoriel Resokitas of Safety issues Page 20.15
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Table 20.1-1 Listing of Unresolved Safety Issues and Generic Safety Issues (Cont'd.) h
Number Title Type Category

102 Human Error in Events involving Wrong Unit or Wrong Train GSI le

103 Design for Probable Maximum Precipitation GSI 2

104 Reduction of Boron Dilution Requirement GSI/RI id

105 Interfacing Systems LOCA at LWRs GSI 2

106 Piping and Use of Highly Combustible Gases in Vital Areas (Fire GSI 2

Protection)

107 Main Transformer Failures GSI la

108 BWR Suppression Pool Temperature Limits GSI/RI lb

109 Reactor Vessel Closure Failure GSI lb

110 Equipment Protection Devices On Engineered Safety Features GSI lb

111 SCC of Pressure Boundary Ferritic Steels in Selected GSI/LI Id

Environments

112 Westinghouse RPS Surveillance Frequencies & Out-of-Service GSI/RI lb
Times

113 Dynamic Qualification Testing of Large Bore Hydrauhc Snubbers GSI 2

114 Seismic Induced Relay Chatter GSI le

115 Enhancement of the Reliability of the Westinghouse SSPS GSI lb

(ATWS)

116 Accident Management GSI la

l17 Allowable Outage Times for Diverse Simultaneous Equipment GSI la
Outages

118 Tendon Anchorage Failure GSI 2

119.1 Piping Rupture Requirements and Decoupling of Seismic and GSI/RI 2

LOCA Imads

119.2 Piping Damping Values GSI/RI 2

119.3 Decoupling the OBE from the SSE GSI/RI 2

119.4 BWR Piping Materials GSI/R1 lb

119.5 Leak Detection Requirements GSI/RI 2

120 On-Line Testability of Protection Systems GSI 2

121 Hydrogen Control for Large. Dry PWR Contamments GSI 2

122.la Failure of isolation Valves in Closed Positions GSI le

122.lb Recovery of Auxiliary Feedwater GSI le

122.lc Interruption of Auxiliary Feedwater Flow GSI le

122.2 Initiating Feed and Bleed [Ref; USl A-45] GSI 2

122.3 Physical Security System Constraints GSI la

123 Deficiencies in the Regulations Governing DBA and Single GSI la
Failure Criteria - Davis Besse Event

124 Auxiliary Feedwater System Reliability GSI 2

125.1.1 Availability of the Shift Technical Advisor GSI la

Approved Design Materia! Resolution of Safetyissues Page 20.1-6
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(j Table 20.1-1 Listing of Unresolved Safety Issues and Generic Safety Issues (Cont'd.)

Number Title Type Category

125.I.2.a PORV Reliability--Need for a Test Program to Establish GSI le
Reliability of the PORV

125.I.2.b PORV Reliability-Need for PORY Surveillance Tests to Confirm GSI le
Operational Readiness

125.1.2.c PORV Reliability-Auto Block Valve Closure GSI If

125.I.2.d PORV Reliability--Capability of the PORV to Support Feed & GSI le
Bleed

125.1.3 SPDS Availability [Ref; GSI/TMI I.D.2) GSI 2

125.I.4 Plant Specific Simulator GSI la

125.I.5 Safety System Tested in All Conditions Required by Design Basis GSI la
Analysis

125.I.6 Valve Torque Limit and Bypass Switch Settings GSI la

125.1.7.a Recover Failed Equipment GSI la

* 125.1.7.b Realistic Hands On Training GSI la

125.1.8 Procedures and Staffing for Reporting to NRC Emergency GSI la
Response Center

125.II.I.a Two-Train AFW Unavailability GSI la

/~N 125.II. I .b Review Existing AFWS for Single Failure GSI le

125.II. l.c NUREG-0737 Reliability Improvements GSI la )
125.II. I .d AFW Steam & Feedwater Rupture Control System /ICS GSI la |

Interactions in B&W Plants

125.11.2 Adequacy of Existing Maintenance Requirements for Safety GSI la
Related Systems )

125.11.3 Review Steam / Feed Line Break Mitigation Systems for Single GSI la
Failure

125.11.4 Thermal Stress of OTSG Components (B&W) GSI lb

125.11.5 Thermal-Hydraulic Effects of loss and Restoration of Feedwater GSI la j
on Primary System Components

125.11.6 Reexamine PRA Estimates of Core Damage Risk from less of all GSI la
Feedwater

125.11.7 Reevaluate Provision to Automatically Isolate Feedwater from GSI 2

Steam Generator During Line Break

125.11.8 Reassess Criteria for Feed & Bleed Initiation GSI la

125.11.9 Enhanced Feed & Bleed Capability GSI le

125.11.10 Hierarchy of Impromptu Operator Actions GSI la

125.11.11 Recovery of Main Feedwater as an Alternative to AFW GSI la

125.11.12 Adequacy of Training Regarding PORV Operation GSI Id

125.11.13 Operator Job Aids GSI la

,Q 125.11.14 Remote Operation of Equipment Which Must Now Be Operated GSI la
V locally

126 Reliability of PWR Main Steam Safety Valves GSI/LI Id

Approved Design Meterial Reschsten of Safety ksues Page 20.17
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Table 20.1-1 Listing of Unresolved Safety Issues and Generic Safety Issues (Cont'd.) h
Number Title Type Category

127 Maintenance and Testing of Manual Valves In Safety Related GSI la

Systems

128 Electrical Power Reliability [Ref; GSI 48,49] GSI 2

129 Valve laterlocks to Prevent Vessel Drainage During Shutdown GSI le

Cooling

130 Essential Service Water Pump Failures at Multiplant Sites [Ref; GSI 2

USI A-45]
~

131 Potential Seismic Interaction involving the Movable Incore Flux GSI lb
Mapping System in Westinghouse-Designed Plants

132 RHR Pumps inside Contamment GSI la

133 Update Policy Statement On Nuclear Plant Staff Working Hour GSI/LI Id

134 Rule on Degree and Experience Requirement GSI id

135 Steam Generator and Steam Line Overfill GSI 2

136 Storage and Use of Large Quantities of Cryogenic Combustibles GSI/LI Id

On Site

137 Refueling Cavity Seal Failure GSI la

138 Deinerting of BWR Mark I & 11 Containments During Power GSI lb
Operation Upon Discovery of RCS Leakage or a Train of a Safety
System Inoperable

139 Thinning of Carbon Steel Piping in LWRs GSI lb

140 Fission Product Removal Systems GSI lb

141 Large Break LOCA with Consequential SGTR GSI la

142 Leakage Through Electrical isolators in Instrumentation Circuits GSI 2

143 Avatlability of Chilled Water Systems and Room Cooling GSI 2

144 SCRAM Without a Turbine / Generator Trip GSI la

145 Actions to Reduce Common Cause Failures GSI lb

153 Loss of Essential Service Water in LWRs GSI 2

155.1 More Realistic Source Term Assumptions GSI 2

A-1 Water llanuner USI 2

A-2 Asymmetric Blowdown Loads On Reactor Primary Coolant USl 2

Systems

A-3 Westinghouse Steam Generator Tube Integrity USl Ib

A-4 C-E Steam Generator Tube Integrity USI 2

A-5 B&W Steam Generator Tube Integrity USI lb

A-6 Mark i Shon-Term Program USI lb

A-7 Mark I long-Term Program US! lb

A-8 Mark 11 Containment Pool Dynamic leads-1.ong Term Program USI lb

A9 Anticipated Transients Without Scram (ATWS) USI 2

A 10 BWR Feedwater Nozzle Cracking USI lb

A-ll Reactor Vessel Material Toughness US! lb

Alvvoved Design historial Reschstion of Safety issues Page 20.1-8
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Table 20.1-1 Listing of Unresolved Safety Issues and Generic Safety Issues (Cont'd.) ;

! !

Nussber Title Type Category |

A-12 - Fracture Toughness of Steam Generator & RCP Supports USI 2 |

. A-13 - Snubber Operability Assurance GSI 2 |,

A-14 - Flaw Detection GSI If ;

A 15. Primary Coolant System Decontanunation and Steam Generator GSI le
Chemical Cleaning |

A-16 Steam Effects of BWR Core Spray Distribution GSI . Ib |
A-17 Systems Interactions in Nuclear Power Plants USI 2

'

A 18 Pipe Rupture Design Criteria . GSI If

A 19 Digital Computer Protection System GSI Id (-

*

A-20 Impacts of the Coal Fuel Cycle GSI Id

A-21 Main Steamline Break Inside Contamment-Evaluation of GSI la :

Environmental Conditions for Equipment Qualification

A 22 PWR Main Steamline Break-Core, Reactor Vessel and GSI If-

Contamment Building Response

A-23 Contamment Leak Testing GSI/RI Id

A 24 Qualification of Class IE Safety Related Equipment USI 2

A-25 Non-Safety Loads On Class IE Power Sources GSI 2

( A-26 Reactor Vessel Pressure Transient Protection USI 2
~

A-27 Reload App!ications GSI/LI Id

A-28 Increase in Spent Fuel Pool Storage Capacity GSI Ic
_

A-29 Nuclear Power Plant Design for the Reduction of Vulnerability to GSI 2

ladustrial Sabotage

f A 30 Adequacy of Safety Related DC Power Supplies GSI 2
' [Ref; GSI/TMI II.E.1.1]

A 31 RHR Shutdown Requirements USI 2
,

A-32 Missile Effects GSI le<

L A 33 NEPA Review of Accident Risks GSI Id

A-34 Instruments for Monitoring Radiation and Process Variables GSI le !
'

During Accidents

A 35 Adequacy of Offsite Power Systems GSI 2
,

- A 36 Control of Heavy Loads Near Spent Fuel USI 24

A 37 Turbine Missiles GSI If

A-38 Tornado Missiles GSI la*

A-39 Determination of Safety Relief Valve Pool Dynamic Loads and USI lb.

Temperature Limits (in BWRs)

A-40 Seismic Design-Criteria USI 2

A-41 - lang Term Seismic Program GSI Ic

A-42 Pipe Cracks in Boiling Water Reactors USI lb !'

A-43 Contamment Emergency Sump Performance USI 24

A-44 Station Blackout USI 2 - j.

t !
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Table 20.1-1 Listing of Unresolved Safety Issues and Generic Safety Issues (Cont'd.)

Number Title Type Category

A-45 Shutdown Decay Heat Removal Requirements USI 2

[Ref; USI A-44}

A46 Seismic Qualification of Equipment in Operating Plants USI Id

A 47 Safety implications of Control Systems USI 2

A-48 Hydrogen Control, Measures & Effect of Hydrogen Burns On USI le

Safety Equipment

A-49 Pressurized Thermal Shock USI 2

B-1 Environmental Technical Specifications GSI Id

B-2 Forecasting Electricity Demand GSI Ig

B-3 Event Categorization GSI Id

B-4 ECCS Reliability GSI le

B-5 Ductility of Two-Way Slabs & Shells and Buckling Behavior of GSI 2

Steel Containments

B-6 leads, Load Combinations, Stress Limits GSI le

B-7 Secondary Accident Consequence Modeling GSI/L1 Id

B-8 Locking Out of ECCS Power-Operated Valves GSI If

B-9 Electrical Cable Penetrations of Containment GSI Ic

B-10 Behavior of BWR Mark Ill Containments GSI Ib
,,

B-11 Subcompartment Standard Problems GSI/LI 1d

B-12 Containment Cooling Requirements (Non-LOCA) GSI Ic

B-13 Marviken Test Data Evaluations GSI/LI Id

B-14 Study of Hydrogen Mixing Capability in Containment Post-LOCA GSI le

B-15 CONTEMPT Computer Code Maintenance GSI/LI Id

B-16 Protection Against Postulated Piping Failures in Fluid Systems GSI le
Outside Containment

B-17 Criteria for Safety Related Actions GSI 2

B 18 Vortex Suppression Requirements for Containment Sumps GSI le

B-19 Thermal-Hydraulic Stability GSI Ic

B-20 Standard Problem Analysis GSI/L1 Id

B-21 Core Physics GSI/LI Id

B-22 LWR Fuel GSI la

B-23 LMFBR Fuel GSI/L1 Id

B-24 Seismic Qualification of Electrical and Mechanical Components GSI le

B-25 Piping Benchmark Problems GSI/LI Id

B-26 Structural Integrity of Containment Penetrations GSI Ic

B-27 Implementation and Use of Subsection NF GSI/L1 Id

B-28 Radionuclide/ Sediment Transport Program GSI Ig

B-29 Effectiveness of Ultimate Heat Sinks GSI/L1 la

B-30 Design Basis Floods and Probability GSI/L1 Id

Approved Design Material . Resokstion of Safety issues Page 20.1 10
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(n) Table 20.1-1 Listing of Unresolved Safety Issues and Generic Safety Issues (Cont'd.)

Number Title Type Category

B-31 Dam Failure Model GSI/RI ld

B-32 Ice Effects On Safety-Related Water Supplies GSI la

B-33 Dose Assessment Methodology GSI/LI Id

B-34 Occupational Radiation Exposure Reduction GSI le

B-35 Confirmation of Appendix I Models for Calculations of Releases GSI/LI Id
of Radioactive Materials in Gaseous and Liquid Effluents from
LWRs

B-36 Develop Design, Testing, Maintenance Criteria for Atmosphere GSI 2

Cleanup System Air Filtration and Adsorption Units for ESF
Systems and for Normal Ventilation Systems

B-37 Chemical Discharge to Receiving Waters GSI/RI Id 1

B-38 Reconnaissance Level Investigations GSI Ig

B-39 Transmission Lines GSI If

B-40 Effects of Power Plant Entrainment On Plankton GSI If |

B-41 Impact of Fisheries GSI If

B-42 Socioeconomic En ironmentalImpacts GSI Id

B43 Value of Aerial Photographs for Site Evaluation GSI ig )

( B 44 Forecasts of Generating Costs of Coal and Nuclear Plants GSI Ig

B45 Need for Power - Energy Conservation GSI le'

B-46 Costs of Alternatives in Environmental Designs GSI If

B 47 Inservice Inspection Criteria for Suppon of Class 1,2, and 3 and GSI If

MC Components

B-48 BWR CRD Mechanical Failure (Collet Housing) GSI lb

B-49 Inservice Inspection Criteria and Corrosion Prevention Criteria GSI/LI Id
for Containments

B-50 Post-Operating Basis Earthquake Inspection GSI/RI Id

B-51 Assessment of inelastic Analysis Techniques for Equipment and GSI le
Components

B 52 Fuel Assembly Seismic and LOCA Responses GSI le

B-53 Load Break Switch GSI/RI 2

B-54 Ice Condenser Containments GSI lb

B-55 Improved Reliability of Target Rock Safety Relief Valves (in GSI lb
BWRs)

B-56 Diesel (Generator) Reliability GSI 2

B-57 Station Blackout GSI le

B-58 Passive Mechanical Failures GSI Ic

B-59 (N-1) loop Operation in BWRs and PWRs GSI/RI id

A B-60 loose Parts Monitoring System GSI 2

() B-61 Allowable ECCS Equipment Outage Periods GSI 2

Attwovmf Desigrs Meterial.Resoktiors of Safetyissues Page 20.1-11
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Table 20.1-1 Listing of Unresolved Safety Issues and Generic Safety Issues (Cont'd.) h
Number Title Type Category

B-62 Reexamination of Technical Basis for Establishing SLs, LSSSs, GSI/L1 Id
and Reactor Protection System Trip Functions

B-63 Isolation of Low Pressure Systems Connected to the Reactor GSI 2

Coolant Pressure Boundary

B-64 Decommissioning of Reactors GSI Id

B-65 lodine Spiking GSI If

B-66 Control Room Infiltration Measurements GSI 2

B-67 Effluent and Process Monitoring Instrumentation GSI le

B 68 Pump Overspeed During LOCA GSI If

B-69 ECC Leakage Ex-Containment GSI le

B-70 Power Grid Frequency Degradation and Effect of Primary GSI le

Coolant Pumps

B-71 Incident Response GSI le

B-72 Health Effects and Life Shortening from Uranium and Coal Fuel GSI/LI Id

Cycles

B-73 Monitoring for Excessive Vibration inside the Reactor Pressure GSI le
Vessel

C-1 Assurance of Continuous Long-Term Capability of liermetic Seals GSI 2

On Instrumentation and Electrical Equipment

C-2 Study of Containment Depressurization by Inadvertent Spray GSI 2

Operation to Determine Adequacy of Containment External
Design Pressure

C-3 Insulation Usage Within Containment GSI le

C-4 Statistical Methods for ECCS Analysis GSI/RI 2

C-5 Decay lleat Update GSI/R1 2

C-6 LOCA Heat Sources GSI/RI Id

C-7 PWR System Piping GSI Ic

C-8 Main Steam Line Leakage Control Systems (in BWRs) GSI lb

C-9 RifR liest Exchanger Tube Failures GSI If

C-10 Effective Operation of Containment Sprays in a LOCA GSI 2

C-11 Assessment of Failure and Reliability of Pumps and Valves GSI Ic

C-12 Primary System Vibration Assessment GSI 2

C-13 Non-Random Failures GSI le

C-14 Stortn Surge Model for Coastal Sites GSI/LI If

C-15 NUREG Report for Liquid Tank Failure Analysis GSI/LI id

C-16 Assessment of Agricultural Land in Relation to Power Plant Siting GSI Ig
and Cooling System Selection

C-17 Interim Acceptance Criteria for Solidification Agents for GSI id
Radioactive Solid Wastes

D1 Advisability of a Seismic Scram GSI la

D2 Emergency Core Cooling System Capability for Future Plants GSI la

Approved Destyrt Motenet - Mesokrtswr of Safety issues Page 20.1 12
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( Table 20.1-1 Listing of Unresolved Safety Issues and Generic Safety Issues (Cont'd.)

I
Number Title Type Category |

D-3 Contml Rod Drop Accident GSI le |

HF 1.1 Shift Staffing GSI ld |

HF 1.2 Engineering Expertise on Shift GSI Id

HF 1.3 Guidance on Limits and Conditions of Shift Work GSI id

HF 1.3.1 Human Factor Program Plan-Training GSI Id

HF 1.3.2 Human Factors Program Plan-Licensing Examinations GSI Id

HF 1.3.3 Human Factors Program Plan--Procedures-Operating and GSI Id
'

Maintenance i

HF 1.3.5 Human Factors Program Plan-Staffing and Qualifications GSI Id

HF 1.3.6 Human Factors Program Plan-Management and Organization GSI Id
,

HF 1.3.7 Human Factors Program Plan-Human Performance GSI Id

HF 2.1 Evaluate Industry Training GSI Id

HF 2.2 Evaluate INPO Accreditation GSI Id

HF 2.3 Revise SRP Section 13.2 GSI Id

HF 3.1 Develop Job Knowledge Catalog GSI Id

HF 3.2 Develop License Examination Handbook GSI Id

HF 3.3 Develop Criteria for Nuclear Power Plant Simulators GSI Id

5 H F 3.4 Examination Requirements GSI id

HF 3.5 Develop Computerized Exam System GSI Id

HF 4.1 Inspection Procedure for Upgraded Emergency Operating GSI Id
Procedures

HF 4.2 Procedures Generation Package Effectiveness Evaluation GSI Id

.HF 4.3 Criteria for Safety-Related Operator Actions GSI Id

HF 4.4 Guidelines for Upgrading Other Procedures GSI id

HF 4.5 Application of Automation and Artificial Intelligence GSI le

HF 5.1 local Control Stations GSI 2

HF 5.2 Review Criteria for Human Factors Aspects of Advanced Controls GSI 2

and Instrumentation

HF 5.3 Evaluation of Operational Aid Systems GSI Id

HF 5.4 Computers and Computer Displays GSI Id

HF 6.1 Develop Regulatory Position on Management and Organization GSI Id |
'

HF 6.2 Regulatory Position on Management and Org.anization at GSI Id
Operating Reactors

HF 7.1 Human Error Data Acquisition GSI ad

H F 7.2 Hutnan Error Data Storage and Retrieval GSI id

H F 7.3 Reliability Evaluation Specialist Aids GSI id
HF 7.4 Safety Event Analysis Result Applications GSI id

( HF 8.0 Maintenance and Surveillance Program GSI Ic

I.A.I.1 Operational Safety-Shift Technical Advisor GSI Ig

Anprend Design Material- Resonweten of Sakty issues Page 20.1 13
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Table 20.1-1 Listing of Unresolved Safety Issues and Generic Safety Issues (Cont'd.) h
Number Title Type Category |

1.A.I.2 Operational Safety-Shift Supervisor Administrative Duties GSI Ig j

I.A.I.3 Operational Safety-Shift Manning GSI Ig

I.A.I.4 Long Term Upgrading of Operating Personnel GSI Id

1.A.2.1 Immediate Upgrading of Operator and Senior Operator Training OSI Ig

(1-3)

1.A.2.2 Training and Qualifications of Operating Personnel GSI ld

I.A.2.3 Administration of Training Programs GSI Ig

1.A.2.4 NRR Participation in Inspector Training GSI Id

1.A.2.5 Training and Qualification of Operating Personnel-Plant Drills GSI Ig

1.A.2.6 Long Term Upgrading of Training Qualifications GSI Id

(1)

1.A.2.6 1.ong-Term Upgrading of Training and Qualifications GSI Ig
(2,4,5,6)

1.A.2.6 Operator Workshops GSI le

(3)

1.A.2.7 Accreditation of Training Institutions GSI Ig

1.A.3.1 Revise Scope of Criteria for Licensing Exams GSI Ig

I . A.3.2 Operator Licensing Program Change GSI Ig

1.A.3.3 Requirements for Operator Fitness GSI le

I.A.3.4 Licensing of Additional Operations Personnel GSI Ig

1.A.3.5 Licensing of Personnel-Statement of Understanding with INPO GSI/LI Id
and DOE

1.A.4.1 Initial Simulator Improvement GSI Id
(1-2)

1.A.4.2 Research on Training Simulators GSIfrMI le

(1)

1.A.4.2 Upgrade Training Simulator Standards GSITTMI Ig
(2)

1.A.4.2 Regulatory Guide on Training Simulators GStrTMI Id
(3)

1.A.4.2 Review Simulators for Conformance to Criteria GSI/TMI le
(4)

1.A.4.3 Feasibility Study for Procurement of Training Simulator GSI/LI Id

I.A.4.4 Feasibility Study to Evaluate Potential Value of NRC Engineering GSI/LI Id
Computer

I.B.I.1 Organization and Management - leng Term improvements GSI/TMI le
(1-4)

I.B.I.1 Management for Operation-Long-Term improvements GSI Ig
(5)

1.B.I.1 Organization and Management - long Term improvements GSI/TMI le
(6,7)

Appromf Des / prs Motorial Resohtten of Setetyissues Page 20.1 14
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Table 20.1-1 Listing of Unresolved Safety Issues and Generic Safety Issues (Cont'd.)

Number Title Type Category

1.B.I.2 Management for Operations-Evaluation of NTOL Applicants GSI/LI Ig

(1-3)

1.B.I.3 Management for Operations-1.oss of Safety Function GSI/LI Id

(1-3)

1.B.2.1 Revision of IE Inspection Program GSI/LI Id-

(1-7)

1.B.2.2 Resident inspectors at Operating Reactors GSI/LI lg

1.B.2.3 Inspections at Operating Reactors--Regional Evaluations GSI/LI Id >

I.B.2.4 Overview of Licensee Performance GSI/LI Id

I.C.1 Short Term' Accident Analysis and Procedures Revision GSI 2
- (14)

1.C.2 Shift and Relief Turnover Procedures GSI lg

1.C.3 Shift Supervisor Responsibilities GSI Ig

I.C.4 Operating Procedures--Control Room Access GSI Ig

1.C.5 Procedures for Feedback of Operating Experience GSI/TMI Ig

I.C.6 Procedure for Verification of Correct Performance of Operating GSI ld
Activities ,

,

1.C.7 NSSS Vendor Review of Operating Procedures GSI Ig

Ox I.C.8 Pilot Monitoring of Selected Emergency Procedures for NTOL GSI ig
Applicants

I.C.9 Long-Term Program Plan for Upgrading of Procedures GSI 2

1.D.1 Control Room Design Reviews GSI/TMI 2

1.D.2 Control Room Design-Plant Safety Parameter Display Console GSI/TMl 2

1.D.3 Control Room Design-Safety System Status Monitoring GSI/TMI 2

1.D.4 Control Room Design Standard GSI 2
)

1.D.5 Control Room Design-improved Instrumentation Research - GSI 2

(1) Operator - Process Communication

I.D.5 Control Room Design-Improved Instrumentation Research - Plant GSI 2

(2) Status and Post Accident Monitoring [Ref: GSI/TMI II.F.3]

1.D.5 Control Room Design-On-Line Reactor Surveillance System GSI/LI 2

(3)

1.D.5 Control Room Design-Improved Instrumentation Research . GSI 2

(4) Process Monitoring lastrumentation [Ref; GSI/TMI II.F.2]

1.D.5 Disturbance Analysis Systems GSI/LI le
(5)-

1.D.6 Con:rol Room Design-Technology Transfer Conference GSI/LI ld

I.E.1 Establish Office for Analysis and Evaluation of Operational Data GSI/LI Id !

1.E.2 Program Office-Operational Data Evaluation GSI/LI id

O I.E.3 Operational Safety Data Analysis GSI/LI Id

I.E.4 Coordination of Licensee. Industry, and Regulatory 14ograms GSI/LI Id

I.E.5 Nuclear Plant Reliability Data System GSI/LI Id
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Table 20.1-1 Listing of Unresolved Safety Issues and Generic Safety Issues (Cont'd.) h
Number Title Type Category

1.E.6 Reporting Requirements for Reactor Operating Experience GSI/LI Id

I.E.7 Information for Analysis and Dissemination of Operating GSI/LI id
Experience-Foreign Sources

1.E.8 Human Error Rate Analysis GSI/LI Id

1.F.1 Quality Assurance - Expand Quality Assurance List for GSI 2

Equipment Important to Safety

I.F.2 Quality Assurance-Develop More Detailed QA Criteria GSl/TMI 2

(1,4,5,7,
8,10,11)

1.F.2 Quality Assurance-Develop More Detailed QA Criteria GSifrMI 2

(2,3)

1.F.2 Quality Assurance-Develop More Detailed QA Criteria GSI 2

(6,9)

1.G.1 Scope of Test Program-Preoperational and low Power Testing GSI Ig

1.G.2 Scope of Preoperation and Low-Power Test Program GSI 2

II. A.1 Siting Policy Reformulation GSI Ic

II. A.2 Site Evaluations of Existing Facilities GSI le

II.B.1 Safety Review Consideration-Reactor Coolant System Vents GSI/TMI 2

II.B.2 Safety Review Consideration-Plant Shielding to Provide Post GSIfrMI 2

Accident Access to Vital Areas

ll.B.3 Safety Review Consideration-Post Accident Sampling System GSIfTMI 2

II.B.4 Safety Review Consideration--Training to Mitigate Core Damage GSI Ig

II.B.5 Behavior of Severely Damaged Fuel & Core Melt GSI/LI id
(1,2)

II.B.5 Effect of H2 Burning and Explosions on Containment Structure GSI/LI Id

(3)

II.B.6 Risk Reduction for Operating Reactors with Sites with High GSI Id
Population Densities

II.B.7 Safety Review Consideration--Analysis of Hydrogen Control GSI Id

II.B.8 Rulemaking Proceedings on Degraded Core Accident-Hydrogen GSI 2

Rule, Severe Accident, Etc.

II.C.1 Interim Reliability Evaluation Program GSI Ic

II.C.2 Continuation of Interim Reliability Evaluation Program GSI Ic

II.C.3 Risk Assessment-Systems Interaction GSI le

II.C.4 Reliability Engineering [Ref; GSI B-56] GSI/TMI 2

II.D.1 Coolant System Valves- Testing Requirements GSI/TMI 2

II.D.2 Coolant System Valves-Research on Test Requirements GSI/TMI la

II.D.3 Coolant System Valves-Valve Position Indication GSI/TMI 2

II.E.1.1 Auxiliary Feedwater System Evaluation GSITTMI 2

II.E.1.2 Auxiliary Feedwater System Automatic Initiation and Flow GSifrMI 2

indication
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Table 20.1-1 Listing of Unresolved Safety Issues and Generic Safety Issues (Cont'd.)
;

.

Namsber Title Type Category

i ll.E.1.3 - Update Standard Review Plan and Develop Regulatory Guide GSI/LI Id
:

II.E.2.1 Reliance on Emergency Core Cwling System GSI le -j
~ II.E.2.2 Research on Small Break LOCAs and Anomalous Transients GSI Ic j

II.E.2.3 Uncertamties in ECCS Performance Predictions GSI/TMI la j'

II.E.3.1 Decay Heat Removal-Reliability of Power Supplies for Natural GSI/TMI 2 :<

Circulation

: II.E.3.2 Decay Heat Removal--Systems Reliability GSI le ;

j H.E.3.3 Coordmated Study of Shutdown Heat Removal Requirements GSI le '

II.E.3.4 Decay Heat Removal-Alternate Concepts Research GSI Id i'

II.E.3.5 Decay Heat Removal-Regulatory Guide GSI le

II.E.4.I' C=*a3==* Design-Dedicated Penetrations GSI 2

II.E.4.2 Conrainment Design-Isolation Dependability GSI/TMI 2
,

II.E.4.3 Containment Integrity Check GSI/TMI Id -

II.E.4.4 Contamment Design-Purging GSI/TMI 2

(1-5)
i II.E.5.1 B&W Design Evaluation GSI lb

1 H.E.5.2 B&W Reactor Transient Response Task Force GSI lb- !

I
! II.E.6.1 In-Situ Valve Test Adequacy Study GSI 2

{ II.F.1 Additional Accident Monitoring Instrumentation GSI/TMI 2

II.F.2 Identification and Recovery from Conditions leadmg to GSI/TMI 2
,

Inadequate Core Cooling.

II.F.3 Instrumentation for Monitoring Accident Conditions GSI/TMI 2

II.F.4 Study of Control and Protection Action Design GSI/TMI .If

II.F.5 Classification of I & C, and Electrical Equipment GSI/LI Id

11.G.1 Power Supplies for Pressunzer Relief Valves, Block Valves, and GSI/TMI 2

level Indicators

II.H.1 Maintain Safety of TM1-2 and Minimtm Environmental Impact GSI Ig

II.H.2 Obtain Data on Inside Condition of TMI Containment GSITTMI Ig

II.H.3 Evaluate and Feedback Information Obtained from TMI GSI le'

| II.H.4 Determme Impact of TMI on Socioeconomic and Real Property GSI/1J Id 1

| Values

11J.1.1 Establish a Priority System for Conducting Vendor Inspections GSI/LI Id
" '

11J.l.2 Modify Existing Vendor Inspection Programs GSI/lJ Id

11J.1.3 Jacrease Regulatory Control Over Present Non Licensees GSI/LI Id
;

11J.l.4 Assign Resident inspectors to Reactor Vendors and Architect- GSI/LI Id
'

Engineers

11J.2.1 Reorient Construction Inspection Program GSI/LI Id j4

113.2.2 Increase Emphasis on 1%t Measurement in Construction - GSI/LI Id
. ,

\ inspection Program

11J.2.3 Assign Resident inspectors to All Construction Sites GSI/LI Id
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Table 20,1-1 Listing of Unresolved Safety Issues and Generic Safety Issues (Cont'd.) h
_

L nber Title Type Category

113.3.1 Organization and Staffing to Oversee Design and Construction GSI 2

!!J.3.2 Managernent for Design and Construction - Issue Reg. Guide GSI le

II.J.4.1 Revise Deficiency Report Requirements GSI Id

II.K.1 Measures to Mitigate Small Break LOCAs and less of Feedwater GSI 1

(1,2,4[a- Accidents - IE Bulletins
c},7,8,I I,
12,17-23)

II.K.1 Measures to Mitigate Small Break LOCAs and less of Feedwater GSI 2

(3,4d,5,6, Accidents - IE Bulletins ;
I

9,10.13
|16,24-28)

__

II.K.2 Commission Orders on B&W Plant to Mitigate Accidents GSI lb
(1-15,18, |

20,21) !

II.K.2 Commission Order on B&W Plants to Mitigate Accidents GSI/TMI lb |
|

(16,17,19)

)II.K.3 Final Recommendations of Bulletins and Orders Task Force to GSI 1

(1,3,4,7, Mitigate Accidents
9 24,26-

'

29,32-54,
56,57)

II.K.3 Final Reco2unendations of Bulletins and Orders Task Force to GStrTMI 2
,

(2,5,6,8, Mitigate Accidents I
l

25.30,31,

55)

Ill. A.1.1 Upgrade Emergency Preparedness GSI Ig
(1,2)

Ill. A. I .2 Upgrade Licensee Emergency Support Facilities GSI/L1 2

(1-3)

Ill. A. I .3 Maintain Supplies of nyroid Blocking Agent GSI Ig

(1)

lli.A.I.3 Maintain Supplies of nyroid Blocking Agent GSI Ig

(2)

Ill. A.2.1 Amendment to 10 CFR 50 and Appendix E GSI Id

(1-4)

lli.A.2.2 Development of Guidarsee and Criteria GSI Ig

Ill. A.3.1 Emergency Preparedness-NRC Role in Responding to Nuclear GSI/LI Id
(15) Emergencies

Ill. A.3.2 Emergency Preparedness-Improve Operations Centers GSI/LI Id

Ill.A.3.3 Emergency Preparedness--Communications GSI/LI Id
(1,2)

Ill. A.3.4 Nuclear Data Link GSI Id !

III.A.3.5 Emergency Preparedness-Training, Drills & Tests GSI/LI id i

|
|
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n() Table 20.1-1 Listing of Unresolved Safety issues and Generic Safety Issues (Cont'd.)

Number Title Type Category ,

I!!.A.3.6 Emergency Preparedness-NRC and Other Agencies GSI/LI Id
(1-3)

!!!.B.1 Transfer of Emergency Preparedness Responsibilities to FEMA GSI/LI Id

III.B.2 Implementation of NRC'S and FEMA'S Responsibilities GSI/LI Id
(1,2)

lli.C.1 Public Information-Provide to News Media and Public GSI/LI Id

(1-3)

III.C.2 Public Information-Provide Training GSI/LI Id
(1,2)

III.D. l .1 Primary Coolant Sources Outside the Contamment Structure GSI/TMI If

(1)

Ill.D.l.1 - Review Information on Provisions for leak Detection GSI 2

(2)

Ill.D. I . ! Develop Proposed System Acceptance Criteria GSI la
(3)

III.D. I .2 Radioactive Gas Management GSI/TMI If j

lli.D.I.3 Ventilation System and Radioiodine Absorber Criteria GSI/TM1 If |
(1-3) l

Ill.D.I.3 Ventilation System and Radioiodine Absorber Criteria GSI Id
g

\ (4)

III.D. I .4 Radwaste System Features to Aid in Accident GSI/TMI If

Ill.D.2.1 Radiological Monitoring of Effluents GSI/TMI la
(1-3)

lli.D.2.2 Radioiodine, Carbon-14, and Tritium Pathway Dose Analysis GSI Id

(1)

Ill.D.2.2 Radioiodine, Carbon-14, and Tritium GSI le
(2-4)

Ill.D.2.3 Liquid Pathway Radiological Control GSI Ic j

(1)

Ill.D.2.3 Screening of Sites for Liquid Pathway Consen.sence GSI Ic
(2)

Ill.D.2.3 Liquid Pathway Interdiction GSI Ic
(3)

Ill.D.2.3 Summary Assessment of Liquid Pathway Consequences GSI Ic
(4)

til.D.2.4 Offsite Dose Measurements GSI Id
(1)

Ill.D.2.4 Offsite Dose Measurernents GSI/LI id
(2)

Ill.D.2.5 Offsite Dose Calculational Manual GSI/LI le
n
( III.D.2.6 Independent Radiological Measurements GSI/LI Id

III.D.3.1 Radiation Protection Plan GSI Ic

Aptwoved Deeiptr hisserW Mesohroorr of Safety issues Pope 20.1 19
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Table 20.1-1 Listing of Unresolved Safety Issues and Generic Safety Issues (Cont'd.) h
Number Title Type Category

Ill.D.3.2 Health Physics improvements GSI/LI Id

(1-4)

Ill.D.3.3 in-Plant Radiation Monitoring GSI/TMI 2

(1-4)

Ill.D.3.4 Control Room Habitability GSI 2

IILD.3.5 Radiation Worker Exposure Data Base GSI/LI Id

(1-3)

IV. A.1 Seek Legislative Authority in Enforcement Process GSI/L1 Id

IV.A.2 Revise Enforcement Policy GSI/LI Id

IV.B.1 Revise Practices for issuance of Instructions and Information to GSI/LI Id

Licensees

IV.C.1 Extend lessons Learned from TMI to Other NRC Programs GSI/LI Id

IV.D.1 NRC Staff Training GSI/LI Id

IV.E.1 Expand Research on Quantification of Safety Decision-Making GSI/LI Id

IV.E.2 Plan for Early Resolution of Safety issues GSI/LI Id

IV.E.3 Plan for Resolving Issues at the Construction Permit Stage GSI/L1 Id

IV.E.4 Resolve Generic Issues by Rulemaking GSI/LI id

IV.E.5 Assess Currently Operating Plants GSI Ic

IV.F.1 lacrease IE Scrutiny of Power Ascension Test Program GSI/L1 Id

IV.F.2 Evaluate the Impacts of Financial Disincentives to the Safety of GSI/LI id
Nuclear Power Plants

IV.G.1 Develop a Public Agenda for Rulemaking GSI/LI id

IV.G.2 Periodic and Systematic Reevaluation of Existing Rules GSI/LI Id

IV.G.3 Improve Rulemaking Procedures GSI/LI Id

IV.G.4 Study Alternatives for Improves Rulemaking Process GSI/LI Id

IV.H.1 NRC Participation in the Radiation Policy Council GSI/L1 Id

V. A.1 Develop NRC Policy Statement on Safety GSI/LI Id

V.B.1 Study and Recommend, as Appropriate, Elimination of Nonsafety GSI/LI id
Responsibilities

V.C.1 Strengthen the Role of Advisory Committee on Reactor GSI/LI Id
Safeguards

V.C.2 Study Need for Additional Advisory Committees GSI/L1 Id

V.C.3 Study the Need to Establish an Independent Nuclear Safety Board GSI/LI Id

V.D.1 Improve Public and Intervenor Panicipation in the Hearing GSI/L1 Id
Process

V.D.2 Study Construction-During-Adjudication Rule GSI/L1 Id

V.D.3 Reexamine Commission Role in Adjudication GSI/L1 Id

V.D.4 Study the Reform of the Licensing Process GSI/LI Id

V.E.1 Study the Need for TMI Related legislation GSI/L1 Id

V.F.1 Study NRC Top Management Stmeture and Process GSI/L1 Id
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( Table 20.1-1 Listing of Unresolved Safety Issues and Generic Safety Issues (Cont'd.)

Number Title Type Category

V.F.2 Reexanune Organization and Functions of the NRC Office GSI/LI ld

V.F.3 Revise Delegation of Authority to Staff GSI/LI 1d

V.F.4 Clari./ and Strengthen the Respective Roles of Chairman, GSI/LI Id
Commission, and Executive Director for Operations

V.F.5 Authority to Delegatt Emergency Response Functions to a Single GSI/LI Id
Commissioner

V.G.1 Achieve Single Location, long-Term GSI/LI Id

V.G.2 Achieve Single Location, Interim GSI/LI Id

.

i

a

i

|

>
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20.2 Technical Resolution for Unresolved and Generic Safety Issues Applicable to the
Systern 80+ Standard Design

This section presents the technical resolution for safety issues applicable to the System 80+ Standard
Design. Each issue is composed of three pans: a statement that describes the safety concern;
acceptance criteria that discuss the applicable NRC guidance and regulations, industry codes, and
standards, or other relevant requirements; and a resolution section providing the technical bases for
resolution of the issue considering the System 80+ Standard Design. The resolution is described within
Approved Design Material or other relevant documentation (e.g., special technical reports). References
appropriate to the issue, its acceptance criteria, or resolution are also provided.

20.2.1 Setpoint Drift in Instrumentation
|

Issue
i

Generic Safety Issue 003 addresses drift in safety-related instrumentation and controls setpoints and the i

potential for a delay in initiation of a safety-related system or component. |

Setpoint drift can be defined as a change in the input-output relationship of an instrument over a period
of time. Setpoint drift can occur as a result of a number of factors including component failure,
instrumentation error and environmental conditions. Setpoint drift primarily affects analog
instrumentation rather than digital instrumentation (which is less sensitive to the environmental effects j

of temperature, humidity, etc.). Safety-related instrumentation and controls systems use setpoints as a ;

means of determining when to initiate a safety function. Should an unplanned change in the setpoint of
O' a safety-related component occur (i.e., setpoint drift) the actual value of the measured parameter at which

a particular action is specified to occur will be altered. This phenomenon can result in the delay in the
initiation of a safety function.

A number of Licensee Event Reports (LER's) were reviewed by M. which dealt with setpoint drift
in safety-related instrumentation and controls. Subsequently, many of these LER's were determined to
have reported setpoint drift in safety related instruments beyond their permissible technical specification
limits. Therefore, the NRC determined that it was necessary to provide industry with additional guidance,
Regulatory Guide 1.105 (Reference 1), which could be utilized in establishing and maintaining safety-
related instrument setpoints. In conjunction with the NRC work, industry developed a standard, ISA |

S67.04-1987 (Reference 2) for safety-related instrument setpoints. This revised standard replaces ISA
S67.04-1982 endorsed by Regulatory Guide 1.105, Revision 2.

iAcceptance Criteria

The acceptance criteria for the resolution of GSI 003, are that safety-related instrumentation and controls
systems and components which use setpoints as a means of initiating their safety functions shall: (1) |

'

establish and maintain the setpoints using the guidance in Regulatory Guide 1.105, Revision 2, (with the
exception of ISA S67.04-1982) and (2) conform to the criteria identified in ISA S67.04-1987.

Specifically, a serpoint shall be established such that its selection shall allow sufficient margin between
the setpoint and the technical specification limit to account for the expected instrument drift. In particular, ;

the serpoint selection shall consider the expected environmental conditions. |

r
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Resolution

The System 80+ Standard Design includes safety-related instrumentation and controls with established
setpoints to actuate safety functions (Chapter 7). Serpoints for safety related systems and components,
e.g., the Plant Protection System, are established and maintained in accordance with the guidance given
in Regulatory Guide 1.105 and conform to the criteria identified in ISA S67.04-1987.

The environment considered when determining errors is the most detrimental realistic environment
calculated or postulated to exist up to the longest time of the required Reactor Trip or Engineered Safety
Feature Actuation. This environment may be different for different events analyzed. For the setpoint
calculation, the accident environment error calculation for process equipment uses the environmental
conditions up to the longest required time of trip or actuation that results in the largest errors, thus
providing additional conservatism to the resulting setpoints. For additional detail on safety-related
instrumentation and control setpoints see Section 7.1.2.27. [ Note; actual equipment setpoints are
determined during plant construction, when specific equipment is purchased, and are based on the
setpoints and setpoint methodology described in Chapic 15].

Although setpoint drift is expected to be negligible because of digital protective systems, periodic
surveillance tests designed to detect input parameter drift and setpoint changes are performed. In addition,
automatic testing of the PPS bistable trip function is provided and PPS trip setpoints are monitored by
the Data Processing System as described in Sections 7.2.1.1.9 and 7.7.1.8.2.

Setpoints used to initiate these plant safety functions are established and maintained by implementing the
requirements of ISA-567.04-1987 and therefore meet the intent of Regulatory Guide 1.105, Rev 2. Since
the guidance and requirements are met, this issue is resolved for the System 80+ Standard Design.

References

1. Regulatory Guide 1.105, Revision 2, '' Instrument Setpoints For Safety-Related Systems," U.S.
Nuclear Regulatory Commission, February 1986.

2. Standard ISA-S67.04-1987, "Serpoints for Nuclear Safety Related Instrumutation Used In
Nuclear Power Plants," Instrument Society of America.

20.2.2 Secondary Pipe Cracks

Issue

Generic Safety Issue 014 addresses the pipe crack phenomenon in pressurized water reactors (PWRs),
in particular, piping cracks associated with secondary plant high pressure systems which could result in
a diminished system functional capability and safety margin.

Cracking has occurred in PWR piping systems as a result of stress corrosion, vibratory and thermal
fatigue and dynamic loadings. All incidents of cracking have been detected and corrective actions taken
prior to any catastrophic failures. (Pipe thinning due to erosion has caused catastrophic failure, but that
mechanism is considered separate from cracking.)

Experience has shown that few pipe cracks have occurred in primary piping. Recently, some primary
pipe cracks have occurred near leaking valves in branch lines. These cracks have leaked detectably with
no piping failures. Secondary piping cracks resulting from corrosion and/or erosion and thermal fatigue,

Approved Design Atotoriet flesoArven of $storyissues Page 20.2 2
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/'3
Q for example in feedwater lines, have also caused concern within the nuclear industry. An investigation

was conducted for the Nuclear Regulatory Co:-aission to review the known cracking incidents in PWR
piping, the safety implications of pipe cracking, and to study all the cracking mechanisms which have
been known to affect PWR piping. The results of this investigation were reported in NUREG-0691
(Reference 1).

After evaluating potential enhancements of high energy secondary system piping surveillance and
inspection requirements, the NRC concluded that existing regulatory guidance was satisfactory for the
design of secondary system piping in future plants. Therefore no new requirements were issued.

Acceptance Criteria

The acceptance criteria for the resolution of GSI 014 are that the high energy secondary piping systems
shall be designed, manufactured, constructed, tested and inspected in accordance with accepted industry
codes and standards, and shall meet the intent of the relevant guidance in Chapters 3 and 10 of the SRP
(Reference 2), Section 6.6 of the SRP, and Regulatory Guide 1.26 (Reference 3).

Resolution

The high energy secondary piping systems of the System 80+ Standard Design conform to industry
codes, standards, and regulatory design and inspection criteria as identified in Chapters 3 and 10, and
Section 6.6, consistent with the acceptance criteria above. The systems are those which compris; the
steam and power conversion segment of the plant, such as the Main Steam and the Condensate and

O Feedwater Systems, and are described in Chapter 10.
O

Structures, components, systems, and piping of the System 80+ Standard Design are grouped in four
safety classes for the definition of design, manufacturing, construction, inspection and testing
requirements. Safety Classes 1, 2, and 3 apply to equipment needed to accomplish nuclear safety
functions; the f,urth class, Non-Nuclear Safety (NNS), applies to equipment not relied on to perform a
nuclear safety fuaction. These safety classes are equivalent to Quality Groups A through D of Regulatory
Guide 1.26. The safety class groups are described in Section 3.2. Fluid systems piping in Safety Classes
1-3 is designed in accordance with the ASME Boiler and Pressure Vessel Code Section III, Code Classes
1,2, and 3 and Section XI (Reference 4); piping in Safety Class NNS is designed in accordance with
accepted industry standards.

For example, the Condensate and Feedwater System described in Section 10.4.7 contains Safety Class 2
secondary system piping which conveys water from the main feedwater isolation valves to the steam
generators. The piping for this portion of the system is designed, manufactured, constructed, tested and
inspected in accordance with Section III, Code Class 2 and Section XI of the ASME Boiler and Pressure
Vessel Code, as identified in Section 10.1 Table 10.1-1. The appropriate portions of the Condensate
and Feedwater System piping meet the requirements of the General Design Criteria and Branch Technical
Position ASB 10-2 identified in SRP Section 10.4.7. The design and layout of the system piping are such
as to minimize the probability of thermal stratification or water hammer.

The remainder of the piping in the Condensate and Feedwater System is Safety Class NNS and is
designed, manufactured, constructed, tested and inspected in accordance with ANSI Standard B 31.1
(Reference 5), as identified in Section 10.1, Table 10.1-1.g

t k

This issue is, therefore, resolved for the System 80+ Standard Design.
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References

1. NUREG-0691, " Investigation and Evaluation of Cracking Incidents in Piping in Pressurized
Water Reactors," U.S. Nuclear Regulatory Commission, September 1980.

2. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants - PWR Edition," U.S. Nuclear Regula'ory Commission.

3, Regulatory Guide 1.26 Revision 3, " Quality Group Classifications and Standards for Water ,
Steam , and Radioactive-Waste-Containing Components of Nuclear Power Plants," U.S. Nuclear
Regulatory Commission, February 1976.

4. ASME Boiler and Pressure Vessel Code, Section III, " Nuclear Power Plant Components," and
Section XI, " Rules for Inservice Inspection of Nuclear Power Plant Components," American
Society of Mechanical Engineers.

5. ANSI /ASME B31.1-1992, " Power Piping," American Society of Mechanical Engineers.

20.2.3 Radiation Effects on Reactor Vessel Supports

Issue

Unresolved Safety Issue (USI) 015 addresses the potential for failure of the reactor vessel support
structure (RVSS) due to a combination oflow temperature and low neutron flux irradiation embrittlement.

Neutron irradiation ut structural materials used in the RVSS causes embrittlement that may increase the
potential for propagation of pre-existing cracks or flaws within these materials. The potential for brittleo

fracture of these materials is typically measured in terms of their nil ductility transition temperature
~

(NDTT). As long as the operating environment in which a material is used has a temperature that is |
significantly higher than the NDTT of the material, no failure by brittle fracture would be expected.

'

Many materials, when subjected to neutrori . . iiation, experience an upward shift in the NDTT, i.e.,
they become more susceptible to brittle fraure. This effect must be accounted for in the design and
fabrication of RVSS.

During 1988, new data was developed for the RVSS materials at the Oak Ridge National Laboratory
(References 1, 2). This data indicated that low neutron flux at low temperatures caused greater
embrittlement of the materials used in RVSS than previously anticipated. This increased material
embrittlement or " upward shift" in NDTT reduces the fracture toughness of these materials and, under
certain specific and conservative transient conditions such as an earthquake or a large-break loss-of-
coolant accident, could conceivably result in the failure of the supports thus permitting the reactor vessel
to move.

As a result of the Oak Ridge National Lab work, the NRC re-prioritized this issue and is reviewing its
regulatory position re.lative to low temperature and low neutron flux radiation embrittlement.

Acceptance Criteria

The acceptance criterion for the resolution of USI 015 is that the material integrity for the reactor vessel
support structure shall be maintained for the design lifetime or the plant.
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Specifically, the design of the reactor vessel suppons shall address irradiation effects (including low
temperature and low neutron flux) and the attendant material embrittlement, and be designed to restrain

. the reactor vessel under the combined Safe Shutdown Earthquake (SSE) and branch line pipe break
loadings in accordance with the stress and deflection limits established in Section III of the ASME B&PV

Code (Reference 3).

Resolution

The RVSS for the System 80+ Standard Design is described in Section 5.4.14.2 and Figure 5.4.14-2.
It consists of four venical columns (this configuration is defined by Oak Ridge National Lab as the "long
column type") which are located under the vessel inlet nozzles. These columns are designed to flex in
the direction of horizontal thermal expansion and thus allow unrestrained heatup and cooldown. In
addition, they also act as hold down devices for the entor vessel.

The suppons are designed to accept normal, seismic, and branch line pipe break loads. Irradiation effects
are addressed in the fracture mechanics analysis of the columns which is performed using the philosophy
of ASME Section III Appendix G to ensure that structural integrity is maintained. This fracture
mechanics analysis addresses potential embrittlement and accident loads including a safe shutdown
earthquake and a largi break loss of coolant accident. This analysis demonstrates that the structural
integrity of the columns would be maintained, even if large cracks existed in the columns and they were
subjected to the lowest possible temperatures and the maximum normal and safe shutdown canhquake
loadings. The sensitivity to uncenainty in the extent of the embrittlement is also addressed. The
conservatism of this analysis is funher enhanc~i by the adoption of the leak-before-break nwthod in the
System 80+ Design Basis.

L
The concrete pedestal and anchorage embedments for the Reactor Vessel Suppon columns are not
subjected to significant neutron flux. These items are not, therefore, addressed in the above analysis.

In conclusion, the irradiation effects have been addressed in a fracture mechanics analysis of the
System 80+ reactor vessel supports. This analysis irxiicates that the structural integrity of the columns
will be maintained when the conservative combination of in adiation embrittlement, low temperature, and
the design basis loads is imposed on the columns. Therefcre, this issue is resolved for the System 80+
Standard Design.

References

1. ORNL/TM-10444, " Evaluation of HFIR Pressure Vessel Integrity Considering Radiation
Embrittlement," Oak Ridge National Laboratory,1988.

2. ORNIIfM-10966, " Impact of Radiation Embrittlement on the Integrity of Pressure Vessel
Supports for Two PWR Plants," Oak Ridge National Laboratory,1988.

3. American Society of Mechanical Engineers Boiler & Pressure Vessel Code, Section III
(Nuclear), American Society of Mechanical Engineers.
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20.2.4 Inadvertent Boron Dilution Events

Issue

Generic Safety Issue 022 addresses the possibility of core criticality during cold shutdown conditions
because of an inadvertent boron dilution event.

Inadver:ent boron dilution events have occurred at PWR's during maintenance and refueling periods. If
the boron in the RCS is sufficiently diluted and the reactor core is near the beginning of life, there is the
potential for core criticality with all rods inserted (i.e., during cold shutdown conditions).

The NRC and others performed a variety of studies of the consequences of an inadvertent boron dilution
event. The conclusions of the NRC assessment along with other studies were that the consequences of
an unmitigated boron dilution event, although undesirable, are not severe enough to warrant backfit of
additional protective features at operating plants, and that Section 15.4.6 of the Standard Review Plan
(Reference 1) is adequate for plants presently undergoing license review.

Acceptance Criteria

The acceptance criterion for GSI 022 is that new plants shall minimize the consequences of inadvertent
boron dilution events by meeting the intent of SRP Section 15.4.6. Specifically, when performing a
safety analysis to evaluate the consequences of an inadvertent boron dilution, plant designers should
consider: (1) design limits for maximum RCS pressure and minimum DNBR, (2) moderate frequency
events in conjunction with a single failure or operator error and their possible effects on fuel integrity
and radiological dose calculations, and (3) time limits specified for each mode of plant operation, if
operator action is required to terminate an inadvertent boron dilution.

Resolution

Safety analyses were performed as part of the design process for the System 80+ Standard Design. These
analyses address a variety of design bases events including inadvertent boron dilution (see Section
15.4.6). Furthermore, these analyses consider SRP Section 15.4.6 criteria including design limits (e.g.,
maximum RCS pressure and minimum DNBR), a single failure in conjunction with moderate frequency
events, and the impact of a single failure or operator error on fuel integrity and radiological dose
calculations.

The safety analyses also considered the time limits required for an operator to terminate an inadvertent
boron dilution for a particular plant mode of operation identified in SRP, Section 15.4.6. For example,
indication of a boron dilution event in the cold shutdown r cde of operation is provided to the operator
by the boron dilution alann logic within the Nuplex 80+" W Advanced Control Complex. As
described in Section 7.7.1.1.10, the boron dilution alarm logic would detect an inadverter.t boron dilution
event by monitoring the neutron flux indications provided by the ex-core detector instrumentation while
in plant modes 3 through 6. Alarm signals are generated by the non-safety-related discrete indication and
alarm system and the data processing system alerting the operator. Reliance on the boron dilution alarm
logic is credited in the safety analyses (Chapter 15) as the annunciator of the event and assures that the
15 minute and 30 minute criteria for loss of shutdown margin are met.

O
' Nuplex 80+ is a trademark of Combustion Engineering, Inc.
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(n) The System 80+ safety analyses results reported in Chapter 15 demonstrate that the consequences of an
inadvertent boron dilution during cold shutdown are minimized. Furthermore, clear and conciseV

indication and alarm instrumentation is provided to an operator via the Nuplex 80+ Advanced Control
Complex which is considered in the safety analyses. Therefore, the intent of SRP Section 15.4.6 is met
and this issue is resolved for the System 80+ Standard Design.

References'

1. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants," LWR Edition, U.S. Nuclear Regulatory Commission.

2. Letter to R. T. Curtis (NRC) from N. S. DeMuth (LANL), " Analyses of Unmitigated Boron
Dilution Events," November 18, 1981.

20.2.5 Reactor Coolant Pump Seal Failures

Issue

I
Generic Safety issue 023 addresses the high rate of Reactor Coolant Pump (RCP) seal failures that
challenge the makeup capacity of the ECCS in PWRs. Such an event could result in a small-break loss-
of-coolant-accident with possibly core damage consequences.

WASH-1400, (Reference 1) indicated that breaks in the reactor coolant pressure boundary having an

A equivalent diameter in the range of 0.5 to 2 inches were a significant cause of core melt. Since then, a

U study has shown that comparable break flow rates have resulted from RCP seal failures at a frequency
about an order of magnitude greater than the pipe break frequency used in WASH-1400.

Thus, the overall probability of core melt due to small-size breaks could be dominated by events such
as RCP seal failures.

While proper design and testing of the RCP shaft seal is important, the most significant area of concern
is the capability of the seals to withstand a combined loss of component cooling water and seal injection,
which could occur during station blackout conditions.

Acceptance Criteria

The acceptance criteria for the resolution of GSI 023 are that the plant designer should provide for greater
RCP shaft seal integrity than has been exhibited by the seal design on some operating plants. Seal
integrity can be obtained by using improved design features, such as, better pump and shaft seal design,
and/or improved seal auxiliary support systems (component cooling water and seal injection systems).

The objective of improved IICP shaft seal integrity is to limit the possibility of a small-break LOCA
(which might lead to core damage) resulting from a RCP shaft seal failure. In panicular, the
susceptibility of the auxiliary systems to failure because of a station blackout should be addressed.

Resolution

[] The System 80+ Standard Design minimizes the possibility of core damage resulting from a small-break
kJ LOCA event caused by a RCP shaft seal failure by assuring seal integrity. Seal integrity is ensured by

seal and support systems design which address, as described below, susceptibility to station blackout.
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The Reactor Coolant Pump shaft seal design for System 80+ is a CE-KSB design. This design employs
three cartridge-type, hydrodynamic seals, including two equally staged seals and a third stage used as a
vapor seal (see Section 5.4.1.2). With this seal arrangement, all three seals must fail before leakage from
the reactor coolant system can occur. In addition to the seal design, the RCPs and integral shaft seals
are factory performance tested.

The RCP shaft seals are normally operated in conjunction with two independent and redundant support
systems for seal cooling: RCP seal injection provided by the Chemical and Volume Control System, and
the RCP cooling water provided by the Component Cooling Water System. In addition, System 80+ has
a third seal auxiliary support system: the Dedicated Sealinjection System (DSIS). The DSIS features
a small-capacity positive displacement pump which is available to provide a diverse means of seal
injection to the RCPs if normal means of seal cooling are lost. The DSIS pump operates in parallel with
the centrifugal charging pumps and supplies seal injection flow through the normal seal injection flow
path. Due to its suppon role in ensuring RCP seal integrity, the components of the DSIS are designed
as ASME Ill Class 3. The DSIS is considered a pan of the CVCS and is described in Section 9.3.4.

During a loss of offsite power (LOOP), the emergency diesel generators provide power to 2 of 4 available
component cooling water pumps to provide RCP seal cooling. The charging pumps can also be powered
by the diesel generators to provide RCP seal injection. If component cooling water seal cooling water
and charging pump seal injection are unavailable, the DSIS will be aligned to the diesel generator to
provide s al cooling.

The System 80+ design includes an onsite Alternate AC power source to cope with station blackout.
As mentioned in Section 8.1.4.2, the installation and design of the Alternate AC power source complies
with the intent of Regulatory Guide 1.155 (Reference 2). This power source will be available within 10
minutes and as such, per Regulatory Guide 1.155, a coping analysis is not required for the station
blackout event. During a station blackout, the AAC power source will provide power to a charging pump
and a CCW pump (both with redundant availability) to provide RCP seal cooling. If CVCS seal injection
and CCW cooling are lost, the DSIS is aligned to the AAC power source to provide RCP seal injection.
The DSIS can be operated for the entire cooldown until seal injection is no longer required.

In summary, the System 80+ RCP seal design is based on technology proven in operating plants and the
seal injection (CVCS and DSIS) and CCW suppon systems for the System 80+ Standard Design are
powered by an additional AAC power source in the event of an SBO.

This alternate AC source, under station blackout conditions, sustains electrical power to a charging pump
and component cooling water pump to provide RCP seal cooling. If necessary, the DSIS can be powered
by the AAC within 10 minutes to provide seal injection to the RCPs. Funhermore, the DSIS can be
aligned with the diesel generator to supply seal injection during a loss of offsite power. The combined
reliability and availability of the normal means for seal cooling and the diverse and highly reliable
dedicated seal injection system provides a design with an extremely low probability for loss of RCP seal
cooling (see Sections 19.10.6 and 19A.5.4). Consequently, cooling to the RCP seals can be assured for
maintaining reactor coolant pressure boundary integrity and thus, this issue is resolved for the System
80+ Standard Design.

References

1. WASH-1400 (NUREG-75/014), " Reactor Safety Study, An Assessment of Accident Risks in
Commercial Nuclear Power Plants," U.S. Nuclear Regulatory Commission, October 1975.

2. Regulatory Guide 1.155, " Station Blackout," U.S. Nuclear Regulatory Commission, June 1988.
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f
| 20.2.6 Automatic ECCS Switchover to Recirculation

' 's

Issue

Generic Safety Issue 024 was raised by the staff following a review of operating events that indicated a
significant number of ECCS spurious actuations, particularly, the four events that occurred at Davis-Besse

,

during 1980.

ECCS operation has two different phases in PWRs: injection and recirculation. The injection phase
involves initial cooling of the reactor core and replenishment of the primary coolant following a LOCA.

'

In this phase, the ECCS pumps typically takes suction from the refueling water storage tank (RWST).
The recirculation phase provides long-term cooling during the accident recovery period. The ECCS is
realigned in the recirculation phase to take suction from the containment sump.

Switchover from injection to recirculation phase involves realignment of several valves and may be
accomplished by: (1) manual operations to realign the valves; (2) fully automatic realignment of the
valves; or (3) automatic realignment of some valves, followed by manual completion of the process (semi-
automatic). Each option is vulnerable in varying degrees to human errors, hardware failures, and
common cause failures.

During a LOCA, ECCS pump suction must be switched from the RWST to the contaimnent sump before
RWST inventory is lost or loss of the ECCS ptunps will occur. Switching to the sump early could
adversely affect the accident because the containment sump may not have enough inventory to provide
pump suction. The automatic and the semi-automatic switchovers reduce the risk of human error buta

h have a slight increase in risk for inadvertent actuations. This issue affects PWRs only.

Acceptance Criteria
|

The two possible solutions to this issue are alternate cases requiring fully-automatic or semi-automatic
switchover to the containment sump. The fully-automatic switchover could be implemented by a system j

that would monitor the water level in the RWST and, at a preset level, automatically realign the ECCS
to take suction from the containment sump. The semi-automatic switchover could be implemented by a
system that would involve automatic alignment of some valves and manual completion of the switchover
process.

:

Resolution |

|

This issue was resolved for the System 80+ design by designing the refueling water storage tank as an
integral part of the containment and containment sump. The ECCS recirculation switchover is, therefore,
eliminated.

20.2.7 Bolting Degradation or Failure in Nuclear Power Plants

Issue

Generic Safety issue 029 addresses bolting degradation within safety-related components and support
structures and its impact on the integrity of the reactor coolant pressure boundary.

A-

The most emeial bolting applications are those constituting an integral part of the primary pressure {
boundary such as closure studs and bolts on reactor vessels, reactor coolant pumps, and steam generators.
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|

Degradation of these bolts or studs could result in the loss of reactor coolant. Other bolting apphcations
such as component support and embedment anchor bolts or studs are essential for withstanding transient
loads created during abnormal or accident conditions.

Review of operating experience demonstrated that the owner-operator's maintenance practices significantly
affect bolting degradation.

Acceptance Criteria

The acceptance criteria for the resolution of GSI 029 are that proven bolting designs, materials, and
fabrication techniques shall be employed. In addition, reactor coolant pressure boundary (RCFB) bolting
shall meet the requirements of ASME Code, Section III (Reference 1). Also, the owner-operator shall
use established industry practice as defined in EPRI reports NP-5769 (Reference 2) and NP-5067
(Reference 3) as amended by NUREG-1339 (Reference 4) in developing maintenance, assembly, and
disassembly procedures for reactor coolant pressure boundary bolting. Further, inservice inspections shall
meet the requirements of ASME, Section XI (Reference 1).

Resolution

Degradation of reactor coolant pressure boundary bolts is primarily an operating plant issue since most
of the degraded bolts have resulted from deficient maintenance practices. For example, molybdenum
disulfide at one time was considered an acceptable thread lubricant which is now banned from use (see
Section 5.2.3). Bolting integrity is assured by the designer through the initial specification of proven
bolting materials and installation requirements, and by the owner-operator through the use of acceptable
maintenance and inspection practices.

For the System 80+ Standard Design, only proven bolting materials for the specific application and ;

environment are employed, having been selected after evaluation of the potential for corrosion wastage )
and intergranular stress corrosion cracking (see Section 5.2.3). Also, the pressure boundary components

'

and their integral bolts, including the reactor vessel, steam generators, reactor coolant pumps and piping 1

are fabricated, tested, and installed in accordance with ASME Code, Sections III and XI. In this effort |

the applicant will consider the recommendations of References 2 and 4. Finally, the owner-operator must ;

perform periodic inservice inspection in accordance with ASME Code Section XI (see Section 5.2.1.2,
Table 5.21, and Section 5.2.4). The plant operator has the option of providing detailed procedures for
inservice inspection or any of the issues addressed in References 2,3 and 4. In addition, for critical
applications such as the reactor vessel head closure, redundant seals and leak monitoring further assure
the integrity of the pressure boundary. For major component support bolting applications (e.g., reactor
vessel, steam generator, etc.), the bolts are designed and fabricated to ASME Section Ill requirements
with proven materials chosen for the specific application and environment (see Section 3.9.3)

In summary, the bolting for reactor coolant pressure boundary components and supports are selected
considering their particular application and are fabricated, tested and installed in accordance with ASME
Section Ill. Furthermore, the owner-operator is required to comply with ASME Code, Section XI for
the performance of inservice inspection. Therefore, this issue is resolved for the System 80+ Standard j
Design.

References

1. American Society of Mechanical Engineers Boiler and Pressure Vessel Code, Section III
(Nuclear) and Section XI, American Society of Mechanical Engineers.
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!( ~2. The Electric Power Research Institute, R. E. Nickell, Principal Investigator, " Degradation and
; Failure of Bolting in Nuclear Power Plants," EPRI NP-5769, Vols. I and 2, Palo Alto,
California, April 1988.

3. The Electric Power Research Institute, " Good Bolting Practices, A Reference Manual for Nuclear
Power Plant Maintenance Personnel," Vol.1: "Large Bolt Manual," 1987 and Vol. 2: "Small |
Bolts and Threaded Fasteners," 1990, EPRI NP-5%7, Palo Alto, California. ;

4

; !

4. NUREG-1339, " Resolution of Generic Safety issue 29: Bolting Degradation or Failure in Nuclear :

Power Plants." US Nuclear Regulatory Commission, June 1990. |

20.2.8 1 Ass of Service Water I

Issue - I

iGeneric Safety Issue 036, identifies the potential for the loss of both redundant trains of service water .
caused by the failure of a non-safety system or component. j

Calvert Cliffs Unit 1 experienced a loss of both redundant trains of service water when the Station Service |
Water System (SSWS) became air bound as a result of the failure of a non-safety-related instrument air 8

compressor aftercooler. This event involved two fundamental aspects in the design of safety-related j

systems: (1) interaction between safety and non-safety-related systems and components, and (2) single !

failure of redundant safety systems.

'

Acceptance Cdteda
i

The acceptance criterion for the resolution of GSI 036 is that the design of the SSWS shall be such that: i
i

(1) the potential for the loss of its safety function through system interaction with a non-safety-related
system be minimized, and (2) the potential for a single failure of the SSWS shall be minimized. '

Specifically, the SSWS shall be designed to meet the intent of SRP Sections 9.2.1, Rev. 4, and 9.2.2,
Rev. 3 (Reference 1).

Resolution
i

Aspect number (1) of this issue is resolved by the System 80+ Standard Design because its safety related
SSWS only cools the component cooling water heat exchangers which are also safety-related. Hence
there are no safety-to-non-safety interfaces (see Section 9.2.1). Aspect number (2) is resolved by the
System 80+ Standard Design because its SSWS is comprised of two physically separate, independent full ,

capacity divisions. Thus, a single failure does not impair system effectiveness (see Section 9.2.1.3).
Since the SSWS meets the existing requirements and NRC guidance, this issue is resolved for the System
80+ Standard Design.' .

,

References
-

|

1. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear ;

Power Plants - LWR Edition," U.S. Nuclear Regulatory Commission. j
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20.2.9 Reliability of Air Systems

Issue

Generic Safety issue 43 was initiated in response to an immediate action memorandum issued by AEOD
in September 1981 regarding desiccant contamination of instrument air lines. NRR responded to the
AEOD memorandum by establishing a working group to determine the generic implications of air system
contamination and to develop appropriate recommendations. The AEOD memorandum was prompted
by an incident at Rancho Seco where the slow closure of a containment isolation valve resulted from the
presence of desiccant particles in the valve operator. Desiccant contamination of the plant instrument air
system (IAS) was also found to be one of the contributing causes of the loss of the salt water cooling
system at San Onofre in March 1980; this incident resulted in Issue 44, " Failure of Saltwater Cooling
System." Since the only new generic concern to be found in the evaluation of the San Onofre event was
the common cause failure of safety-related components due to contamination of the IAS, Issue 44 was
combined with issue 43.

Issue 43, " Contamination of Instrument Air Lines," as defined above, was evaluated in 1983 and a
recommendation was made to drop it from further consideration. Comments received from the ACRS
and AEOD, after the publication of the priority evaluation in November 1983, indicated that the issue
should be broadened to include all causes of air system unavailability, as opposed to the restrictive limits
that were imposed previously on the issue. NRR concurred with the ACRS and AEOD recommendations
and agreed to reevaluate the issue after the completion of an extensive AEOD case study of air systems
at LWRs in the U.S. AEOD Case Study C/701 was completed in March 1987 and later published in
NUREG-1275. As a result, Issue 43 was reevaluated, broadened as suggested above, retitled, and
reprioritized.

U.S. LWRs rely upon ai. systems to actuate or control safety-related equipment during normal operation;
however, air systems are not safety grade systems at most operating plants. Safety system design criteria
require (and plant accidenc analyses assume) that safety related equipment dependent upon air systems
will either " fail safe" upon loss of air or perform its intended function with the assistance of backup
accumulators.

The AEOD Case Study 1075 highlights 29 failures of safety-related systems that resulted from degraded
or malfunctioning air systems. These failures contradict the requirement that safety-related equipment
dependent upon air systems will either " fail safe" upon loss of air or perform their intended function with
the assistance of backup accumulators. Some of the systems that may be significantly degraded or failed
are decay heat removal, auxiliary feedwater, BWR scram, main steam isolation, salt water cooling,
emergency diesel generator, containment isolation, and the fuel pool seal system. The end result of
degradation or failure of safety or safety-related systems is an increase in the expected frequency of
core-melt events and, therefore, an increase in public risk.

Resolution

System 80+ is designed so that compressed air is not required for safe shutdown or accident mitigation
functions. The System 80+ Compressed Air Systems are non-safety-related as described in

!

Section 9.3.1.

O
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20.2.10 Inoperability of Instn==*atatian Due to Extreme Cold Weather

. Issue

j ' Generic Safety Issue 045 addresses the potential for safety-related equipment instrument lines to become |
4 inoperable as a result of freezing or reaching the precipitation (i.e., solidification) point of the sensing

fluids.
7-

Typical safety-related systems employ pressure and level sensors which use small tore instrumentation
'
;

lines. Most operating plants contain safety-related equipment and systems, parts of which are exposed
to the ambient environment. These lines generally contain liquid (e.g., borated water) which is ;

susceptible to freezing. j

Where systems or components and their associated instrumentation are exposed to sub-freezing j

temperatures, heat tracing and/or insulation is used to nummize the effects of cold temperatures.

These sensing and instrumentation lines are of concern because, should they freeze, they may prevent a i
,

; safety-related system or component from performing its safety function. For example, an incident |
occurred at a plant wherein the heat tracing system surrounding sensing lines and level transmitters for !;

| the Refueling Water Storage Tank (RWST) failed during sub-freezing weather. The failure of the heat i

tracing system resulted in freezing of the sensing lines and associated level transmitters causing a loss of (
, - all four RWST instrumentation channels, which could have resulted in the failure of the Emergency Core !

Cooling System, thus jeopardizing plant safety.
.

:
s

Because of the possibility of a safety-related system failure, the NRC issued additional guidance given !:

in Regulatory Guide 1.151 (Reference 1), to supplement the existing guidance and requirements which
include the Standard Review Plan (SRP) Section 7.1,10 CFR 50, Appendix A and industry Standard |

'

ISA-67.02, (References 2,3, and 4). Regulatory Guide 1.151 specifically addresses the prevention of j

! safety-related instrument sensing line freezing and includes design issues such as diversity, independence, !

monitoring and alarms. !
.

*

Av= Criteria ;

;

The acceptance criterion for the resolution of GSI 045 is that the fluid in safety-related equipment ;
instrument sensing lines shall be protected from freezing and maintained above the precipitation point. !

i

Safety-related equipment instrument sensing lines can be protected from freezing by providing.
,

environmental control systems which meet the requirements of 10 CFR 50, Appendix A General Design '

,
Criteria (GDC) and industry standard ISA-S67.02; and racet the intent of Regulatory Guide 1.151, and ;

' - SRP Sections 7.1, (Rev. 3), 7.1 Appendix A, (Rev.1), 7.5, (Rev. 3), and 7.7, (Rev. 3). |

Also, should environmental control prove to be limited, alternate forms of sensing line protection such i
as heat tracing and/or insulation can be used. [The use of heat tracing and/or insulation is not anticipated <

for the System 80+ Standard Design, however it is an acceptable alternative to environmental control.]
i

Resch tian !
!

The Sysem 80+ Standard Design incorporates instrument sensing lines in safety-related systems and |
Componerds. All safety-related systems and components used in the System 80+ Standard Design, j
including' instrument sensing lines, are located in a temperature controlled environment which is j

i
?, . .. : W ateenninf- nonehneen of Senoty Arsenen Pope 20.2-13 |

4

, y . - - . . . -2 m. + ,,, -, _ . . . , , ,



I

System 80+ Design ControlDocument

i
maintained above the freezing (or precipitation) point of the contained fluid. Because each building has
a particular set of environmental control requirements, (e.g., slight negative pressure for the fuel building
to assure no airborne radioactive material leakage), it has its own ventilation system as described in the i

I

sections listed below. Thus, different GDCs apply to various building ventilation designs. In addition
to meeting the particular GDC, the guidance given in Regulatory Guide 1.151, with respect to |

redundancy, diversity and monitoring and alarms has been considered. Discussions of the specific j

building ventilating systems, their design bases, including the specific GDCs they address, are provided
'

in Section 9.4. Limiting conditions for operation for the building ventilation systems which provide ;

environmental control for the buildings which house these safety-related systems require that the plant
be placed in a safe shutdown condition should the temperatures in these buildings exceed specified ranges.
This assures that the safety-related systems and components are not exposed to freezing or adverse
conditions (see Chapter 16). This is consistent with the guidance given in Regulatory Guide 1.151, the
applicable SRP Sections, and the recommendations of industry codes and standards, including ISA-
S67.02.

The System 80+ Standard Design uses an in-containment refueling water storage tank located inside the
containment building. Further, safety-related equipment is located in the containment building and other
areas where the air temperature is maintained above freezing or the precipitation point for sensing line
fluids. IIVAC systems, for areas where safety-related equipment is located, are addressed in the
following sections:

* Control Area 9.4.1.1

* Fuel Building 9.4.2

* Subsphere 9.4.5.1
i

* Nuclear Annex 9.4.5.1
1

1

* Radioactive Waste Building 9.4.3.1 j

* Diesel Generator Area 9.4.4.1

* Containment 9.4.6.1

* Turbine Building 9.4.7.1

* Station Service Water Pump Structure 9.4.8.1
|

Instrument sensing line freezing and fluid precipitation for the System 80+ Standard Design is addressed
during plant design by assuring that all safety-related systems and components are enclosed in
environmentally controlled buildings where the ambient air temperature is maintained above that needed
to assure adequate protection. In addition, the guidance identified in the applicable SRP Sections,
Regulatory Guide 1.151, and the requirements of 10 CFR 50, Appendix A and industry codes and
standards including ISA-S67.02 are met as described above. Because the potential for freezing of or
precipitation in instnunent sensing line.s is minimized by the design, and the use of insulation and/or heat
tracing remains an acceptable alternative, should it beceme necessary, this issue is resolved for the
System 80+ Standard Design.
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~ References

1. Regulatory Guide 1.151, " Instrument Sensing Lines," U.S. Nuclear Regulatory Commission, July ,

1983.

2. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Repons for Nuclear
Power Plants - LWR Edition," U.S. Nuclear Regulatory Commission.

3. 10 CFR 50 Appendix A, " General Design Criteria."

4. ISA-567.02, " Nuclear-Safety-Related Instrument Sensing Line Piping and Tubing Standards for
Use in Nuclear Power Plants," instrument Society of America..

20.2.11 LCO for Class IE Vital Instrument Buses in Operating Reactors
,

i
Issue'

Generic Safety issue 048 concerns the availability of the Class IE,120 VAC instrument buses and their
associated inverters. The absence of adequate requirements at some operating facilities jeopardizes the
availability of the instrument buses and inverters to perform their intended safety function, i.e., to provide
reliable power to safety-related systems and components.

A review of operating reactor technical specifications revealed that some operating facility technical

(~ specifications did not include limiting conditions for operation (LCO's) for the Class IE,120 VAC
instrument buses and associated inverters.'

'

The Class IE,120 VAC instrument buses and inverters provide power to safety related equipment in the
event of an emergency. Should these buses and inverters be out-of-service for an extended period of
time, safety related components or systems may be unable to perform their intended safety function. This
represents a potential safety concern.

Acceptance Criteria

The acceptance criterion for the resolution of GSI 048 is that the design and operation of the Class IE
vital instrument buses, inverters, and uninterruptable power supplies shall provide sufficient assurance ;

that associated batteries, inverters, battery chargers and regulated transfonners are available to support !

safety systems operation, (i.e., there should be a technical specification for the operability of all i

components which make up the uninterruptable power supply). Specifically, explicit requirements shall |

be identified in the form of LCO's for the Class IE,120 VAC instrument buses and associated inverters. |
1

Resolution

Technical Specifications are established and utilized to provide for the safe operation, inspection, and
maintenance of a nuclear facility's systems and components (see Chapter 16). The System 80+ Standard
Design incorporates a variety of safety-related systems and components which are governed by the
Standard Technical Specifications.

O Among these systems and components is the Onsite Power System which contains the Class IE,120 VAC(-) vital instrument buses and inverters (Section 8.3). This system supplies uninterruptable power for safety-
related equipment and components.
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The LCO of the Onsite Power System, including the Class IE vital bus inverters, is identified in Chapter
16. The Technical Specifications include specific requirements regarding plant operational restrictions
as they apply to the 120 VAC vital instrument bus and inverters. Operational restrictions are provided
in the Technical Specifications to assure the Onsite Power System availability and thus an uninterruptable
power supply to safety-related systems and components. Incorporated in these restrictions is a periodic
evaluation of the Onsite Power System bus condition which considers such availability items as proper
breaker and bus alignment, and adequate bus voltage.

In summary, the availability of the Onsite Power System, including its integral 120 VAC vital bus and
associated inverters, is governed by the system design and the Technical Specifications. Since the System
is designed to provide an uninterruptable source of power and the Technical Specifications assure
continued availability during system operation as described above, this issue is, therefore, closed for the
System 80+ Standard Design.

20.2.12 Interlocks (md LCOs for Class 1E Tie Breakers

Issue

Generic Safety issue 049 addresses the possibility of compromising the isolation between the 4160 Volt
Class 1E buses. This issue specifically concerns the use of only one tie breaker to electrically isolate
redundant Class IE buses. The problem with having one tie breaker separating buses is that isolation
between redundant supplies is compromised upon closure due to inadvertent operator action or equipment
failure.

An additional issue raised in NUREG-0933 concerns the use ofinterlocks. As described in NUREG-0933,
interlocks should be provided to prevent the unintentional connection of redundant buses or emergency
sources.

Acceptance Criteria

The acceptance criteria for the resolution of GSI 049 are that the electrical systems, including the bus tie
breakers shall meet the intent of the guidance identified in Regulatory Guide 1.6 (Reference 1) and IEEE
Standard 308 in order to meet the requirements of 10 CFR 50 Appendix A (GDC 17), (Reference 2).

In addition, these systems shall be consistent with the recommendations identified in NUREG-0933 which
include:

1. Provide more than one tie breaker for each cross-connect between redundant Class IE buses,

2. If there is only one tie breaker between redundant buses, use a tie breaker only during shutdown
(when absolutely necessary),

3. Physically disengage each tie breaker and " rack-out" (withdraw) the breaker following each use,

4. " Red Tag" the breaker enclosure to require the breaker to be kept open, and

5. Incorporate Quality Assurance (QA) procedures to reconfirm that all breakers are " racked-out"
and " Red Tagged" prior to each plant startup.

Approvd Design Material Resokstion of Safetyissues Page 20.216



__ _ __ ._ _ __ _ __ _ _ _ _ _ _ . _ _ _ _ _ _ . .

:

System 80+ Design ControlDocument

,

O -
,

i

The System 80 + Standard Design, as described in Chapter 8.0, does not have direct manual or automatic
ties between the two Class 1E 4160 VAC power systems. Also, double breakers are provided to maintain |
iWe between the Class 1E and the Permanent Non-Safety 4160 VAC buses.

These breakers are provided for abnonnal scenarios such as Loss-Of-Offsite Power and Station Blackout2

when it is necessary to isolate the Division I & II 4160 VAC buses from the Permanent Non-safety buses.
The Reserve Auxiliary Transformers are capable of supplying power to their respective safety divisions
only, thereby =mintainine required !adaaendence. No single failure can prevent operation of the minimum

,

number of required safety loads. (See Sections 8.3.1.2.1, 8.3.1.2.3 and 8.3.1.2.5 for a discussion of j
. '

compliance). Operating and Quality Assurance procedures governing the engagement / disengagement of-
the tie breakers are the responsibility of the Owner-operator. The electrical systems meet the intent of
the guidelines identified in Regulatory Guide 1.6 and IEEE Standard 308. As required by 10 CFR 50, j

Appendix A (GDC 17), the design of the power systems provides independence and redundancy to ensure
an available source of power to'the Engineered Safety Feature systems. Since the guidance and

'

,

requirements are met, this issue is resolved for the System 80+ Standard Design.'

I
|References
|

1. Regulatory Guide 1.6, "Indepeadance Between Redundant Standby (Onsite) Power Sources and 1'

Between Their Distribution Systems," U.S. Nuclear Regulatory Commission. |
;

2

2. 10 CFR 50 Appendix A, '' General Design Criteria."

20.2.13 Improving the Reliability of Open Cycle Service Water Systems

Issue

Generic Safety Issue 051 identified the susceptibility of the Station Service Water System (SSWS) to-

fouling which leads to plant shutdowns and reduced power operation for repairs.
|*

The SSWS cools the Component Cooling Water System (CCWS) through the Component Cooling Water
1'

Heat Exchangers and rejects the heat to the ultimate heat sink during normal, transient, and accident
conditions. The CCWS in turn provides cooling water to those safety-related components necessary to

i achieve a safe reactor shutdown, as well as to various non-safety reactor auxiliary components.
!'

! Acceptance Criteria

The acceptance criterion for the resolution of GSI 051 is that the design of the SSWS shall mininuze the {
potential for fouling of the piping and heat exchangers. This minimization is achievable by: (1) reducing )
the number of components which are directly cooled by the SSWS; (2) employing site-specific corrosion-

'

resistant materials and filtration systems which are consistent with the site water chemistry and treatment;
(3) using heat exchangers with an enhanced thermal margin.

1

Resolution
|

- The System 80+ Standard Design SSWS and CCWS are described in, Sections 9.2.1 and 9.2.2. The j
.

' SSWS is designed to serve one Nuclear Steam Supply System (NSSS), and each NSSS on a multi-unit" ;

site will have its own SSWS.

;,
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The System 80+ Standard Design features a SSWS which cools only the CCWS heat exchangers. Thus
the number of components and amount of piping that can become fouled is minimized (see Section
9.2.1.2). The CCWS is utilized as an intermediate system between the SSWS and the safety-related and
other components being cooled (see Figure 9.2.2-1). The CCWS is filled with demineralized water and
treated with corrosion inhibitors. Water quality design parameters applicable to the CCWS are given in

Table 9.2.21.

To minimize fouling of the CCWS heat exchangers and the SSWS piping, prevent flow blockage and
facilitate the maintenance of clean conditions, the following SSWS design features are provided, or

required:

1. The SSWS pump structures must be equipped with safety-grade traveling screens with a screen
wash system. The screen mesh size must prevent flow blockage of the pump inlets, and limit
ingestion of biofouling, organics, and debris. (see Section 9.2.1.2.1.4)

2. Strainers are provided at the SSWS pump discharges. The strainers are of the automatic
backwash type and are designed to retain particles consistent with the fouling design limits of the
component cooling water heat exchangers (see Section 9.2.1.2.1.5)

3. When required by the site-specific water chemistry and environmental regulations, the ultimate
heat sink water must be chemically treated to reduce organic and non-organic fouling, corrosion,
scaling, and to keep mud and silt in suspension. (see Section 9.2.5.2)

4. The station service water intake will be visually inspected, once per refueling cycle, for
macroscopic biological fouling organisms, sediment, and corrosion. Inspections should be
performed either by scuba divers or by dewatering the intake structure or by comparable
methods. Any fouling accumulations should be removed. (see Section 9.2.1.4.2)

5. Samples of water and substrate will be collected annually to determine if biological fouling
organisms have populated the water source. Upon the detection of biological fouling organisms,
appropriate corrective action, such as the modification of the chemical treatment program, should
be taken. However, consideration must be given to environmental regulations. (see Section I

9.2.5.4)
l

6. The capability to clean SSWS surfaces is provided. (see Section 9.2.1.3)
|
'

7. The CCWS heat exchangers are either of the tube and shell or plate and frame design, dependent
upon site selection (see Section 9.2.2.2.1.1). SSWS water flow is through the tube side of
CCWS shell and tube heat exchangers and at a lower pressure than the CCWS to prevent
contamination of the CCWS by in-leakage of SSWS water. In addition, the nominal flow
conditions in CCWS heat exchanger tubes are in accordance with Heat Exchanger Institute
standards for power plant heat exchangers.

8. Adequate tube pull space is provided for periodic tube cleaning of the straight tube type CCWS
heat exchangers. |

|

9. The CCWS heat exchangers have an appropriate thermal performance margin to allow for |
potential fouling between cleaning operations (see Section 9.2.2.2.1.1). The thermalperformance |
can be verified using temporary instrumentation at test connections provided on each heat |
exchanger (see Sections 9.2.1.5 and 9.2.2.5).

'
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10. Wetted surfaces of the SSWS and CCWS are of materials selected on a site-specific basis to be

compatible with the respective cooling water chemistries and water treatments. The guidelines
used for the selection of CCWS heat exchanger tube and tubesheet materials are given in Section

9.2.2.2.1.1.

11. Sites at which ice formation of the ultimate heat sink could occur are to be analyzed to show that
the function of the ultimate heat sink will not be impaired during winter months. Where required,
the intake structures must be provided with a means of de-icing, such as warm water
recirculation, to prevent flow blockage of the SSWS pump inlets (see Section 9.2.5.1.3).

As described above, the System 80+ Standard Design SSWS and CCWS include many design features
which minimize the problems that certain plants have experienced with open cycle service water system
fouling or flow blockage due to mud, silt, ice, corrosion products or aquatic bivalves. Therefore, this
issue is resolved for the System 80+ Standard Design.

[[The COL applicant will make site-specific aspects of the resolution of this issue available for NRC staff

review (see Sections 9.2.1.4 and 9.2.5.4).]}2

20.2.14 Effects of Fire Protection Systems Actuation on Safety-Related Equipment

Issue

Generic Safety Issue 057 addresses the potential for safety-related equipment to become inoperable

f3 because of water spray from the fire protection system. IE Information Notice 83-41 (Reference 1)a

IV identified experiences in which actuation of fire suppression systems caused damage to safety-related
equipment.

Acceptance Criteria

The acceptance criteria for the resolution of GSI 057, is that the fire protection system be designed to
preclude damaging safety-related equipment and rendering the equipment inoperable. In addition, the fire
protection system shall be designed to meet 10 CFR 50 Appendix A (GDC 3)(Reference 2); which states
in part: " Fire detection and fighting systems of appropriate capacity and capability shall be provided and

,

designed to minimize the adverse effects of fires on structures, systems, and components important to
safety. Fire fighting systems shall be designed to assure that their rupture or inadvertent operation does
not significantly impair the safety capability of those structures, systems, and components."

r

Resolution

The System 80+ Standard Design is designed to preclude water spray from the fire protection system
onto safety-related equipment. The sprinkler systems protecting the safety-related equipment is of the
automatic sprinkler type. Actuation of these sprinkler systems requires the opening of the fusible link
sprinkler heads and detection by combustible-products and/or heat detectors, in addition, the operator
has the capability of isolating flow from the control room by isolating the Sub-sphere Building headers
or, locally by manual isolation valves.

O
2 COL information item; see DCD Intmduction Section 3.2.
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in order to prevent damage due to flooding upon actuation of sprinkler systems, floor drains are provided
and equipment is located to preclude the flooding of the equipment. To further reduce potential damage
to safety-related equipment upon actuation of sprinkler systems, equipment is shielded and conduit ends
are sealed where required based on interaction reviews during detailed design and as built walk-downs.

Since the Fire Protection systems are designed to preclude inadvertent actuation and thus minimize
damage to safety-related equipment and because these systems are designed in accordance with
10 CFR 50 Appendix A (GDC 3), this issue is resolved for the System 80+ Standard Design.

References

1. IE Information Notice 83-41; " Actuation of Fire Suppression System Causing Inoperability of
Safety-related Equipment."

2. 10 CFR 50 Appendix A, * General Design Criteria."

20.2.15 Identification of Protection System Instrument Sensing Lines

Issue

Generic Safety issue 064 addresses the establishment of guidance for the identification of the mechanical
sensing lines which interface with safety-related instrumentation and controls systems.

Sensing lines are an integral part of the safety-related (protection) systems, and are essential to their
reliable operation. Therefore, identification of these lines facilitates verification that these lines are ,

appropriately separated and protected. |

Industry has also developed a standard for safety-related instrument sensing lines, ISA-S67.02 (Reference
1), which includes identification criteria. As part of establishing its guidance for safety-related instrument
sensing lines, the NRC endorsed ISA-S67.02 in Regulatory Guide 1.151 (Reference 2).

Acceptance Criteria

The acceptance criteria for the resolution of GSI 064 are that sensing lines that interface with safety-
related instrumentation and controls shall be identified in accordance with ISA-S67.02 and meet the
intent of the guidance provided in Regulatory Guide 1.151. Specifically, the instmmentation sensing lines (
shall meet Section 5.3 of the ISA Standard. Section 5.3, in part, states that the instrument sensing lines
related to safety-related instrumentation will be identified and color coded.

I

|Resolution

The System 80+ Standard Design includes safe related instrumentation and controls that use mechanical
sensing lines. These sensing lines are identified and color coded in accordance with Regulatory Guide ;

1.151 (see Section 7.1.2.31). In addition, the guidance identified in Regulatory Guides 1.151 and 1.75
is imposed as design criteria for the routing of Class IE (safety-related) and associated cabling and
sensing lines from sensors.

Since the System 80+ safety-related instmmentation and controls (including the sensing lines) meet the |

criteria given in ISA-S67.02 as invoked by the guidance given in Regulatory Guide 1.151, this issue is ;

resolved for the System 80+ Standard Design. |
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G
/ 1 Referwnces
V

1. Standard ISA-S67.02-1980, " Nuclear Safety-Related Instrument Sensing Line Piping And Tubing
Standards For Use In Nuclear Power Plants," Instrument Society of America, February 17,1983.

2. Regulatory Guide 1.151, " Instrument Sensing Lines," U.S. Nuclear Regulatory Commission, July
1983.

20.2.16 Steam Generator Requirements

Issue -

Generic Safety Issue 066 addresses the potential for and the safety implications of steam generator tube
ruptures (SGTR) in PWR's. Unplanned radioactive effluent releases to the environment and loss of
primary coolant inventory as a result of a SGTR are also addressed.

:

PWR steam generator tube degradation can lead to leaks and/or ruptures. Various forms of steam
generator tube degradation have been identified, including: stress corrosion cracking, wastage,
intergranular attack, denting, erosion-corrosion, corrosion cracking, pitting, fretting, support plate
degradation, arx1 mechanical wear (e.g., vibration fretting) as described in NUREG-0844 (Reference 1).

Acceptance Criteria

p The acceptance criterion for the resolution of GSI 066 is that the secondary system including the steam
(,) generators and condenser shall be designed, manufactured, tested, inspected, and operated in accordance

with accepted industry codes and standards.

The steam generators shall meet the requirements of Sections III and XI of the ASME B&PV Code for
design, manufacture, test, and inspection. Also, steam generator design shall meet the intent of the ;

guidance given in SRP Sections 5.4.2.1, Rev. 2 and 5.4.2.2, Rev.1 (Reference 2) for steam generator
~

materials, quality assurance, inservice tube inspection, and secondary side water chemistry.

Resolution

The System 80+ Standard Design specifies a variety of accepted industry codes and standards to assure
the integrity of both the steam generators and the main condenser. In addition, stringent secondary
condensate and feedwater chemistry requirements are employed to maintain steam generator and
condenser integrity during operation.

The steam generators and condensers are designed to meet accepted industry codes and standards
including the specific requirements of the ASME B&PV Code Sections III and XI and the Heat Exchanger
Institute Standards as identified in Sections 5.4.2 and 10.4.1.2.

'

Section 5.4.2.4.1 describes the materials used for the System 80+ steam generator tubes; Section 5.4.2.4
describes the materials for the remainder of the generator components. Steam generator test and
inspection criteria are discussed in Section 5.4.2.5. Also, steam generator secondary side water
chemistry is discu: sed in Section 10.3.5.

Ob In summary, the secondary system, including the steam generators and condenser, meets the requirements
specified in accepted Mdustry codes and standards. In addition, steam generator materials and secondary !

l

?wi Dee&n hteterifel Meeodwaion of Safety hsues Pope 20.2,21



I

Syctem 80+ Design ControlDocument

,

side water chemistry meet the intent of the guidance given in SRP Section 5.4.2. Therefore, this issue i

is resolved for the System 80+ Standard Design. I

l

References

1. NUREG-0844, "NRC Integrated Program for the Resolution of Unresolved Safety issues A-3,
A-4, and A-5 Regarding Steam Generator Tube Integrity," U.S. Nuclear Regulatory Commission, 1

September 1988. j
|

2. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear j
Power Plants - LWR Edition," U.S. Nuclear Regulatory Commission.

'

20.2.17 Improved Accident Monitoring j

Issue
|

GSI 67.3.3 called for the staff to address the accident monitoring weaknesses of the type obsened at |
Ginna by implementation of Regulatory Guide 1.97 and the Safety Parameter Display System (SPDS).

During the event at Ginna, several weaknesses in accident monitoring were apparent. These include:
(1) non-redundant monitoring of RCS pressure; (2) failure of the position indication for the steam ;

generator relief and safety valves; and (3) the limited range of the charging pump flow indicator for
monitoring charging flow during accidents. These conditions make it rnore difficult for correct operator
action in response to such events.

Acceptance Criteria

llad Regulatory Guide 1.97 been implemented at Ginna before the January 1982 event, the monitoring ;

of the event would have been substantially improved and there would have been more assurance of )
correct operator actions. Improved accident monitoring would also have improved the NRC's ability to ,

assess the plant status and the appropriateness of the licensee's actions and recommendations. |
|

Resolution j

System 80+ accident monitoring instrumentation is described in Section 7.5, and complies with
Regulatory Guide 1.97. This issue is, therefore, resolved for the System 80+ design.

20.2.18 PORV and Block Valve Reliability

Issue ,

.

PORVs and block valves, the subject of GSI 70, were originally designed as non-safety components in
the reactor pressure control system for use only when plants are in operation. The block valves were
installed because of expected leakage from the PORVs. Neither the PORVs nor the block valves were
required to safely shut down a plant or mitigate the consequences of accidents. In 1983, the NRC
Reactor Systems Branch determined that PORVs are relied upon to mitigate a design basis SGTR. j
However, the acceptability of relying on non-safety grade PORVs to mitigate a design basis accident !

(e.g., an SGTR) was questioned by the RSB. This issue was identified in a NRR/DL memorandum that |

addressed improving the reliability of PORVs and block valves.
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r NUREG-0737, Jtem II.D.1, set forth functional requirements for both PORVs and block valves. All !

plants were required to demonstrate the functionability of these valves for all expected flow conditions i

j during operating and accident conditions. It was further required that the block valves be capable of l
closing to ensure that a stuck-open relief valve can be isolated, thereby terminating a small LOCA. In .

'

.
response to the item II.D.1 requirements, PORVs were tested extensively by EPRI and the results

{ reported to the staff. Only limited block valve testing had been performed in the EPRI program at the'
'

- time this issue was evaluated. Reports describing the test program results were submitted to the staff for ;

; review.- Most plants requested exemptions to the specified completion date for Item II.D.1 in order to q

obtain additional time for the required evaluation of piping associated with safety valves, PORVs, and-_ ,

block valves.
!'

| Acceptance Criteria j
t<

Resolution of this issue could involve specification of the PORV/ block-valve combination to some or all !"

of the requirements associated with safety grade systems, better initial qualifications for the valves, and j
'

specified maintenance and testing requirements. The need for an automatic actuating circuit for the
' motor-operated block valve with manual override and reset capabilities was evaluated and determined i

unnecessary as a singular requirement. Any program initiated to improve PORV/ block-valve system i

reliability should take into consideration the Item II.K.3(2) conclusions and the basis and criteria for the |

conclusions. This analysis includes implementation of an automatic PORV isolation system to gage the ;
9

potential benefits this modification could provide if combined with other reliability improvement<

measures,
i

!!- Resolution
t

The System 80+ design does not include PORVs and their block valves. Instead, System 80+ includes ;

a safety-grade Safety Depressurir.ation System which is manually operated from the control room (See !

. Section 6.7). The Safety Depressurization System has two trains and includes two block valves in each ;'

train.- There is no automatic operation of this system. This issue is, therefore, resolved for the System - |i

80+ design. :

20.2.19 Generic Implications of ATWS Events at the Salem Nuclear Plant

j:Issue
i
'

GSI-75 resulted after Salem 1, on two occasions in February,1983, failed to scram automatically due
to failure of both reactor trip breakers to open on receipt of an actuation signal. In both cases, the unit i

,

was successfully tripped by manual action. The failure of the breakers was attributed to excessive wear !,

from improper maintenance of the undervoltage (UV) relays which receive the trip signal from the :
''

protection system and result in the breakers opening mechanically.
i

Three separate NRC actions were initiated to address this problem. One was plant-specific and was !

addressed before the restart of Salem 1; this was completed in the " Salem Restart Evaluation." The ;

second action was an investigation into the Salem events and the circumstances leading to them; this was ;
",

reported in NUREG-0977. The third action was the formation of an NRC task force to study the overall !

generic implications of this event; the results of this study were reported in NUREG-1000. In addition, |
a amaber of issues raised by the staff were closely related to the design and testing of the reactor ,

protection system. |
'

i'

!
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Failure to scram (also commonly referred to as ATWS) could rupture the RCS or distort ECCS valves
such that a core-melt would result (see USI A-9, "ATWS").

Acceptance Criteria

As a result of its work, the Salem Generic Implications Task Force published its findings in
NUREG-1000, Volume 1, and later outlined proposed actions for licensees, applicants, and the NRC staff
in SECY-83-248. NRC issued the required actions for licensees and applicants in Generic Letter 83-28
on July 8,1983. Both the required actions of Generic Letter 83-28 and the internal staff actions were
published in August 1983 as NUREG-1000, Volume 2.

AEOD also reviewed the Salem event and published AEOD/P301, which focused on two issues: (1) the
adequacy of NRC's reporting requirements, and (2) the potential for trends and patterns analyses to
predict such events before they occur. Based on the conclusions of this report, a number of actions were
planned by AEOD. In addition, the report endorsed a number of the other planned actions. NRR
reviewed the final report and endorsed the AEOD planned actions. NRR also concluded that the generic
letter addressed the safety issues which were of mutual concern. With respect to the related issues, the
staff reviewed the design of the reset for a valid protection system signal and concluded that the existing
design was acceptable.

>

Resolution

The System 80+ design addresses the ATWS Rule (10 CFR 50.62) as summarized in the resolution for
USI A-9. This issue is, therefore, resolved for the System 80+ design.

20.2.20 Monitoring of Fatigue Transient Limits for Reactor Coolant System

Issue

GSI 78 concerns fatigue limits resulting from transients that could affect the expected useful life of the
reactor coolant system pressure boundary. Technical Specifications (TS) for newer OLs require licensees
to keep account of the number of transient occurrences to ensure that transient limits, based on design
assumptions, are not exceeded. liowever, a number of older plants for which detailed fatigue analyses
were performed on ASME Section Ill, Code Class 1 (reactor coolant pressure boundary) components do
not have TS requirements for monitoring actual transient occurrences.

These transients could significantly affect the fatigue life of the RCS. This issue originated as Multi-plant
action item B-70, but a letter to licensees was never issued for the collection of information.

Repeated thermal cycling of RCS components produces some degree of fatigue degradation of the
materials, which could lead to failure, thereby increasing the likelihood of a LOCA.

Acceptance Criteria
|

A possible solution is to require the affected plants to implement TS to monitor plant transients and to
verify that the design life of all ASME Secdon III, Code Class I components have not been
exceeded. Plants that have experienced transient events that exceeded design limits may find it necessary
to perform fatigue analyses to determine the number of remaining thermal cycles before fatigue limits are
exceeded.

I
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Resolution

The design and fatigue analysis of System 80+ components is described in Section 3.9.1, including a
conservative estimate of the transients expected over a 60 year plant life. Fatigue monitoring is performed
by the owner and this issue is, therefore, resolved for the System 80+ design.

20.2.21 Unanalyzed Reactor Vessel Thermal Stress During Natural Convection Cooldown

Issue

Generic Safety Issue 79 identified the potential for the stresses in the reactor vessel flange area or studs
to exceed the allowables during its design lifetime because of a previously unanalyzed thermal stress
introduced by the natural convection cooldown event.

A natural convection cooldown event occurred at the St. Lucie I nuclear power generating station.
During the course of this event, steam voiding occurred in the reactor vessel head area. Upon analysis,
concern was raised over previously unanalyzed reactor vessel thermal stresses. The concern focused on
the possible existence of an axial temperature gradient of 150'F to 200'F in the vessel flange and studs.

The safety concern arises because this event could produce thermal stresses in the flange area or in the
studs that may exceed the ASME B&PV, Section 111 Code (Reference 1) allowables when added to the
stresses already considered. Moreover, the cycling of these temperature gradients over the life of the
plant has the potential to cause a reduction in the fatigue margin of the vessel.

Acceptance Criteria

The acceptance criterion for the resolution of GS! 079 is that the design of the reactor pressure vessel
(including the head and studs) shall accommodate the thermal stresses caused by a natural convection
cooldown event. These thermal stresses, when added to stresses from events that are presently analyzed,

shall not exceed the stress limits specified in the ASME B&PV Code, Section III.

Resolution

Stress analyses were performed to determine the effects of a natural circulation cooldown event (similar
to that of the St. Lucie occurrence) on both the St Lucie '' class" reactor vessel and the System 80 " class"
reactor vessel. The analyses concluded that should natural circulation cooldown of the reactor coolant
system be required and should vessel head voiding subsequently occur, the resulting thermal stresses
would not cause any thermal, hydraulic, or fatigue damage to the reactor vessel and its integral
components over their design lifetime. The analyses showed that for an NCC event with 100 drain (void)
and fill cycles, the usage factor would be less than 0.0002 for the System 80 reactor vessel.

Furthermore, the System 80+ reactor vessel, which is designed to the ASME B&PV Code, Section III
(see Section 5.3), is essentially identical to the System 80 reactor vessel. Specifically, the vessels have
the same material composition and overall dimensions and are of similar geometry (with the exception
of the direct vessel injection nozzles) as described in Table 1.3-1, and Figure 3.9-9. Because the reactor

. vessels for both " classes" of plants are virtually the same and since the stress analyses consider the
materials, dimensions and geometry of the vessel, the analyses performed subsequent to the St. Lucie 1
event apply to the System 80+ reactor vessel.
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The fluid conditions in the reactor vessel upper head during draining and refilling for NCC are essentially
the same. In fact, the stresses on the System 80+ vessel may be less due to a lower initial hot leg and
reactor vessel upper head temperature than System 80.

Thirty (30) natural convection cooldown events are included in the System 80+ design bases for thermal,
hydraulic and fatigue analyses (see Table 3.9-1). These 30 events are applicable to the 60-year plant
design life. Even if all 30 events included the 100 vessel head drain-and-fill cycles described above, the
usage factor would be less than 0.006. The 30 natural convection cooldown events included in the
System 80+ design bases are considered conservative in light of the Generic Letter 92-02 statement that
NCC events occur infrequently.

In summary, the addition of the dynamic, thermal and fatigue effects of a natural convection cooldown
on the System 80+ reactor vessel does not result in the vessel stresses or fatigue usage factor exceeding
the allowable limits specified in the ASME B&PV Code, Section III. Therefore, this issue is resolved for
the System 80+ Standard Design.

References

1. American Society of Mechanical Engineers, Boiler & Pressure Vessel Code, Section III
(Nuclear).

20.2.22 Beyond Design Basis Accidents in Spent Fuel Pools

issue

Generic Safety issue 82 addresses the potential for a beyond-design-basis accident in which the water is
drained out of the spent fuel pool, allowing the Zircaloy fuel cladding to ignite and thus release fission
products from the spent fuel to the atmosphere. (The spent fuel pool is usually located outside the primary

containment.)

The risk of beyond-design-basis accidents in spent fuel pools was examined in WASH-1400 (Reference
1), where it was concluded that the risk was orders of magnitude below those involving the reactor core.
The issue has been re-examined by the NRC because of subsequent developments: the storage of spent
fuel at reactor sites in high density racks (instead of reprocessing); and laboratory studies indicating the
possibility of fire propagation between assemblies in an air cooled environment. The two developments
together provided the basis for a hypothesized accident scenario not previously considered.

After further NRC evaluation it was concluded that further reduction in the already very low risk from
the spent fuel pool accident would still leave a comparable risk due to core damage accidents, and
therefore, no additional requirements for the safe storage of spent fuel in the primary spent fuel storage
pool are warranted. This resolution by the NRC assumes that all current applicable requirements and
guidance have been met. The Regulatory Analysis for the resolution of GSI 082 is documented in
NUREG-1353 (Reference 2).

Acceptance Criteria

The acceptance criterion for the resolution of GSI-82 is that the design of the spent fuel pool, storage
racks, water cleanup and cooling system, and load handling equipment in the spent fuel pool area shall
meet applicable current requirements, consistent with the guidance of the Standard Review Plan (SRP)
Sections 9.1.2 through 9.1.5 and Regulatory Guide 1.13 (References 3 and 4). (Acceptance criteria for
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that portion of the fuel handling system that handles heavy loads (see SRP 9.1.5), i.e., loads which ji
exceed the combined weight of a fuel assembly and its handling device, are also provided in conjunction

L with Unresolved Safety Issue (USI) A-36, " Control of Heavy Loads Near Spent Fuel".) )

:

Resolution ].

! The System 80+ Standard Design includes a spent fuel wet storage facility, together with its associated
handling systems, that meets the intent of Regulatory Guide 1.13 (Reference 4) and conforms to the

,

. relevant requirements of GDC 2,4,5,44,45,46,61,62 and 63 (Reference 5). |

. The spent fuel pool and the re> rage racks are described in Section 9.1.2, the spent fuel pool cooling and -
'

cleanup system is described in Section 9.1.3, and the fuel handling system (which includes the equipment.

for handling heavy loads) is described in Section 9.1.4. (A more complete description of how the fuel ;

handling system conforms to acceptance criteria for the handling of heavy loads is provided in the
response to USl A-36.)

Since the acceptance criteria are met for the spent fuel storage facility, this issue is resolved for the
'

: System 80+ Standard Design.

'

References

l. WASH-1400, " Reactor Safety Study - An Assessment of Accident Risk in U.S. Commercial
'

Nuclear Power Plants," U.S. Nuclear Regulatory Commission, October 1975.

2. NUREG-1353, " Regulatory Analysis for the Resolution of Generic Issue 82, 'Beyond Design :

. Basis Accidents in Spent Fuel Pools' ," U.S. Nuclear Regulatory Commission, April 1989. |

I 3. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants, LWR Edition," U.S. Nuclear Regulatory Commission.

.

4. Regulatory Guide 1.13, " Design Objectives for Light-Water Reactor Spent Fuel Storage Facilities
at Nuclear Power Stations," U.S. Nuclear Regulatory Commission, Revision 2, December 1981. ;

5. 10 CFR Part 50 Appendix A, " General Design Criteria for Nuclear Power Plants." |
,

3

~

20.2.23 Control Room Habitability
.

'
Issue

Generic Safety issue 83 deals with ensuring that the control room design is adequate to preclude the loss
P of control room habitability following an accidental release of external airborne toxic or radioactive

material or smoke which could impair the control room operators' ability to safely control the reactor.
,

* Acceptance Cdteda ;4

i

. The acceptance criterion for the resolution of GSI 83 is to verify that the control room aesign is adequate>

.to prevent the loss of habitability of the control room during an accident. The design must meet the
'

intent of the guidance given in Standard Review Plan (SRP) Sections 6.4 Rev. 2 and 9.4.1 Rev. 2
''

e (Reference 1). The design must be in accordance with 10 CFR 50, Appendix A, General Design Criteria ;

(GDC) 2, 4, 5,19, and 60 (Reference 2). j
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Resolution

The System 80+ Standard Design main control room Habitability System is described in Sections 6.4
and 9.4.1 and the design bases are given in Section 6.4.1. The control room is a structure which is
important to safety and as such is designed to withstand the effects of natural phenomena (earthquakes,
hurricanes, etc.) and postulated accidents and missiles. The design is, therefore, specifically in
accordance with GDC 2 and 4 (see Sections 3.1.2 and 3.1.4). The System 80+ Standard Design is based
on non-shared systems (see Section 1.2.1.3) and therefore GDC 5 is met (see Section 3.1.5). The design
of the control room permits safe occupancy during abnormal conditions and meets the requirements of

GDC 19 (see Section 3.1.15).

The Control Room Ventilation and Air Conditioning Systems are designed for uninterrupted safe
occupancy of the control room during post accident shutdown in accordance with GDC 2,4,5,19 and 60
(see Section 9.4.1.1). Fire protection for the control room is provided by alarm systems and portable
fire extinguishers (see Section 6.4.1). The testing requirements for the Habitability System are identified
in Sections 6.4.4 and 9.4.1.4.

Since the control room design prevents the loss of control room habitability during accident conditions,
and since all of the NRC requirements and guidance are met, this issue is resolved for the System 80+

t

Standard Design.

References

1. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants - LWR Edition," U.S. Nuclear Regulatory Commission.

2. 10 CFR 50 Appendix A, " General Design Criteria for Nuclear Power Plants."

20.2.24 Failure of HPCI Steam Line Without Isolation

Issue

The HPCI steam supply line (in BWRs) has two containment isolation valves in series: one inside and
one outside of the containment. Both are normally open in most plants; however, two plants were found
to operate with the HPCI outboard isolation valve normally closed. A HPCI supply valve, located
adjacent to the turbine, and the turbine stop valve are normally closed. Generic Safety Issue 087
concerns a postulated break in the HPCI steam supply line and the uncertainty regarding the operability
of the HPCI steam supply line isolation valves under those conditions. A similar situation can occur in
the RWCU system which has two normally open containment isolation valves that must remain open if
the system is to function.

Acceptance Criteda

A proposed solution to the Hi Li problem was to require that the outboard HPCI isolation valve be
normally closed. However, a small bypass line on those plants not having this feature would be required
to prevent thermal shock and water hammer and to provide assurance that leaks in the line would be
detected before they become breaks. If the HPCI supply valve were kept normally open (currently it
is kept normally closed) the probability of not getting steam to the HPCI turbine when needed might not
be significantly changed.
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(") Another possible solution that would apply to valves in any system was a demonstration by test or the
verification of use in other service applications that certified the operability of the valve under line rupture
flow conditions. If the normalllPCI steam flow rate approximates that estimated for a break in the steam
line, the valves might be tested by individually closing them when the HPCI turbine is in operation.

Resolution

This issue originated on BWR designs. It is resolved for the System 80+ PWR design, because the
system 80+ design does not use steam to drive the high pressure safety injection pumps (they are
electrical motor driven). The issue of valve operability has been addressed in the System 80+ design
process and the testing program (See Section 3.9.6), which is consistent with NRC guidance in Generic

*

Letter 89-10.

20.2.25 Steam Binding of Auxiliary Feedwater Pumps

Issue

Generic Safety Issue 093 addresses the potential for a common mode failure of the Auxiliary or
Emergency Feedwater (EFW) System resulting from steam binding of the EFW pumps caused by back
leakage of main feedwater through check valves. The EFW system is used to provide water to the steam

,

generators in the event of a loss of the Main Feedwater (MFW) System.

The EFW system may be isolated from the MFW system by a check valve or one or more isolation
O valves (depending upon the specific design) to preclude hot main feedwater from entering the EFW

b system. Ilowever, operating experience has shown that check valves tend to leak, thus permitting hot
main feedwater to enter the EFW system. This hot feedwater can subsequently flash to steam in the EFW j
pumps and discharge lines resulting in steam binding of the pumps. ;

In addition, the EFW piping is sometimes arranged such that each EFW pump is connected through a
single check valve (which is used to prevent back leakage) to piping which is common to two or three ,

pumps. This arrangement creates the potential for common mode failures as the hot feedwater leaks back )
through the check val <es into other EFW pump (s).

Because of the NRC's concerns regarding steam binding a Generic Letter (GL) 88-03 (Reference 1) was
issued to the industry and is the final resolution to this issue. The purpose of the letter is to implement
monitoring and corrective procedures to minimize the likelihood of steam binding of the EFW system
pumps. One of the corrective actions to be taken is the monitoring of EFW pump discharge piping
tempeatures to ensure that the fluid temperatures remain at or n ar ambient.

Acceptance Criteria

The acceptance criteria for the resolution of GSI 93 are that the design of the EFW system shall be such i

that the potential for steam binding of the EFW pumps is minimized and that the FFW system shall meet
the intent of GL 88-03.

Resolution
,,

( The EFW syste.m in the System 80+ Standard Design includes two major independent " trains" with each !i

train aligned to supply its respective stearn generator. |

~
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Each major train, which consists of two subtrains (see Section 10.4.9), contains:

1. one emergency feedwater storage tank (EFWST),

2. a motor-driven and a steam 4 riven pump (each with a capacity of 500 GPM),

3. one flow control valve per subtrain,

4. one isolation valve per subtrain,

5. one check valve per subtrain,

6. a cavitating venturi, and

7. specified instrumentation.

The main defense against steam binding of the EFW Pumps results from the system design for normal

plant operation.

Although some plant systems operate with the flow control and the isolation valves open during normal
plant operation, the System 80+ Standard Design EFW system is designed to operate with the isolation
valves closed. The closed isolation valves act as a backup to the EFW line check valver, thus providing
redundant isolation of the EFW System from the MFW System. Section 10.4.9 states that the isolation
valve will be closed during normal plant operation. When a steam generator low le >el occurs, the
Emergency Feedwater Actuation Signal (EFAS) starts the EFW pumps (the motor and steam driven),
opens the isolation valves, and assures that the feedwater flow control valves are open, allowing EFW
flow to each steam generator.

Each EFW subtrain is separated from the other. Each subtrain has its own suction line from the EFWST,
its own discharge line through the steam generator isolation valve and check valve, and the pump
crossover lines contain redundant, locked closed isolation valves. Thus, the potential for common mode
failure of steam binding of all EFW pumps does not exist, should one set of steam generator isolation
and check valves leak. The EFW pump suction and recirculation lines are normally open so that, should
leakage of a steam generator isolation and check valve occur, any resulting steam can be vented through
the EFWST vent.

Associated instrumentation is provided for each train to assure adequate control and monitoring of the
EFW system. Temperature indicators are located between the flow control and motor-operated isolation
valves; taese provide a direct indication of the fluid temperature and audibly alarm in the control room
on high fluid temperature in the EFW system downstream of the EFW pumps. This alarm warns the
operator that leakage through the steam generator isolation valve and check valve is occurring.
Therefore, these sensors provide indication to the operator of the. potential of steam binding of the EFW
pumps.

In summary, the System 80+ Standard Design addresses steam binding of the EFW pumps in four ways.
First, each train is equipped with two normally-closed isolation valves, a motor-operated valve and a
check valve, thus redundant isolation of the EFW system from the main feedwater system and associated
steam generator is achieved. Second, each subtrain is separated from the other such that a leak of a
single set of valves does not affect all of the pumps.
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(q Third, temperature indicators in each EFW pump discharge line alert the plant operator should valve;
leakage be present. Finally, open lies pennit valve leakage to be vented through the EFWST vents."

Since the EFW System in the System 80+ Standard Design meets and exceeds the intent of GL 88-03,
this issue is resolved for the System 80+ Standard Design.

References

1. Generic Letter 88-03, " Steam Binding of Auxiliary Feedwater Pumps," U.S. Nuclear Regulatory
Commission.

20.2.26 Additional Low Temperature Overpressure Protection Issues for Light Water
Reactors

Issue

Generic Safety issue 094 addresses the establishment of additional guidance for Reactor Coolant System
(RCS) low temperature overpressure (LTOP) protection to assure reactor vessel and RCS integrity,
beyond the guidance for the provision of LTOP protection identified in the resolution of USI A-26. (USI
A-26 is considered resolved for the System 80+ Standard Design.)

Low temperature overpressurization was originally identified as a safety issue in the early 1970's because
of numerous incidents of plants exceeding pressure-temperature limits. The majority of these events

A occurred while in a water-solid condition, during startup or shutdown operations, and at relatively low

h reactor vessel temperatures.

Additional RCS overpressurization incidents have occurred since the implementation of USI A-26
guidelines by operating plants. Two events in particular, were severe enough to be identified as abnormal
occurrences. After a further study, the NRC concluded in NUREG-1326 (Reference 1) that LTOP
protection system unavailability is the dominant contributor to risk from low-temperature overpressure
transients, and that a substantial improvement in reliability can be achieved through improved
administrative restrictions on the LTOP protection system. Consideration was also given to requiring the
rystem to be safety-grade, but this was not found to be cost-effective for existing plants.

The recommended NRC resolution for GSI 094 is, therefore, to request a Technical Specification to
ensure that both LTOP protection system channels be operable to provide additional protection against
brittle vessel failure.

Acceptance Criteria

The acceptance criterion for the resolution of GSI 094 is to increase the protection of the reactor vessel
from brittle fracture resulting from low temperature overpressure operation of the RCS (e.g., during such
plant evolutions as heatup, coo'down, water solid, and maintenance operations).

Specifically, Limiting Conditions for Operation (LCOs) are identified to ensure the operability of both
LTOP protection system channels during plant evolutions requiring protection against reactor vessel brittle
failure.

,

V Furthermore, protection of the reactor vessel from brittle fracture would also consist of: (1) establishing
a conservative design basis for the relief valves for LTOP protection based upon the worst case mass and
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energy addition, (2) assuring that the flow paths to the LTOP relief valves are open when protection is
required, and (3) the use of improved materials and fabrication techniques for the reactor vessel.

Resolution

The System 80+ Standard Design addresses the integrity of the RCS under low temperature and pressure
conditions by focusing on the issues that impact RCS and reactor vessel integrity (i.e., relief valves,
limiting conditions for operation, reactor vessel materials, and vessel manufacturing techniques).

The System 80+ Standard Design includes a safety-grade Shutdown Cooling System (SCS). In addition
to providing a method of removing core decay heat, this system provides for overpressure protection of
the RCS at reduced temperatures (see Section 5.2.2.10) by providing a relief path during heatup and
cooldown through relief valves included in the SCS suction lines connected to the RCS. A design basis
for these relief valves is the anticipated worst case mass and energy addition to the RCS and the valves
are sized and adjusted to the appropriate setpoint(s). This practice ensures adequate overpressure
protection for the RCS at reduced temperatures. Also, a Technical Specification establishes an LCO for
the SCS, which ensures SCS operability, and LTOP protection system availability in accordance with the

recommendation of NUREG-1326.

In addition to ensure that the flow paths to the LTOP relief valves are open to the RCS when required,
the SCS contains alarms which warn the operator in the control room of a requirement for LTOP
protection so as to prevent inadvertent closure of the SCS isolation valves.

The reactor vessel itself is designed to be less sensitive to LTOP events. Since vessel material
embrittlement is of primary concern in assuring vessel integrity, the System 80+ vessci design
incorporates improved materials (see Section 5.2.3) to limit the need for LTOP protection. Fur.hermore,
the reactor vessel is designed to assure that the welds employed in the fabrication process are controlled
to avoid cracking and embrittlement from irradiation and reactor coolant water chemistry (see Section
5.2.3.3), thus enhancing its resis.tance to embrittlement and improving its tolerance to low temperature
and pressure overpressurization events. Also, a ring-forged manufacturing technique is specified to
eliminate vertical welds in the reactor core region (see Section 5.3).

In summary, prevention of vessel failure during low-temperature overpressure modes of operation is a
combination of design, manufacture and operating features. The System 80+ Standard Design employs
features like SCS relief valves, limiting conditions for operation, and advanced reactor vessel materials
and fabrication techniques to assure continuous vessel integrity over the 60-year plant design lifetime.
Since reliable LTOP protection for the RCS and reactor vessel is assured for the reasons described above,
this issue is resolved for the System 80+ Standard Design.

References

1. NUREG-1326, " Regulatory Analysis for the Resolution of Generic issue 94 - Additional Low-
Temperature Overpressure Protection for Light Water Reactors," U.S. Nuclear Regulatory

1Commission, December 1989.
I
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) 20.2.27 Loss of RHR Capability in PWRs
J

Issue
,

Generic Safety Issue 099 is concerned with the loss of residual heat removal (RHR) capability in ,

pressurized water reactors during cold-plant outage operations.
i

Operating plants have experienced two principal kinds 'of loss of RHR capability during shutdown. The
first, and potentially the more serious, occurred during mid-loop operation, i.e., when the water in the -

reactor coolant system (RCS) had been lowered for maintenance purposes below the top of the hot legs.
This level is very close to that at which vortices begin to form at the RHR system suction connections j

in the hot leg piping and the RHR system rapidly becomes air bound. In one event, described in i

NUREG-1269 (Reference 1), the existing reactor vessel water level instrumentation proved too insensitive
to detect reliably an inadvertent approach to the vortexing level, and RHR capability was substantially

'
lost by the time the plant operators realized what had happened. The RCS became slightly pressurized
due to boiling in the core before the operators were able to eliminate air from the RHR system and !

restore its cape. city. Radioactivity levels in the containment increased at a ti ne when it was open for
maintenance. Subsequent analyses of this type of event, taking into accou..t maintenance activities
typically occurring during mid-loop operation (sr.h as reactor coolant pump seal replacement), indicated ,

the potential for more serious consequences such as core uncovery in a short time, or pressurization of i
"

the RCS sufficient to blow out steam generator nozzle dams.

The second principal cause of loss of RHR capability affected a number of plants having an autoclosure
interlock for the RHR suction isolation valves, which are intended to protect the RHR system from RCS
pressure during operation at power. Correct operation of the interlock causes the valves to close when
the RCS pressure increases above the design pressure of the RHR system. NSAC-52 (Reference 2) ;

reported on a considerable number of events that involved loss of RHR flow during cooldown, due to'

inadvertent actuation of the isolation valve autoclosure interlock. However in all cases but one, operators

successfully reopened the valves immediately, and for this reason the NRC considers this type of event
,.
~

of somewhat less concern than air binding of the RHR system. j

Based on the above considerations and the loss-of-RHR event reported in NUREG-1269, the NRC issued
Generic Letter (GL) 88-17 (Reference 3) containing recommendations for irnproved instrumentation,

;

controls, operating procedures, and administrative procedures to minimize the risk of loss of RCS cooling
4 in cold shutdown.

Acceptance Criteria
,

.
The acceptance criterion for the resolution of GSI 099 in the design of future plants is implementation

| of the design-related improvements recommended in GL 88-17, as summarized below.

1. The recommendations for equipment, which shall be highly reliable but not necessarily safety
grade, include: j

Two independent continuous RCS level indications whenever the RCS is in a reducede
inventory condition, i.e., the water level in the reactor vessel (RV) is more than three
feet below the RV flange,

,

At least two independent continuous core exit temperature measurements whenever the*

reactor vessel head is located on top of the vessel, ;

|
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Capability of continuously monitoring RHR system performance whenever a RHR system*

is being used for cooling the RCS,

Visible and audible indication of abnormal conditions in temperature, level and RHR*

performance.

Vent in RCS of size sufficient to prevent inadvertent overpressurization when both steam*

generator nozzle dams and the reactor vessel head are installed and a loss of RHR occurs,

Availability of at least one high pressure safety injection pump and one other system to*

add water to the RCS to mitigate loss of RHR or RCS inventory should it occur,

Adequate equipment for personnel communications that involve activities related to the*

RCS or systems necessary to maintain the RCS in a stable and controlled condition, and

Consideration of eliminating autoclosure interlock for RHR suction isolation valves.*

2. Other recommendations include:

Analyses to provide a complete understanding of NSSS behavior under non-power*

operation, as a basis for procedure development and instrumentation installation,

Operating procedures that cover reduced inventory operation and provide an adequate*

basis for entry into a reduced inventory conditions.

Administrative procedures that restrict maintenance operations that might perturb the RCS*

while in reduced inventory conditions, and

Ensuring plant technical specifications do not conflict with requirements for non-power*

reduced inventory operation.

Resolution

in accordance with the recommendations of GL 88-17, the System 80+ Standard Design includes the
following features to facilitate reduced inventory operations. The equipment and instrumentation are
highly reliable and are described with the Shutdown Cooling System (SCS) in Section 5.4.7 except where
otherwise noted.

Two independent means are provided for continuous RCS water level measurement.*

Two independent means are provided for the continuous measurement of core exit temperature.*

Each of the above level and temperature measurerrrit instruments provides indication and alarm*

in the control room. Each instrument of an independent pair has its own separate power supply.

* Additional instrumentation, indication, and alarms sufficient to enable operators in the control
room to monitor the SCS continuously when it is being used for cooling the RCS (such as SCS
pump suction pressure and motor current, vortex monitoring equipment, and SCS flow) and act
promptly if necessary to preclude SCS performance degradation. -
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Instrumentation measurement and alarm signals in the control room are handled by the* -

Nuplex 80+ Discrete Indication and Alarm System and Data Processing System as described in
i . Sections 7.7.1.4, 7.7.1.7 and 18.7. j

Plant communication systems are described in Section 9.5.2. The system normally used for plant
t

shutdown operation and maintenance is the Intraplant Sound-Powered Telephone System. Phone >

; jacks connect specific areas of the plant and the control room, and the system is powered from j

diesel-backed power sources. The communications panel in the control room is described in !

Section 18.7.4.13.
: !
J l

Redundant vent lines are provided between the pressurizer and the in-containment refueling water ;e
storage tank to prevent significant pressurization of the RCS if boiling occurs with the steam

- generator nozzle dams installed. t

e The SCS suction isolation valves do not have an auto-closure interlock. As described in Section !'

! 7.6.1.1.1, the valves are interlocked to prevent them from being opened if the RCS pressure has
not decreased to an acceptable value. The interlocks are redmxiant so that no single failure can ,

i prevent the operator from aligning the valves in at least one SCS inlet line after RCS pressure ;

requirements have been satisfied.
'

The plant design is such that both a high pressure safety injection pump and another means could
'

*

be available during cold shutdown to add water to the RCS to mitigate loss of RHR capability -

or RCS inventory if needed. ,

4

; in addition to the design features previously described, midloop operation heatup analyses are performed
to provide a basis for operating procedure guidelines. These include the relationships between time after*

shutdown and decay heat, RCS heatup rate and boil-off rate. Guidelines are provided for reduced
inventory operating and administrative procedures, including verifying availability of equipment, avoiding
concurrent operations that perturb the RCS, and initiation of containment isolation upon detection of the
loss of RHR. Instrumentation used during SCS operation with reduced RCS inventory is described in
Section 5.4.7.2.2.

Since the foregoing design features and guidelines for operations with reduced RCS inventory meet the
intent of the recommendations in GL 88-17, this issue is resolved for the System 80+ Standard Design.

References

1. NUREG-1260, " Loss of Residual Heat Removal System, Diablo Canyon Unit 2, April 10,1987 "
U.S. Nuclear Regulatory Commission, June 1987.

2. .NSAC-52, " Residual Heat Removal Experience Review and Safety Analysis; Pressurized Water
Reactor," Nuclear Safety Analysis Center, January 1983.

3. Generic Letter No. 88-17, " Loss of Decay Heat Removal," U.S. Nuclear Regulatory
Commission, October 1988.
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20.2.28 Design for Probable Maximum Precipitation

Issue

Generic Safety Issue 103 addresses the accepted methodology used for determining the design flood level
for a particular reactor plant site. Accurate determination of the design flood level for a specific reactor
site is necessary in order to ensure adequate protection of safety-related equipment against possible site
flooding. Reactor plant sites are designed to accommodate maximum flood level because flooding could
disable safety-related equipment. Historically, estimating design flood levels for specific reactor plant sites
has been based upon input data for the probable maximum flood provided by the U.S. Army Corp. of
Engineers for the specific site. The guidance identified in the Standard Review Plan (SRP)
Sections 2.4.2, Rev. 3, and 2.4.3, Rev. 3 (Reference 1) is used in predicting design flood levels. Further,
general requirements are defined in General Design Criteria (GDC 2) (Reference 2). The SRP's state that
" design basis flood levels" incorporate the most severe historical environmental data with " sufficient
margin". What is considered to be " sufficient margin" and procedures for estimating the probable
maximum flood are identified in Regulatory Guides 1.59 and 1.102, and ANSI /ANS 2.8 (References 3,

4 and 5).

Acceptance Criteria

The acceptance criterion for the resolution of GSI 103 is that the site chosen for a commercial nuclear
generating facility shall be designed to accommodate a maximum expected flood from precipitation
without jeopardizing the safe operation of the facility, in accordance with the guidance given in
SRP 2.4.2, Rev. 3 and SRP 2.4.3, Rev. 3. Also, the facility design, including structures, systems, and
components important to safety, shall meet the criteria specified in 10 CFR 50 Appendix A (GDC 2).

Resolution

The System 80+ Standard Design is designed to meet the requirements of GDC 2 as described in Section
3.1.2. The System 80+ Standard Design is based upon a set of assumed site-related parameters. These
parameters were selected to envelope most potential nuclear power plam sites in the United States. A
summary of the assumed site design parameters, including maximum flood level, is given in Table 2.0-1.

[[ Detailed site characteristics based upon historical site specific environmental data will be provided by
the COL applicant for any specific application. The COL applicant will review and evaluate these
characteristics for compliance with the enveloping assumptions of Table 2.0-1 (see Section 2.0).]]'

System 80+ Standard Design is designed in accordance with GDC 2 for the most severe expected
environmental conditions, including flooding, tornado, hurricane etc., and meets the intent of SRP Section
2.4.2, Rev. 3, and SRP Section 2.4.3, Rev. 3 with respect to plant design. Therefore, this issue is
resolved for the System 80+ Standard Design.

References

1. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants- LWR Edition," U.S. Nuclear Regulatory Commission.

O
I COL information item; see DCD Introduction Section 3.2.
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A 2. 10 CFR 50 Appendix A, " General Design Criteria for Nuclear Power Plants," Office of theg
Federal Register, National Archives and Records Administration.

3. Regulatory Guide 1.59, " Design Basis Floods for Nuclear Power Plants," U.S. Nuclear
Regulatory Commission, August 1977. )

4. Regulatory Guide 1.102, " Flood Protection for Nuclear Power Plants," U.S. Nuclear Regulstory
Commission, September 1976.

5. ANSI /ANS 2.8, " Standard for Determining Design Basis Flooding at Power Reactor Sites," i

American Nuclear Society. i

20.2.29 Interfacmg Systeens LOCA at LWRs

issue !

'

Generic Safety Issue 105 addresses reducing the risk of loss of primary coolant outside the containment
via a system which connects with the reactor coolant system (RCS).

The interfacing system LOCA (ISLOCA) is presumed to result from exposing low pressure piping (design
pressure 400-700 psi) of the interfacing system to high primary system pressure (about 2250 psi). The ;

initial plant response to an ISLOCA is the saine as the response to an equivalent sized LOCA inside
'

containment. However, RCS inventory is discharged outside containment and is not returned to the
containment sump for recirculation. In addition, an ISLOCA will provide a path, which bypasses the

( containment, for release of radioactive materials.

The NRC used probabilistic risk assessment (PRA) analysis in NUREG/CR-5102 (Reference 1) to
evaluate three older operating pressurized water reactors for the effectiveness of proposed requirement

; changes in reducing the risk of an interfacing system LOCA, and for calculating the contribution of the
ISLOCA to the overall core damage frequency estimate.

Acceptance Criteria
,

The acceptance criterion for the resolution of GSI 105 is that the arrangement and design of systems that
interconnect with the RCS and also extend beyond the containment shall be designed so that all of the<

i following conditions are satisfied without any operator action:
.

The system retains its structural integrity throughout an ISLOCA event (structural integrity is[ e
preserved if, by definition, the system maintains its pressure boundary despite distortion and/or

,

; loss of function);

I * Any leakage caused by an ISLOCA event is limited to the makeup system capabilities; and

Offsite doses are limited to a small fraction of those specified in 10 CFR 100 as ic assumed in-*
the design bases for the Chapter 15 analyses.

Resolution

.O Interfacing system LOCAs are addressed in the System 80+ Standard Design via design features and by
evaluation of the potential leakage paths. Analyses of previous designs have identified several potential
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paths (interfacing piping of all sizes) for an ISLOCA, with the most significant being the suction lines
of the Shutdown Cooling System and the injection lines of the Low Pressure Safety Injection System.
To minimize the possibility of an ISLOCA outside the containment building, design improvements have
been incorporated in the System 80+ Standard Design. These improvements are presented in Appendix
SE.

References

1. NUREG/CR-5102, " Interfacing Systems LOCA: Pressurized Water Reactors," U.S. Nuclear
Regulatory Commission.

20.2.30 Piping and the Use of Combustible Gases in Vital Areas

Issue

Generic Safety issue 106 addresses the issue of combustible gases accumulating in buildings containing
safety-related equipment. Except for hydrogen, most combustible gases are used in limited quantities and
for relatively short periods of time. Hydrogen is stored in high p'ressure storage vessels and supplied to
various systems in the Auxiliary Systems Building through small diameter pipe. A leak or break in this
pipe could result in a combustible or explosive mixture of air and hydrogen posing a potential loss of
safety-related equipment.

SRP Section 9.5.1 (Reference 1) addresses this concern for plants under construction and new plant
designs.

Acceptance Criteria

The acceptance criterion for the resolution of GSI 106, is that the hydrogen and other combustible piping
be designed to preclude large releases and accumulation of combustible or explosive gases in buildings
which enclose safety-related equipment. This can be accomplished either by designing piping to preclude
failure or providing means to limit the amount of hydrogen leakage in the event of a pipe rupture.
Iurther, in consideration of the above, the designer shall follow the guidance described in SRP
Section 9.5.1.

Resolution

The System 80+ Standard Design incorporates various Compressed Gas Systems as described in Section
9.5.10. The compressed gas systems provide a variety of gases (e.g., hydrogen and nitrogen) under i

pressure, for numerous plant operating applications including welding, equipment, instrumentation,
system purging, inerting and diluting. j

l
The systems typically consist of high pressure gas cylinders, pressure regulators and piping to distribute j
the gases throughout the plant. These non-safety-rela:ed compressed gas systems are designed to assure
that their failure does not jeopardize the operation of any safety-related system and/or component (see
Section 9.5.10.1). Further, the hydrogen compressed gas system is designed to be isolable and includes
a leak detection system. To further limit hydrogen accumulation to less than 2 percent concentration in
safety related areas of the plant, the hydrogen compressed gas system piping within those areas will j

either be sleeved with an outer pipe, will include excess flow shutoff valves, or will be designed to i

Seismic Category I requirements. This hydrogen piping will be installed in accordance with the guidance
given in SRP Section 9.5.1 (HTP CMEB 9.5-1, Reference 2) for limiting hydrogen accumulation (see
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Section 9.5.10.2). Generic Letter 93-06, Reference 3, documents NRC resolution of this GSL Since j

the non-safety-related compressed gases systems are designed so that their failure will not jeopardize
safety-related equipment, and the hydrogen and other combustible gas piping is designed to preclude large
releases and accumulation of combustible or explosive gases in buildings which enclose safety-related !

equipment, this issue is resolved for the System 80+ Standard Design. .

:

References .,

1. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
*

Power Plants - LWR Edition," U. S. Nuclear Regulatory Commission. |

2 NUREG-0800 Branch Technical Position CMEB 9.5-1, "Guidelir:es for Fire Protection for
Nuclear Power Plants," U. S. Nuclear Regulatory Commission. :

3. Generic Letter 93-06, "Research Results on Generic Safety Issue 106, Piping and the Use of
Highly Combustible Gases in Vital Areas," October 25, 1993, U.S. Nuclear Regulatory
Commission.

.

20.2.31 Dynamic Qualification and Testing of Large Bore Hydraulic Snubbers

Issue

Generic Safety Issue 113 addresses the requirements for dynamic qualification testing or dynamic
surveillance testing of large bore hydraulic snubbers (> 50 kips rating) in operating plants.

The issue was raised because of the concern for the integrity of the steam generator lower support
structures when subject to a seismic event. However, the issue is applicable to all LWRs with
components, structures, and supports that rely on LBHS for seismic restraint and other dynamic loads
such as high energy line breaks and water hammers.

Acceptance Criteria

The acceptance criteria for the resolution of GSI-l13 is that the design, specification, installation and in-
service operability of LBHS must meet the intent of the draft regulatory Guide (SC-708-4) (Reference

2) and the recommendations in NUREG/CR-5416 (Reference 1).

Resolution

GSI-l13 is resolved for the System 80+ stands.rd design by:

* Testing of every valve for its operioility.

Dynamic testing of a qualification snubber for spring rate at the frequencies of concern for a*

representative load.

* Static testing of every snubber at full faulted load.

O
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flowever, dynamic testing will not be performed at full load due to limitations of testing facilities.
Assurance of snubber operability for the System 80+ Standard Design is provided by incorporating
analytical, design, installation, in-service, and verification criteria. The elements of snubber operability
assurance include:

1. Consideration of load cycles and travel that each snubber will experience during normal plant
operating conditions.

2. Verification that the thermal growth rates of the system do not exceed the required lock-up
velocity of the snubber.

3. Appropriate characterization of snubber mechanical properties in the analysis of the snubber-
supported system.

4. For engineered, large bore snubbers, issuance of a design specification to the snubber supplier,
describing the required structural and mechanical performance of the snubber with respect to:
activation level, release rate, spring rate, dead band, and drag. Subsequent verification will be
done to ensure that specified design and fabrication requirements were met.

Rod velocity at valve closure shall be tested on each snubber to confirm activation level.*

The release rate (bleed rate) of each snubber shall be tested statistiedly at full faulted*

load.

The spring rate of each snubber will be tested statically at full faulted load. Dynamic*

spring rate will be calculated based on dynamic test data of a similar qualification
snubber.

* Dead band will be included in the dynamic rate determination.

* Frictional resistance to movement (drag) will be verified by testing.

Dynamic faulted load testing will not be performed. Dynamic testing of large bore*

snubbers at full load is not practical due to limitations of testing facilities.

Dynamic tests shall be done at room temperature and at design temperature if practical,*

for a qualification unit.

6The application of at least 5 x 10 cycles of an axial vibration with a low amplitude is not*

appropriate for large bore snubbers used as major component supports and will not be
performed.

5. Verification that snubbers are properly installed and operable prior to plant operation, through
visual inspection and through measurement of thermal movements of snubber supported systems
during start-up tests.

O
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(]n 6. A snubber in-service inspection and testing program, which includes periodic maintenance and
visual inspection, inspection following a faulted event, a functional testing program, and a repair
or replacement of snubbers failing inspection or test criteria. In summary, dynunic qualification
testing of System 80+ Standard Design LBHS will meet the intent of the draft Regulatory Guide
(SC-708-4) and NUREG/CR-5416; this issue is, therefore, resolved for the System 80+ design.

References

1. NUREG/CR-5416, Technical Evaluation of Generic Issue 113: Dynamic Qualification and
Testing of Large Bore Hydraulic Snubbers,9/92.

2. Draft Regulatory Guide (SC-708-4), February 1981.

20.2.32 Tendon Anchor Head Failure

Issue

Generic Safety Issue 11S originated after, on January 27,1985, a dented and leaking tendon grease cap
was found during inspections at Farley Unit 2 prior to the integrated leak rate test of the prestressed
concrete containment structure. Subsequent detailed inspection revealed that three lower vertical tendon
anchor heads were broken. Several anchor heads were then removed from the vertical tendons and
magnetic particle testing revealed cracks in the ligaments between the holes in the back of the anchor f
heads. Metallurgical analysis of the anchor head material indicated that the failures had been caused by

/G hydrogen stress-cracking. There was evidence of corrosion caused by hydrogen generation from the

V anodic reaction of zinc and steel in the presence of water, since quantities of water ranging from a few
ounces to about 1.5 gallons were found in the grease caps; most of the water was found in the vertical |
tendon lower anchor grease caps. Concerns for the generic implications of the tendon anchor failure at

'

Farley Unit 2 resulted in the identification of this issue by NRR/DL.

Acceptance Criteria

A tendon inspection, repair, and surveillance program was initiated for both Farley Units 1 and 2. The
'licensee evaluated the containments and concluded that tN. "ructural integrity had been maintained

continuously for both units. Issuance of Regulatory Guides 1.s and 1.35.1 would provide guidance for
future plants.

Resolution

This issue is applicable to pre-stressed cer. rete containments. It is resolved for the System 80+ design,
because the steel containment does not use tendons. The structural adequacy of the System 80+
containment and its concrete shield building is addressed in Section 3.8.

20.2.33 Piping Rupture Requirements and Decoupling of Seismic and LOCA Loads

Issue

Generic Safety Issue 119.1 addresses the recommendations of the NRC Piping Review Committee (PRC)
on how the NRC should modify their requirements with respect to design loads on pipes in safety-relatedt;d systems and high-energy lines important to safety in new nuclear power plants. With respect to
postulated pipe breaks, the scope covers all high-energy lines. For GSI 119.1, the PRC recommended
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the utilization of Leak-Before-Break (LBB) technology in determining the need to consider the dynamic
effects of pipe breaks. The " limited scope" rule of General Design Criterion (GDC) 4, which existed
at the time of the recommendation, allowed the application of LBB on main coolant loop piping in
pressurized water reactors. Successful application of LBB to a piping system eliminated the need to
consider the dynamic effects of breaks in that pipe. The PRC recommended, and the NRC revised GDC
4 to define, a " broad scope" approach allowing the application of LBB to all high energy lines in nuclear
power plants. Revisions to Standard Review Plan (SRP) Sections 3.6.1 and 3.6.2 to implement the
" broad scope" rule and to eliminate postulation of arbitrary intermediate pipe breaks were promulgated.

An additional PRC recommendation to decouple SSE and pipe break loads in the mechanical design of

components and their suppotts, which would require a revision to SRP Section 3.9.3, has not yet been
accepted or implemented by the NRC.

Acceptance Criteria

The acceptance criterion for the resolution of GSI 119.1 is that the piping design shall be in accordance
with those recommendations of the PRC which have been implemented by the NRC (GDC 4 and the
Standard Review Plan revisions). SRP Section 3.6.2 eliminates the requirement to postulate arbitrary
intermediate breaks. In addition, SRP Section 3.6.3, which is currently in draft form, implements the
" broad scope" rule of GDC 4 and endorses the LBB methodology contained in NUREG-1061 Volume 3

(Reference 1).

Resolution

!The design of the piping for the System 80+ Standard Design meets GDC 4 and the guidance of the
Standard Review Plan as follows:

1. As stated in Section 3.6.2.1.3, LBB methodology is used to eliminate the postulation of breaks |
in the following System 80+ piping systems. i

|

Main Coolant Loop,
Surge Line,
Main Steam Line,
Safety injection Line, and
Shutdown Cooling Line. !

2. Postulation of arbitrary intermediate pipe breaks in all piping systems is eliminated. Postulated
break locations are described in Section 3.6.2.1.4.

3. Analysis methods and sample calculations are summarized in Sections 3.6, 3.9, and Appendix
3.9A.

4. Piping, component, and component support loads from SSE and the pipe breaks remaining after
,

application of LBB continue to be combined in accordance with SRP Section 3.9.3. 'lhe loads |
are combined on a square root of the sum of the squares basis (Section 3.9.3.1 and Tables 3.9-10 |

through 14). The exception to this approach is that asymmetric blowdown loads in the reactor
vessel, which are associated with small break LOCAs that remain, are accounted for by

'

increasing the SSE loads by a small, conservative factor (Section 3.9.2.5).
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bQ Loads on building components from SSE and remaining pipe breaks continue to be combined on an
absolute sum basis.

t.

j
Because the design methodology is in accordance with current regulations and NRC guidance, this issue
is resolved for the System 80+ Standard Design. |

|

Refeitoces*

1

1. NUREG-1061, Volume 3, " Evaluation of Potential for Pipe Breaks," U.S. Nuclear Regulatory
*

-

i Commission, November 1984.
1

20.2.34 Piping Damping Values'

,

'

Issue

Generic Safety issue 119.2 addresses the reconunendations of the NRC Piping Review Committee (PRC)
!

L on how the NRC should modify their requirements for the damping values to be used in the dynamic
analysis of nuclear power plant piping systems. Piping dynamic response would, in general, be more ;

.

'

accurately predicted if higher piping damping values were used than those identified in the current ,

regulatory guide. The use of higher damping values results in nuclear plant piping systems having
significantly fewer snubbers and supports and an overall better balance of design considering all piping
loads. A significant decrease in the number of snubbers and supports allows for better inspection of
equipment and components at significantly reduced occupational radiological exposures, and reduces the.

,h potential for restraint to thermal expansion due to malfunctioning snubbers.
V

; Energy dissipation due to material and structural damping in a piping system responding to an earthquake
is usually approximated in dynamic analysis by specifying an equivalent amount of viscous damping. Due'

to a lack of understanding of the parameters affecting damping, lower bound values have been mandated4

for use in seismic design as identified in NUREG-1061 (Reference 1).

The damping values specified in Regulatory Guide 1.61 (Reference 2) have been used for viscous
damping for all modes considered in either elastic response spectra or time-history dynamic seismic
analyses of Seismic Category I structures or components. Damping values higher than those identified
in Reference (2) are allowed only if documented test data is provided to support the higher values.,'

The Pressure Vessel Research Committee (PVRC) recommended an interim position on damping values
that are dependent on piping modal frequency. The American Society of Mechanical Engineers (ASME)

|
incorporated the PVRC damping position (Code Case N-411) in Section III of the ASME Boiler and |;

!

Pressure Vessel Code (Reference 3).

GSI 119.2 corresponds to the PRC regulatory recommendation A-2 in NUREG-1061 to modify seismic .

j damping values used in seismic design.

Acceptance Criteria

The acceptance criterion for the resolution of GSI 119.2, ' Piping Damping Values" is that the piping.

system dynamic analysis shall be in accordance with those recommendations of the PRC which have been
implemented by the NRC, as follows:

[
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1. For response spectrum analyses, Regulatory Guide 1.84, Revision 24 (Reference 4), endorses the
use of piping damping values from ASME Code Case N-411 as an alternative to using values
from Regulatory Guide 1.61. Damping values in an analysis must be consistent from one of
these two sources, a mixture from both is not acceptable.

2. The endorsement of ASME Code Case N-411 damping values for use in response spectrum
analyses is subject to limiting conditions enumerated in Regulatory Guide 1. 84.

3. For time history analyses, Regulatory Guide 1.84 does not endorse the use of the code case
values, and hence Regulatory Guide 1.61 damping values should be used.

Resolution

The System 80+ reactor coolant system (RCS) main loop piping is analyzed using time history methods.
Equipment and piping damping values used for this analysis are in accordance with Regulatory Guide
1.61.

Design and analysis of System 80+ piping systems other than the RCS main loop use either time history
or response spectrum analyses procedures as appropriate. When time history methods are used, damping
values are in accordance with Regulatory Guide 1.61. When response spectrum methods are used,
Regulatory Guide 1.61 values or the frequency dependent damping values specified in Code Case N-411
are used. When Code Case N-411 damping values are used, they are used completely and consistently
for the piping system being analyzed, and the relevant limiting conditions in Regulatory Guide 1.84 are
complied with.

Since the damping values used for piping design and analysis are in accordance with current regulatory
guidance, this issue is resolved for the System 80+ Standard Design.

Reference

1. NUREG-1061, Volume 5, " Report of the U.S. Nuclear Regulatory Commission Piping Review
Committee," U.S. Nuclear Regulatory Commission, April 1985.

2. U.S. Nuclear Regulatory Commission Regulatory Guide 1.61, " Damping Values for Seismic
Design of Nuclear Power Plants," October 1973.

3. American Society of Mechanical Engineers, Boiler & Pressure Vessel Code, Section III
(Nuclear), American Society of Mechanical Engineers.

4. U.S. Nuclear Regulatory Commission Regulatory Guide 1.84, " Design and Fabrication Code
Case Acceptability, ASME Section III Division 1."

20.2.35 Decoupling the OBE from the SSE

Issue

Generic Safety issue 119.3 addresses the question of assuring the public safety during seismic events in
a more rational manner by eliminating the requirement to relate the Operating Basis Earthquake (OBE)
to the magnitude of the Safe Shutdown Earthquake (SSE).
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Appendix A to 10 CFR Part 100 (Reference 1) requires that nuclear power plants be designed to both
the OBE and the SSE. The SSE is defined as that earthquake which produces the maximum vibratory j

ground motion for which certain structures, systems, and components are designed to remain functional ;'

to assure: (1) the integrity of the reactor coolant pressure boundary, (2) the capability to shut down the !

reactor and maintain it in a safe condition, or (3) the capability to prevent or mitigate the consequences ;
,

of accidents which could result in unacceptable offsite exposure. |

) The OBE is defined in Section III (d) of Reference 1 as that earthquake which produces the vibratory
ground motion for which those features of the nuclear power plant necessary for continued operation j

,

without undue risk to the heahh and safety of the public are designed to remain functional. Section V(a) !

(2) in Appendix A to 10 CFR Part 100 states that the OBE shall be specified by the applicant after ,

considering the seismology and geology of the region surrounding the site. Further, it states that the OBE :

shall be at least one-half the magnitude of the SSE. The level of the OBE is, therefore, directly coupled
'

3

with that of the SSE. !

Current regulations were developed assuming that the SSE would control the design in nearly all aspects ,

and that the OBE would serve as a separate check on those systems where continued operation was !

; - desired at a lower level of ground motion. In addition, seismic design for OBE accounts for certain
safety-related factors such as fatigue and seismic anchor movement that are not considered in the design |

,

for the SSE. However, in practice, defining the OBE as one-half the SSE together with assumed load -
'

factors, damping considerations, stress levels, and source limits has caused the OBE, rather than the SSE, ;

to control the design for many systems. '

'
GSI 119.3, which corresponds to NRC Piping Review Committee (PRC) regulatory recommendation A-3O (Reference 2), addresses decoupling of the OBE from the SSE on the basis that:

l. There is no technical reason for coupling the OBE with the SSE,'

,

2. Designing systems to the SSE is sufficient to ensure safety, !

3. The OBE provides additional margin by specifying the level at which inspections are required
before continued operation is permitted, and

,

4. Decoupling of the OBE levels and frequencies from those of the SSE will allow assurance of-

public safety to be placed on a more rational basis.* .

- Acceptance Criteria

- The acceptance criteria for the resolution of GSI 119.3 are that the level of OBE be defined in accordance !
with 10 CFR 100 Appendix A Section III(d), and that the SSE be defined in accordance with Section :
III(c).

i-

However, consistent with regulatory recommendation A-3 of the NRC PRC for decoupling the OBE from
the SSE, the magnitude of the OBE need not be constrained to at least one-half the magnitude of the SSE :

- as required by 10 CFR 100, Appendix A Section V(a)(2).

Resolution -
.O

System 80+ is designed for an SSE peak ground acceleration of 0,30g and an encompassing set of soil
profiles which envelope the majority of potential nuclear power plant sites in the United States. The
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seismic design of safety structures, systems and components is in accordance with Standard Review Plan
Sections 3.7.1, 3.7.2, 3.7.3, and 3.7.4 (Reference 3).The System 80+ design implements the NRC
Piping Review Committee's recommendation to decouple the OBE from the SSE. Any deviations from
the current requirement of 10 CFR 100, Appendix A, Section V(a)(2) will be authorized through the
System 80+, Design Certification Rulemaking. GSI 119.3 is, therefore, resolved for the System 80+
Standard Design.

References

1. Code of Federal Regulations, Title 10. Part 100, Appendix A, " Seismic and Geologic Siting
Criteria for Nuclear Power Plants."

2. NUREG-1061, " Report of the U.S. Nuclear Regulatory Commission Piping Review Committee,"
U.S. Nuclear Regulatory Commission, (Volume 5) April 1985.

3. NUREG-0800, " Standard Review Plan for the Review of Safny Analysis Reports for Nuclear
Power Plants - LWR Edition," U.S. Nuclear Regulatory Commission.

20.2.36 Leak Detection Requirements

Issue

Generic Safety Issue 119.5 addresses the effect of the adoption of the leak-before-break (LBB) concept
for primary piping on leak detection system design requirements.

GSI 119.5 corresponds to the NRC Piping Review Committee (PRC) regulatory recommendation A-6
(Reference 1) to improve existing leak detection systems. LBB methodology is used to justify elimination
of the postulated double ended guillotine break from the design basis for pipe whip restraints and jet
impingement shields. Improvement in leak detection systems was recommended by the PRC in order to
be able to detect and locate leaks of the magnitude associated with various postulated through-wall crack

lengths in a timely manner.

A review of leak detection systems and Licensee Event Reports at current operating plants was performed
for the NRC and reported in NUREG/CR-4813 (Reference 2). It concluded that existing leak detection
systems conforming to the guidance of Regulatory Guide 1.45 (Reference 3) appear adequate for the
purposes of LBB in the great majority of situations. Their principal deficiency is that they provide no
information on the location of a leak, which has to be found visually after plant shutdown. This can be
difficult and result in personnel radiation exposure.

Another part of the NRC effort to develop a resolution to this issue was work performed by Argonne
National Laboratory to develop an advanced acoustic leak monitoring system. This work, reported in
NUREG/CR-5134 (Reference 4), indicated that such a system appears capable of locating as well as
quantifying pipe leaks.

The NRC is considering revisions of Regulatory Guide 1.45 and SRP Section 5.2.5 (Reference 5) to
apply the results of the above investigations to regulatory requirements. Drafts of these revisions have
not yet been issued for review and comment.

O
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;G Acceptance Criteriai

The acceptance criteria for the resolution of GSI 119.5 for the design of a future plant are that the
Reactor Coolant Pressure Boundary (RCPB) leakage detection systems shall meet the requirements and
be consistent with the guidance of Regu'atory Guide 1.45 (Reference 3).

Specifically, identified leakage (i.e., from sources that cannot practically be made 100 percent leaktight,
such as valve stem packing glands) shall be collected and monitored separately from unidentified leakage.
Unidentified leakage shall be collected and monitored by at least three out of four independent methods
described in the Regulatory Position (Section C) of Regulatory Guide 1.45. The methods should have
a sensitivity adequate to detect a leak of one gallon per minute in less than one hour. Indicators and
alarms for each leakage detection system shall be provided in the main control room. In addition to the
above methods for detecting unidentified leakage consideration should be given to other more advanced
methods with the potential of locating as well as detecting leaks.

A Technical Specification shall specify Limiting Conditions of Operation and the maximum permissible
total leak rate.

Resolution

The RCPB leakage detection systems of the System 80+ Standard Design are described in Section 5.2.5,
and are consistent with the recommendations of Regulatory Guide 1.45. Correlation of the one gallon
per minute detection capability for " unidentified" leakage with LBB analyses for evaluating pipe crack

p stability is discussed in Section 3.6.3.3. Collection and measurement of " identified" leakage are

V described in Section 5.2.5.1.2.

Four independent methods of detecting " unidentified" leakage, including three of those recommended in
Regulatory Guide 1.45, are prov.ided as follows, and are described in Section 5.2.5.1.1:

1. The reactor coolant inventory method is used to detect large volume leakage over a period of
steady state operation by continuously monitoring the net makeup flow to the Reactor Coolant
System (RCS). Since letdown flow and the reactor coolant pump seal bleedoff flow are collected
by the Chemical and Volume Control System and recycled back into the RCS, net makeup flow
should be zero when there is no leakage. Integrated net makeup flow is trended in the Control
Room by the Nuplex 80+ Data Processing System (DPS).

2. The primary method designed to detect leakage rates as low as one gallon per minute in less than
one hour is by monitoring the rates of change of the sump water levels in the containment holdup
volume and the reactor vessel cavity, together with the dis:harge rates and running times of the
sump pumps. The Nuplex 80+ DPS integrates these measurements and calculates the leak rate.
Control Room alarms are activated if a leak rate p. ater than one gallon per minute is calculated
and also if a reactor cavity smnp pump starts, since under normal conditions no leakage is
expected into the reactor cavity.

3. A containment gaseous radiation monitor is provided to measure the gamma radioactivity levels
in the containment atmosphere by continuous sampling. Leakage is detected by this method, and
quantified to the extent practicable, with a response time dependent on various factors such as

/ i the fraction of failed fuel, the fission product inventory in the core, and time of transit from the
V origin of the leak to the monitor. The activity is indicated in the Control Room by the DPS and

averaged hourly.
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4. A containment air particulate monitor is provided to measure the containment atmosphere
particulate beta radioactivity by continuous sampling. The sensitivity of the air particulate
monitor to an increase in reactor coolant leak rate is dependent on the magnitude of the normal
baseline leaiage into the containment, and the reactor coolant activity. The particulate activity
concentration is indicated in the Control Room by the DPS, and averaged hourly. High activity
activates an alarm. The airborne particulate monitoring is designed to remain functional during
and after a safe shutdown earthquake, as recommended in Regulatory Guide 1.45.

In addition to the methods described above, the System 80+ Standard Design has an Acoustic Leak
Monitoring System (ALMS) whose function is to detect a leak at specific locations or within specific
components of the RCS. The ALMS is described in Section 7.7.1.6, and utilizes accelerometers mounted
on the component surfaces at or near where leakage is likely to be detected. Typical sensor locations
are given in Table 7.7-3. A change in an accelerometer signal due to leakage from the component
activates an alarm in the Control Room. The signal amplitude is proportional to the leak rate, but the
proportionality depends on the geometry of the leak and the distance between the leak and the sensor.
After passing through the alarm, the signal is amplified, processed and transmitted to the DPS for analysis
of the signal characteristics. j

i
I

Limiting Conditions of Operation are provided (see Chapter 16) which include the magnitude of the
maximum permissible total leak rate.

i

Since the leak detection positions in Regulatory Guide 1.45 are complied with and enhanced capability
to locate RCS leaks is also provided, this issue is resolved for the System 80+ Standard Design.

References ;

1

1. NUREG-1061, " Report of the U.S. Nuclear Regulatory Commission Piping Review Committee," )
U.S. Nuclear Regulatory Commission, (Volume 5) April 1985.

2. NUREG/CR-4813, " Assessment of Leak Detection Systems for Light Water Reactors," Revision !

1, U.S. Nuclear Regulatory Commission, October 1988. |

|

3. U.S. Nuclear Regulatory Commission Regulatory Guide 1.45, " Reactor Coolant Pressure |
Boundary Leakage Detection Systems," May 1973. i

1

4. NUREG/CR-5134, " Application of Acoustic Leak Detection and Location of Leaks in Light |
Water Reactors," U.S. Nuclear Regulatory Commission, October 1988.

'

5. NUREG-0800, "U.S. Nuclear Regulatory Commission Standard Review Plan," U.S. Nuclear
Regulatory Conunission.

20.2.37 On-Ilne Testability of Protection Systems
i
1Issue

Issue GSI 120 was raised by the staff in 1985 during the review of several plant Technical Specifications |
when it was found that the protection system designs of some older plants did not provide as complete
a degree of on-line protection system surveillance testing capability as other plants undergoing staff 1

review and evaluation at that time. |
|
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;( The requirements for at-power testability of components are included in GDC 21 of Appendix A to
10 CFR 50. Supplementary guidance is provided in Regulatory Guides 1.22 and 1.118 and IEEE :

,

Standard 338 to ensure that protection systems (including logic, actuation devices, and associated actuated
*

,

equipment) will be designed to permit testing while the plant is operating without adversely affecting the |

.
plant's operation. These requirements apply to both the RPS and the ESFAS. Existing STS indicate that :

it is desirable to test all protection systems through their sub-group relays every 6 months.'

i :

This issue centered around the risk posed by those plants with lesser degrees of on line testing capability
and the value/ impact effects of requiring modifications of the protection systems to allow for a greater ,

degree of on-line testing. On-line testing increases the ability to detect existing failures of the protection 1-

system and could therefore result in improved reliability of the system; hence, a reduction in plant risk. |
In some older plants, a larger portion of the protection system hardware can only be tested through the |
sub-group relays during outages (i.e., shutdowns), which typically have an 18-month frequency. ;*

'
Therefore, modification of the protection system to allow for semiannual testing through the sub-group
relays could result in risk reduction at those plants.

'

A-- Cdteria
i,

The following two options were identified as potential solutions:
1

1. Recognize that there are cases where there are no practical system design modifications that will 1
'

permit at-power operation of the actuated equipment without adversely affecting the safety or
operability of a plant. Exceptions could be taken that include not testing the automatic initiating
logic and associated actuating devices. Actions could include: 1) submittal of information by

. licensees to describe and justify any deviations from regulatory requirements and to describe thes

revision of the plant technical specifications stating the testing required; and 2) testing of those'

systems that can be tested without defeating the ESFAS train or RPS.

2. Design and implement modifications to allow compliance with the requirements for on-line testing
of all systems without defeating the ESFAS train or RPS. Each channel of the reactor trip module'

,

needs to be provided with two key-operated bypass switches, a channel bypass switch, and a

j shutdown bypass switch. The 2/4 system would then operate in the 2/3 mode during the testing.

It was believed that changing the testing frequency of the protection system components to 6-month
intervals, instead of the existing 18-month intervals, would increase the reliability of these components

,

and result in an overall enhancement of plant safety.

Resolution

1 The System 80+ has all-digital instrumentation and control systems and on-line testing of them (see
~;

Chapter 7). Technical Specifications are provided in Chapter 16. This issue is, therefore, resolved for
the System 80+ design.

.

20.2.38 ' Hydrogen Control for Large, Dry PWR Cantainements'

Issue

- Generic Safety issue 121 concerns the control of hydrogen concentrations in large dry PWR containments.

\
,

during and after a degraded ' core accident.

1
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Metal-water reactions during the TMI-2 accident generated hydrogen in excess of that calculated in
accordance with 10 CFR 50.44 (Reference 1) for the design-basis LOCA. Rulemaking for the control
of hydrogen beyond the licensing basis was therefore necessary, and requirements were promulgated by
the NRC for plants with relatively small containments (BWRs and PWRs with ice containments) as part
of the resolution of Unresolved Safety Issue (USI) A-48.

Rulemaking for PWRs with large dry containments, which have greater inherent capability to
accommodate large quantities of hydrogen, has been deferred pending the results of NRC experimental
and analytical programs being carried out at the Nevada Test Station and elsewhere. These programs are
intended to determine the local environmental stresses, due to hydrogen burn, on safe shutdown
equipment considered essential for the mitigation of and recovery from a degraded core accident, and also
to develop the capability to predict the probability of forming local detonable concentrations of hydrogen
in large dry containments. However,10 CFR 50.34(f) (Reference 2) establishes requirements for the
quantity of hydrogen to be controlled and the upper limit of global concentration to be maintained,
together with requirements related to local hydrogen concentrations, operability of plant shutdown
equipment, and containment integrity.

Acceptance Criteria

The acceptance criterion for the resolution of GSI 121 is that control of hydrogen generated in the
containment in a degraded core accident shall meet the requirements of 10 CFR 50.34(f).

Specifically, the hydrogen control system and associated systems shall provide, with reasonable assurance,
that:

the uniformly distributed hydrogen concentration will not exceed 10 percent during and following*

the release of hydrogen equivalent to that generated from a 100 percent fuel clad metal-water

reaction.

combustible concentrations of hydrogen will not collect in areas where unintended combustion*

or detonation would cause loss of containment integrity or loss of appropriate mitigating features,

and

equipment necessary to achieve and maintain a safe shutdown of the plant and maintaine
containment integrity will perform its function during and after exposure to the environmental
conditions resulting from the hydrogen release and activation of the hydrogen control system.

Resolution

The System 80+ Standard Design includes the Hydrogen Mitigation System (HMS) for control of
combustible gas concentration in containment during and following a degraded core accident. The HMS,
which is designed in accordance with the requirements of 10 CFR 50.34(f), is described in Section 6.2.5.

The HMS consists of a system of igniters installed in containment to allow adiabatic, controlled burning
of hydrogen at low concentrations to preclude build-up to detonable concentration levels. Using a global
distribution of igniters, the systein is expected to prevent the average hydrogen concentration from
reaching 10 percent by volume during a degraded core accident with 100 percent fuel clad metal-water
reaction. The igniters are AC-powered glow plugs and are divided into two redundant groups, each
group having independent and separate circuits and circuit breakers. The igniters in each group are
located so as to ensure adequate coverage in the event of a single failure. If there is a loss of off-site
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powe the igniters can be powered from the Alternate AC source (combustion turbine) or the emergency
diesel generators. A critical subset can also be powered from the Class 1E divisionbatteries through DC-
to-AC inverters. The igniters are manually activated from the Control Room.

The spherical steel containment (see Section 3.8), which has a diameter of 200 feet and a free volume
of approximately 3.4 million cubic feet, and its internal structures, are designed to promote mixing by'
natural circulation and minimize localized concentrations of hydrogen. The HMS igniters are positioned
near areas where hydrogen may accumulate most rapidly. HMS components in containment are capable
of sustaining normal operation and seismic loads. The HMS is not required to function in a design basis 1

accident and is not safety grade. However the system is expected to mitigate the effects of a degraded
core accident and is designed to withstand the appropriate environmental conditions. Equipment essential
to mitigate, manage, and monitor the accident and shut down the plant is identified. A best-estimate
determination of the ' environment (including the effects of HMS activation) to which this equipment
will be exposed during the accident is then made. Survivability of the essential equipment is evaluated

. based on direct comparisons with existing qualification data or experience with similar types of
equipment.

Pre-operational testing and periodic operational testing of the HMS (see Section 6.2.5 and Chapter 16) ;

I
ensure the operability of the system.

Since the containment design provides a Hydrogen Mitigation System that meets the requirements of 10
CFR 50.34(f) for the control of hydrogen generated in a degraded core accident, and provides reasonable
assurance cf the sumvability of the components essential for a subsequent safe shutdown, this issue is
resolved for the System 80+ Standard Design.

References

1. 10 CFR 50.44. " Standards for Combustible Gas Control System in Light-Water-Cooled Power
Reactors."

2. 10 CFR 50.34(f). " Additional TMI-related Requirements."

20.2.39 Initiating Feed-and-Bleed :

Issue

Generic Safety issue 122.2 addresses the Loss Of All Feedwater Event with respect to the provision of
enhanced operator training and improved instrumentation to aid the operator in determining that the plant
has experienced a total loss of feedwater.

During routine operation at the Davis-Besse nuclear power generating station, a loss of all feedwater
event occurred. Subsequent to the loss of feedwater, the operators delayed initiating feed-and-bleed to
cool the core on the presumption that auxiliary feedwater flow was imminent.

An analysis of this event revealed that in addition to the operators' hesitancy to commence feed-and-bleed
operations, the normal control room instrumentation was found to be inadequate to alert the operators that
feed-and-bleed was required.
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'

The safety concern with GSI 122.2 is that a loss of a!! feedwater coupled with a failure to diagnose and
take corrective action immediately (i.e. establish feed-and-bleed), could result in a loss of core cooling
and, therefore, jeopardize the health and safety of the public.

Acceptance Criteria

The acceptance criterion for the resolution of GSI 122.2 is that there shall be instrumentation and displays
of sufficient quality, range, and reliability to enable the plant operators to recognize quickly a Loss-of-

f

All-Feedwater event and to assess when to initiate mitigating measures such as feed-and-bleed. In
addition, emergency procedures guidelines should be provided to aid the operators in diagnosing the event

!in order to accomplish a safe plant shutdown.

Resolution

The System 80+ Standard Design incorporates the Nuplex 80+ Advanced Control Complex (ACC) 1

which includes the Post-Accident Monitoring Instrumentation (PAMI). The PAMI is designed in !

accordance with the intent of the guidance given in Regulatory Guide 1.97, Rev. 3 Feference 1) This
instrumentation is itemized in Section 7.5.1.1.5 and Table 7.5-3 and includes the parameters monitored,
the number of sensed channels, sensor ranges, indicated range, location, and equipment qualification

requirements.
1

Examples of plant parameters monitored that are needed to identify a Loss-of-Feedwater event are: stearn
generator pressure and level (wide range); main and emergency feedwater flow; and reactor coolant
pressure, temperature and degree of subcooling.

1

The feed-ar4 bleed function for beyond-design-basis events is performed by the use of the Safety ,

|Depressurization System (SDS) in conjunction with the Safety Injection System (SIS) as described in
Section 6.7. The PAMI also monitors and displays SDS and SIS parameters following initiation of feed-

and-bleed.

The Nuplex 80+ ACC, which both monitors normal operating and accident conditions is designed to
display the plant status to the operators in a clear and concise form.

The System 80+ Standard Design also incorporates a dedicated safety-related Emergency Feedwater
System, as described in Section 10.4.9. This system is not required for normal operation but significantly
reduces the probability of a Loss-of-Feedwater event occurring.

In addition to the above design features, Combustion Engineering assists the utility owner-operator by
| providing operating insights and System 80+ Emergency Operations Guidelines (EOGs). The EOGs are

further discussed in the response to GSI I.C.I. Since (1) the Nuplex 80+ Advanced Control Complex
incorporates adequate and reliable instrumentation for the rapid detection of a Loss-of-Feedwater event
by the plant operators and for monitoring the subsequent actions to achieve a safe shutdown, and (2), :

EOGs are provided for this event, this safety issue is resolved for the System 80+ Standard Design. ;

|

References

1. Regulatory Guide 1.97, Revision 3 " Instrumentation for Light-Water-Cooled Nuclear Power j

Plants to Assess Plant and Environs During and Following an Accident," May 1983.

1
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Q 20.2.40 Auxiliary Feedwater System Reliability

Issue

Generic Safety Issue 124 addresses Emergency Feedwater System reliability and availability and its
impact on mitigating core-melt frequency.

For existing plant designs, the function of the Emergency Feedwater (EFW) system is to supply water
to the secondary side of the steam generators during various plant evolutions including, system fill, plant
heatup, hot standby and cold shutdown. Also, the system is designed for use subsequent to such design
basis events as loss of secondary inventory, whether this loss is due to normal power supply failure or
due to such postulated accidents as a feedwater line break, a steam line break, or steam generator tube
rupture.

Industry has experienced failures of the EFW system including the loss of all feedwater event at the
i Davis-Besse nuclear power generating station. This event prompted an extensive review of EFW

reliability and availability by the NRC. Operating experience, together with NRC and industry studies,
'

indicates that the EFW systems continue to fail at a high rate. Various studies have also demonstrated that
the EFW system continues to play a crucial role in reducing the postulated core-melt frequency.

Therefore, to assure a high level of EFW system availability and reliability, the NRC proposed a revision
to SRP 10.4.9, which stated that the unavailability for all operating plants and future plants should be no
more than 1 x 10'd per demand after accounting for: EFW support systems, common cause failures, and

(V3
operational errors. Furthermore, the NRC proposed that this reliability goal should be demonstrated by
PRA calculations consistent with the guidance in SRP 10.4.9, Rev. 2.

Acceptance Criteria

The acceptance criterion for the resolution of GSI 124, is that the Emergency Feedwater System shall be
designed so that its unavailability is no more than 1 x 10-4 per demand after accounting for: EFW support
systems, common cause failures, and operational errors. Furthermore, this reliability goal should be
demonstrated by PRA calculations consistent with the guidance provided in SRP 10.4.9, Rev. 2.

Resolution

The System 80+ Standard Design Emergency Feedwater System (EFW) is designed to maintain a high
level of availability and reliability consistent with its importance as a safety system. The reliability and
design features, described in Section 10.4.9, include two independent trains with each train aligned to
supply its respective steam generator. Each train consists of:

1, one emergency feedwater storage tank (EFWST),

2. one 100 percent capacity motor driven pump subtrain and one 100 percent capacity steam driven
pump subtrain,

3. one flow control valve per subtrain,

) 4. one isolation valve per subtrain,
v

5. one check valve per subtrain,
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6. a cavitating venturi, and

7. specified instrumentation.

One design feature of the EFW system which improves its reliability is its component and piping
separation and diversity. For example, each subtrain is separated from the other and therefore has its own
discharge line through the steam generator isolation valve and check valve. In addition, the pump l

crossover lines contain redundant, locked closed, isolation valves. The subtrain design reduces the

potential for single failure and improves system reliability.

Because of the improved reliability of the Emergency Feedwater System design, the unavailability for the
system was estimated from PRA studies to be in the range of 1 x 10 to 1 x 10 5 per demand as described

4

in Sections 10.4.9.1.2 and Chapter 19. Therefore, the EFW system meets the recommended
unavailability goal of 1 x 10 per demand identified in SRP Section 10.4.9, Rev. 2.4

Since the Emergency Feedwater System meets the recommended unavailability goal specified in SRP
Section 10.4.9, Rev.2, Subsection II, paragraph Sc, this issue is resolved for the System 80+ Standard

| Design.
~

20.2.41 Parameter Display System Availability

Issue

Generic Safety issue 125.1.03 addresses Safety Parameter Display System (SPDS) availability and the
reliability of the information it displays.

The TMI-2 accident demonstrated the need for improving how information is relayed to the control room
operators. As a result, NUREG-0737, I.D.2, (Reference 1) required the installation of a SPDS. The
purpose of the SPDS is to improve how information is provided to the control room operators by
supplying them with continuous infonnation from which the plant safety status can be readily and reliably
assessed. However, after installation of the SPDS at operating plants, the Davis-Besse plant Loss-Of-
Feedwater event and other operating plant SPDS availability surveys raised concerns regarding SPDS
reliability and availability and its impact on plant safety.

Acceptance Criteria

The acceptance criterion for the resolution of GSI 125.1.03 is that the availability of the SPDS should be
such that it can accomplish its intended function as described in NUREG4)737, I.D.2, (i.e., to provide
the control room operators with a continuous means of determining the plant safety status).

Resolution

in the System 80+ Standard Design, SPDS functions are performed by the Advanced Control Complex
(ACC). The ACC uses an integrated information display hierarchy to present both safety-related and
non-safety-related plant data for use by the control room operators (See Section 7.5). An integrated
system ensures that the operator will be familiar with information displays during abnormal transients,
since the operator uses the same displays for both normal and abnormal operations.

In the ACC, SPDS functions are implemented by three distinct information display systems regularly used
by the operator: the Integrated Plant Status Overview (IPSO) panel, the Data Processing System (DPS),
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,,,

(") and the Discrete Indication and Alarm System (DIAS). These display systems have been designed and i

1configured (as described in Sections 7.7.1.4, 7.7.1.5, and 7.7.1.7) such that the loss of any one of them
does not result in a total loss of necessary infonnation. The IPSO panel receives data from both the
DIAS and DPS via different data links. The IPSO keeps operations personnel informed about the status
of the plant's critical safety functions and success paths as described in Section 18.7.1.2. It also provides
a limited set of key plant parameters. Implementation of the IPSO panel hardware considers redundancy
for enhanced reliability.

The DPS is configured redundantly for improved reliability. It acquires plant data (e.g., process variable
and component status) validates it, and executes applications programs for its display page hierarchy.
The portion which addresses SPDS requirements includes: IPSO, critical safety functions, and success
path monitoring to aid the operator in gathering supporting information and problem diagnosis (see
Section 18.7.1.8.2). This is the primary means of implementing the SPDS functions in the ACC.

Figures 7.7-16 and 7.7-17 show the basic configuration of the DIAS design. The DIAS employs discrete
indicators that are used to display validated safety and non-safety-related plant process parameters
including those required by the SPDS functions. It uses a segmented design to provide a degree of
hardware independence and fault resistance between various segments. The DIAS channel P (DIAS-P)
segment is designed to be physically separate from and electrically independent of the remaining DIAS
channel N (DIAS-N) segment and the DPS such that a single failure will not cause a loss of more than
one of the three display methods (DIAS-P, DIAS-N or DPS).

In summary, the SPDS functions identified in NUREG-0737, I.D.2, are performed by IPSO, DPS, arid

A DIAS in the Advanced Control Complex. Each system incorporates improved design features such as

V separate and redundant hardware, power supplies (including battery backup), and system self-test features.
These design features assure that the IPSO, DIAS, and DPS are very reliable thus minimizing the
availability concern associated with the SPDS. Therefore, this issue is resolved for the System 80+
Standard Design.

References

1. NUREG-0737, " Clarification Of TMI Action Plan Requirements," U.S. Nuclear Regulatory
Commission, November 1980.

2. Generic Letter No. 82-33, Supplement I to NUREG-0737, U.S. Nuclear Regulatory
Commission.

20.2.42 Reevaluate Provision to Automatically Isolate Feedwater From Steam Generator
During a Line Break

Issue

Generic Safety Issue 125.11.07 addresses the need for owner-operators and plant designers to reassess the
benefits of automatically isolating the emergency feedwater (EFW) system after a main steam line or main
feedwater line break. Automatic isolation of EFW from a steam generator (SG) can help to mitigate the
consequences of the break. Typically, upon a low SG pressure signal, main ste.m isolation valves are
closed and EFW is isolated from the depressurizing or faulted SG. This minimizes blowdown from the

( ) line break, and limits primary system overcooling and the potential for a return to criticality. If the EFW
V were not isolated the peak pressure in the containment for secondary side breaks could exceed that due

to a large break LOCA, the usual basis for containment design. The automatic isolation logic also diverts
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EFW flow from the faulted to the intact SG. In contrast, there are disadvantages to automatic isolation
of EFW. If both channels of the controlling isolation logic systems were to spontaneously actuata either
during normal operation or in the course of a transient, the availability of EFW would be lost and the
main steam isolation valves would close.

Most newer plants use turbine-driven main feedwater pumps. T ms, main feedwater would also be lost,
resulting in complete loss of the secondary heat sink. Capatility to lock-out the isolation logic is
necessary to preclude such scenarios.

Proper and timely operator action following the various loss of cooling events is essential to attaining cold
shutdown with minimum adverse consequences. It follows that the time available for accurate diagnosis
of a problem by the operator before having to take action becomes an important factor. In addition,
because steam or feedwater line breaks make only a small contribution to the probability of core damage,
the NRC concluded that plant safety would not be significantly improved or degraded by either the
exclusion or inclusion of the automatic EFW isolation feature.

Therefore, the choice to include automatic EFW isolation in the design is dependent upon the containment
design and the time that can be made available for operator action.

Acceptance Criteria

The acceptance criterion for the resolution of GSI 125.11.7 is that the design of a new plant need not
incorporate automatic isolation of emergency feedwater after a main steam line or main Redwater line
break provided that: (1) the containment design can accommodate the peak containment pressure, taking
into account the effects of EFW flow to the faulted steam generator, and (2) there is an adequate period
of time following the break for the operators to diagnose the event snd regulate or terminate EFW flow
to the faulted steam generator to prevent primary system overcooling or containment overpressurization.

The plant designer shall therefore define the mass and energy input to containment to include flow of
emergency feedwater to the affected steam generator following a main steam line break. It should be
assumed that the operators will not take action to terminate the flow of emergency feedwater to the
affected weam generator within 30 minutes of the break, based upon current industry recommendations.

Resolution

The System 80+ Standard Design does not include automatic steam generator EFW isolation logic on
low SG pressure. The calculated mass and energy release to the containment building as the result of a
main steam line break (MSLB) includes the additional mass and energy introduced from the MSLB
because of emergency feedwater flow. This additional mass and energy addition is assumed to continue
for at least 30 minutes after a MSLB.

The plant design incorporates an Emergency Feedwater System which provides an independent safety-
related meatu ci supplying quality feedwater to the steam generator (s) for removal oflaat and prevention
of reactor core tmcovery during emergency phases of plant 'eration. The EFW System is a dedicated
safety-related system which has no functions for normal plai ration (See Section 10.4.9).

The EFW System is designed to be automatically or manually initiat supplying feedwter to the
steam generators for any event that results in the loss of normal feedwtuer and requires hea removal
through the steam generators, including the loss of normal onsite and normal offsite AC power.
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I

Four-channel control logic is provided, so that a single failure neither spuriously actuales nor prevents !

EFW supply. In addition, manually reset variable setpoints are used, to enable cooldown to be achieved j

without actuating the main steam isolation signal. |

) The design criteria ~ for the EFW System include a requirement that the maximum EFW flow to each r
'

F steam generator be restricted by a cavitating venturi to protect the EFW pumps from damage due to
excessive runout flow. This flow restriction also permits the operator 30 minutes to regulate or terminate j'

EFW flow to prevent primary system overcooling, steam generator overfill, or containment '
; _

i overpressurization (Section 10.4.9.1.2). In addition, the EFW System has a feedwater storage volume j
i of 350,000 gallons in two safety-related emergency feedwater storage tanks (EFWSTs) to achieve safe

cold shutdown. This volume allows for a main feedline break without isolation of EFW flow to the
'

affected steam generator for 30 minutes. ;

Thus, sufficient ettergency feedwater can be provided at the required temperature and pressure even if I
s

a steam line or feed line pipe break is the initiating event, if any one EFW pump subtrain fails to deliver |

| flow (the EFW train for each steam generator has two full capacity pump subtrains), and if no operator i

action is taken for up to 30 minutes following the event, f
'

l
'

Also, an adequate emergency feed * vater supply is available to alww the plant to remain at hot standby
for 8 hours followed by an orderly cooldown to the primary system pressure and temperature at which i

the Shutdown Cooling System (SCS) can be initiated to continue cooldown to cold shutdown conditions.
' evel instrumentation and a low level alarm are provided on each EFWST to help the operator align the
EFWST from the other train to preclude the tank from being emptied before the changeover to SCS
cooling can be effected.

,

1 The System 80+ Main Feedwater System includes three motor driven feedwater pumps and one motor
i driven startup feedwater pump.

Since the System 80+ Standard Design meets the criteria stated above, this issue is resolved.
;

20.2.43 Electrical Power Reliability-

Issue

Generic Safety Issue 17R addresses the reliability of onsite electrical systems. NUREG-0933 combined'

three GSI's previously individually listed under NUREG-0737 (Reference 1) in order to provide a more
integrated approach to resolving these interrelated issues.

.

Acceptance Criteria
|
'

The acceptance criteria for the resolution of GSI 128 are encompassed in other GSI's namely 48,49, and
"

- A-30, which are given in NUREG-0933.
!

Resolutica
'

i

- The resolution for GSI 128 is contained within the responses to GSI's 48,49, and A-30. Since GSI 128
is subsumed by these three GSI's, this issue is resolved for the System 80+ Standard Design.

i
:

!

I
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20.2.44 Essential Service Water Pump Failures at Multi-Plant Sites

Issue

Generic Sefety Issue 130 in addresses the concern that potential core damage could occur because of
insufficient cooling water flow from the station service water system (SSWS) for safety-related systems
and components due to shared SSWS's at multi-plant sites.

Design of the SSWS (or service water system (SWS) as identified in NUREG-0933) varies considerably
among existing plants. At some multi-unit sites, portions of the SSWS are shared among the units.
Multi-plant configurations for the SSWS may result in the inability to pr:rvice needed cooling water to
safety-related systems due to the unavailability of SSWS components which can be shared between units.
Should the SSWS fail to provide adequate cooling capability to shutdown a plant, when subject to a loss
of SSWS, a core damage accident could result.

A relatcd safety issue, USI 051, also requires separation and independence of SSWSs at multi-plant sites.

Acceptance Criteria

The acceptance criterion for the resolution of GSI 130, is that the SSWS shall not be shared between units
of a multi-unit site. Specifically, each unit shall be provided with a dedicated SSWS, and shall be
designed to the same requirements as a single unit.

Resolution

The System 80+ Standard Design is a single independent plant design; that is, all systems and
components necessary fer the operation of the plant are dedicated to that particular plant. Therefore,
SSWS is designed for a single unit and does not rely on other systems or components from other unit (s).
In addition, the SSWS is an open cycle system consisting of 2 redundant trains (4 SSWS pumps) and is,
therefore, very reliable (Section 9.2.1).

The SSWS has the capability to dissipate the heat loads necessary for a safe reactor shutdown by rejecting
heat delivered from the safety-related component cooling water system (CCWS). The CCWS cools
safety-related components, including those required for rafe shutdown of the reactor.

Where construction of multiple plants is desirable, separation and independence of all systems and
components including the SSWS is maintained by the owner-operator and the architect-engineer (see
Section 1.2.1.3).The pos:ibility of potential core damage from a SSWS system failure as a result of
shared systems and components is minimized because of the required separation and independence both
in the plant design and in the SSWS design. Therefore, this issue is resolved for the Syster 20+
Standard Design.

O
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20.2.45 Steam Generator and Steam Line Overfill

Issue

Generic Safety Issue 135 concerns a Steam Generator Tube Rupture (SGTR) accident causing overfill of
the secondary side of the steam generator and the main steam lines.

Several SGTR events have occurred in operating PWRs. At least one event led to water in the steam line I

following overfill of the steam generator due to safety injection pumping through the broken tube. Mixed !
steam and water flow through the secondary safety valves then resulted in unanalyzed dynamic and static
loads on the steam pipmg. l

l
'

The NRC is addressing this issue in four tasks: Task 1 is reviewing and developing a regulatory position
on eddy current inservice inspection of steam generator tubes; Task 2 is reviewing proposed changes to
SRP Section 15.6.3 (Reference 1) that address various aspects of SGTR such as assumed event duration
and radiological consequences; Task 3 is reassessing various issues of GSI 067 (Steam Generator Staff
Actions) which the NRC has either resolved as sub-issues of other USIs and GSIs or has designated as
licensing or regulatory impact issues, for potential inclusion in an integrated resolution; Task 4 is
reviewing the effect of water hammer, overfill and water carryover on steam lines and connected systems, ;

and developing proposals for mitigating the consequences. ]
l

The resolved issues of Task 3 applicable to a future plant design include: I

GSI 67 Issue Resolved by NRC Through Sub-Issue

67.3.1 Steam Generator USI A-47; Safety Implications of Overfill Control
Systems

|

GSI I.C.1; Short-Term Accident Analysis and Procedures Revision

67.3.2 Pressurized USI A-49; Pressurized Thermal Shock

Thermal Shock |

67.3.3 Improved GSI II.F.1; Additional . Accident Monitoring Instrumentation

Accident Monitoring

67.3.4 Reactor Vessel GSI II.F.2; Identification and Recovery from Conditions
Leading to Inventory Inadequate Core Cooling Measurement

Reactor Coolant GSI II.K.3; Final Recommendations of Bulletins and
67.4.1 Orders

Pump Trip Ta,k Force to Mitigate Accidents

67.4.3 Emergency GSI I.C.1; Short-Term Accident Analysis and Procedures
Revision

Operating Procedures

67.9.0 Reactor Coolant GSI I.C.1; Short-Term Accident Analysis and
Procedures Revision

System Pressure

)p - USI A-45; Shutdown Decay Heat Requirements

The NRC program for GSI 135 has not yet been completed, and no integrated resolution has been issued.

4proventDen@rr Ateenriel Menehmeer of Sehrtyissues Page J0.2 59



Sv~ tem 80 + Design ControlDocument

Acetptance Criteria

The acceptance criteria adopted for the resolution of GSI 135 for the design of a future plant, in the
absence of final NRC criteria to meet the goals of the four tasks, are as follows:

Task 1: The design of the steam generators shall facilitate eddy current inservice inspection of the*

tube bundle,

* Task 2: The analyses of SGTR events shall continue to be consistent with the guidance of SRP
Section 15.6.3 Revision 2,

Task 3: The acceptance criteria are as set forth in the responses to the USIs and GSIs listed above,*

and

* Task 4: The plant shall be such as to minimize the probability of overfilling the steam generators
and main steam system during a SGTR event, and to mitigate the consequences of overfill should
it occur.

Resolution

* Task 1: The features of the System 80+ Standard Design steam generators that facilitate eddy
current inservice inspection are described in the Resolution section of the response to USI A-4,
Steam Generator Tube Integrity. This resolution also describes other plant design features which
help to maintain steam generator tube integrity.

* Task 2: Accident analyses related to SGTR events for the System 80+ Standard Design are
performed in accordance with the guidance of SRP Section 15.6.3 Revision 2 (see Chapter 15).

* Task 3: The resolutions to the issues listed above for the System 80+ Standard Design are
described in the Resolution sections of the responses to those USIs and GSIs.

* Task 4: The capability of the System 80+ Standard Design systems for depressurizing the Reactor
Coolant System (RCS) following a SGTR, when acting in combination, is sufficient to maintain
the faulted steam generator (SG) secondary side pressure below the set point of the steam safety
valves, and to reduce primary pressure sufficiently rapidly to prevent SG overfill (see Chapter
15). RCS depressurization following an abnormal event plant trip is normally achieved with the
pressurizer auxiliary sprays (see Section 5.4.10), or by the Safety Depressurization System (SDS)
(see Section 6.7.2) if the auxiliary sprays are unavailable. Heat removal is accomplished through
the unaffected SG by providing feedwater from the Main, Startup or Emergency Feedwater
systems (see Sections 10.4.7 and 10.4.9) and removing steam with the Turbine Bypass System
if available, or with the Atmospheric Steam Dump Valves (see Sections 10.3.2.3.2.3 and 10.4.4).
Post-Accident Monitoring Instrumentation (see Table 7.5-3) enables the plant operators to
monitor critical variables such as RCS pressure, reactor vessel water level, SG pressure and water
level, and SDS vuve and SG safety valve positions.

Additional provisions to prevent SG overfill are automatic termination of main and emergency
feedwater flows on high SG water level (see Sections 7.3.1.1,10.4.7.2,10.4.9.2, and Table 7.3-3)
and operator action to secure the reactor coolant pumps in the affected loop. The larger volume
of the steam generators and the cavitating venturis in the emergency feedwater lines, which restrict
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the maximum flow to a steam generator to 800 gallons per minute, permit a longer operator
response time to manually prevent overfill in the System 80+-Standard Design compared to |
current plants (see Sections 10.4.9.1 and 10.4.9.2). j

l

Finally, the main steam lines are designed for a water filled load under static loading conditions, j

preventing failure of the lines and supports in the remote event that overfill does occur (see Section ,

10.3.2.3). The System 80+ Standard Design conforms to existing NRC requirements and j

guidelines (including the resolutions to the issues listed for Task 3) related to the avoidance of I

steam generator and steam line overfill. Additional design features such as the Safety I

Depressurization System, automatic termination of feedwater on high steam generator water level, ;
^

and longer allowable operator response time nummize the probability of overfill in a SGTR event. ;
4

1 In summary, because the plant capabilities are consistent with the goals of the NKC's tasks in GSI
~

135, this issue is therefore resolved for the System 80+ Standard Design.
!
!

Refenaces
1

-

1. NUREG-0800, * Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants-LWR Edition," U.S. Nuclear Regulatory Commission.

.

20.2.46 Leakage through Electrical Isolators in Instmmentation Circuits |

:

: Issue

|' Generic Safety Issue 142 concerns electronic isolators used to maintain electrical separation between
safety and non-safety related electrical systems in nuclear power plants, thereby preventing malfunctions;

in the non-safety systems from degrading performance of safety-related circuits. Isolators are primarily'

used where signals from Class IE safety-related systems are transmitted to non-Class 1E control or*

display equipment.-

There are a number of devices which may qualify as electrical isolators in a nuclear power plant, |
''

including fiber optic and photo-electric couplers, transformer-modulated isolators, current transformers,
amplifiers, circuit breakers, and relays. These isolators are designed and tested to prevent the maximum
credible fault applied in the transverse mode on the non-Class 1E side of the isolatc,r from degrading the
performance of the safety-related circuit (Class IE side) below an acceptable level.

Recent observations have shown instances in which isolation devices subjected to failure voltages and/or
currents less than maximum credible fault levels passed significant levels of voltage or current, but the
same devices perfor:ned acceptably at maximum credible levels. The safety system on the Class 1E side
of the isolation device may be affected by the passage of small levels of electrical energy, depending upon ;

the design and function of the safety system.
:

Acceptance Cdteda
;

,

The assumed solution to this issue would require the staff to determme the extent to which potentially |
'

susceptible isolators are used in nuclear power plants and to identify the systems in which they are used. )
. A NRC bulletin to all licensees to provide input on these questions would be necessary. Assummg that i

the staff determines from the licensee responses to the proposed bulletin that a potential problem exists,

/
-

a research program consisting of two major objectives would have to be initiated to develop the solution ;

\ to this issue. The first objective would be to develop test procedures and acceptance criteria for isolators -j
:
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that licensees could use to determine the adequacy of installed isolators. The second objective would
involve development of appropriate hardware fixes that could resolve the issue.

The final step in the solution to this issue would be the issuance of a generic letter to licensees with the
following guidelines for: (1) inspection and testing of all electrical isolation devices between Class IE
and non< lass 1E systems; (2) repair / replacement of isolators that fail the tests, including description of
acceptable hardware fixes to the isolators; and (3) implementation of an annual program to inspect and
rest all electronic isolators between Class 1E and non-class 1E systems.

Resolution

Fiber optic data links are used in the System 80+ design electrical isolation of logic level and analog
signals between protection divisions and from protection divisions to non-safety-related equipment.

Maximum credible electncal faults applied at the outputs of isolation devices do not apply to fiber optic
systems. The maximum credible fault is cable breakage causing loss of signal transmission. Faults
cannot cause propagation of electrical voltages and cur %nts into other electrical circuitry at the
transmitting or receiving ends. Conversely, electrical faults originating at the input to the fiber optic
transmitter can only damage the local circuitry and cause loss or corruption of data transmission;
damaging voltages and currents will not propagate to the receiving end.

Fiber optic isolation devices are expected to have less difficulty than previous isolation devices in
complying with all qualification requirements due to their small size, low mass, and simple electronic
interfaces. The basic materials and components, except for the fiber optic cable itself, are the same as
those used in existing, qualified isolation devices.

When using fiber optic devices as Class IE isolation devices, only the input side of the transmitting
device and output side of the receiving device use electrical power. The low voltage power supplies for
these devices use the same power source as the logic that drives the isolating device.

The isolating devices used for System 80+ are of the long fiber optic cable design, so transmitting and
receiving ends are separated by a significant distance [ typically several feet to several hundred teet).
These types of designs had the best isolating characteristics cf the various isolators compared in the
NUREG study (Reference 1L

Typically, the electrical to-optical interfaces are part of the general logic processing equipment within a
channel and do not reside in separate isolator units. The fiber optic interfaces receive the protection from
EMI and surge currents designed into the logic equipment (for example, power supply decoupling,
shielding, filtering, single-;>oint signal common connection to chassis ground, and chassis ground
connection to ground bus). The equipment will undergo EMI and surge testing to the standards identified
in the NUREG or equivalent.

The result'. of the NUREG tests show that the fiber optic type of isolators exhibited no or ve:y little
effects from the major fault and lightning surge tests. Only surge and EMI tests applied to the isolator
power supplies caused damage to the isolator input side, mainly because of the output and input
supplies sharing a common, commercial AC power line. For System 80+, RPS and ESF functions are
supplied from different plant power sources. The low voltage supplies fed from these sources are highly
regulated and filtered. Thus, isolator circuits are isolated from most power source transients. Therefore, !

this issue is resolved for the System 80+ design.
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20.2.47 Availability of Chilled Water Systems and Room Cooling

Issue -

Generic Safety Issue 143 addresses problems with safety system components and control systems that
have resulted from a partial or total loss of HVAC systems. Many of these problems exist for two
reasons: (1) the desire to provide increased fire protection; and (2) the need to avoid severe temperature
changes in equipment control circuits. Since the Browns Ferry fire, considerable effort has been
expended to improve the fire protection of equipment required for safe shutdown. Generally, this
improvement has been accomplished by enclosing the affected equipment in small, isolated rooms.
However, the result has been a significant increase in the impact of the loss of room cooling. Another
problem resulting from loss of room cooling is the advancement in control circuit design. With the
introduction of electronic integrated circuits, plant control and safety have improved; however, these
circuits are more susceptible to damage from severe changes in temperature caused by the loss of room
cooling.

It is believed that failures of air cooling systems for areas housing key components, such as RHR pumps,
switch gear, and diesel-generators, could contribute significantly to core-melt probability in certain plants.
Because corrective measures are often taken at the affected plants once these failures occur, the ACRS

O believed that the impact of these failures on the proper functioning of air cooling systems has not been
reflected in the final PRAs of plants. Thus, plants with similar, inherent deficiencies may not be aware
of these problems.

Operability of some safety-related components is dependent upon operation of HVAC and chilled water
systems to remove heat from the rooms containing the components. If chilled water and HVAC systems2

are unavailable to remove heat, the ability of the safety equipment within the rooms to ' operate as intended

cannot be assured.
'

Acceptance Cdteda

'

A possible solution to this issue would require a reevaluation of each plant's room heat load and heat-up
rate in order to identify areas in which a reduction in the dependence of equipment operability on HVAC'

and room cooling may be implemented. While the total elimination of this dependence may not be
possible at all plants, this analysis would identify areas in which this dependence is critical. The
determination of the critical dependencies and the ability to reduce them could be accomplished through
the use of_a plant-specific PRA. After the critical dependencies are identified, each plant would
implement procedural changes (to provide alternate cooling) to eliminate or reduce the dependencies

j where possible. Hardware modifications may be needed for situations in which a procedure change
cannot be implemented to reduce a critical dependency.'

The next step in the possible solution to this issue would be the issuance of a generic letter that would
require licensees to: (1) evaluate the dependencies of plant safety systems and equipment operability on

./ HVAC and room cooling; (2) identify areas in whicivhis dependence is cri:ical; (3) identify appropriate
~

| procedure changes and hardware modifications to minimize the effects of the dependencies on plant risk;t

~ (4) submit this evaluation to the NRC for review and approval of the proposed modifications; and (5)

!
'
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implement the approved proposed procedural changes and hardware modifications. The generic letter
would include guidance on acceptable procedures licensees could use to evaluate the potential
dependencies in the designs of these systems. The generic letter would also include alternative solutions
for improving the independence of systems that are critical to plant risk. It is assumed that a research
project would form the basis for a more fully-developed solution and for the guidance in the generic
letter.

Resolution

System 80+ was designed to separate safety and non-safety equipment into separate systems. Chilled
water systems are described in Section 9.2.9 and ventilation systems are described in Section 9.4.
Operability of these systems is ensured via the Technical Specifications. This issue is, therefore, resolved
for the System 80+ design.

20.2.48 Loss ef Essential Service Water in LWRS

Issue

The reliability of essential service water (ESW) systems and related problems, Generic Safety Issue 153,
has been an ongoing staff concern which has been documented in NUREG/CR2797, IE Bulletins 80-24
and 81-03, Generic Letter No. 89-13, and issues 51,65, and 130. In a comprehensive NRC review and
evaluation of operating experience related to service water systems, NUREG-1275, Volume 3, a total of
980 operational events involving the ESW system were identified, of which 12 resulted in complete loss
of the ESW system. The causes of failure and degradation included: (1) various fouling mechanisms
(sediment deposition, biofouling, corrosion arxl erosion, foreign material and debris intrusion); (2) ice
effects; (3) single failures and other design deficiencies; (4) flooding; (5) multiple equipment failures; and
(6) personnel and procedural errors.

In the resolution of Issue 130, the staff surveyed seven multiplant sites and found that loss of the ESW
system could be a significant contributor to core damage frequency (CDF). The generic safety insights
gained from this study supponed previous perceptions that ESW system configurations at other multiplant
and single plant sites may also be significant contributors to plant risk and should also be evaluated. As
a result, this issue was identified by DSIR/RES to address all rotential causes of ESW system
unavailability, except those that had been resolved by implementation of the requirements stated in !

Generic Letter No. 89-13. )
|

At each plant, the ESW system supplies cooling water to transfer heat from various safety-related and I

non-safety-related systems and equipment to the ultimate heat sink. The ESW system is needed in every j

phase of plant operations and, under accident conditions, supplies adequate cooling water to systems and j
components that are important to safe plant shutdown or to mitigate the consequences of the accident.

-

Under normal operating conditions, the ESW system provides component and room cooling (mainly via |
ithe component cooling water system). During shutdowns, it also ensures that the residual heat is removed

from the reactor core. The ESW system may also supply makeup water to fire protection systems,
cooling towers, and water treatment systems at a plant.

Acceptance Criteria
l

The design of the ESW system varies substantially from plant to plant and the ESW system is highly i
<

!dependent on the NSSS. As a result, generic solutions (if needed) are likely to be different for PWRs
and BWRs. The possible solution::are: (1) installation of a redundant intake structure including a service
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b_ water pump;(2) hardware changes of the ESW system; (3) installation of a dedicated RCP seal cooling
system; or (4) changes to TS or operational procedures. These potential imptovements were conside
for the seven multiplant sites covered in the scope of Issue 130; however, these options will now
evaluated for the remaining LWRs (65 PWRs and 39 BWRs).

Resolution

The System 80+ design includes a safety grade Station Service Water System, with two redundant and
independent trains (Section 9.2.1). Reactor Coolant Pump seal cooling is provided by two systems, ,

which are backed up by a dedicated seal injection pump as described in the resolution of GS123. ,

Technical Specifications for the Station Service Water System are provided in Chapter 16. This issue
is, therefore, resolved for System 80+.

20.2.49 More Realistic Source Term Assumptions

Issue

Generic Safety Issue 155.1 arose following the accident at TMI-2. During the TMI-2 accident, fission
products did not behave as predicted with the analytical methods and assumptions used in the licensing |

process at that time and delineated in Regulatory Guides 1.32 and 1.42 and TID-14844. The earliest
expert predictions were that major core damage had occurred. However, the NRC and the licensee
believed that core damage was minimal and calculations were redone to confirm this view. Approximately

;

50% of the core was in a molten state, but there is evidence that only about 55% of the highly volatile

Q fission products and noble gases were released from the reactor vessel with a major portion retained in

Q the reactor building. There is also evidence that less than 5% of the medium and low volatile fission
products were released from the reactor vessel. These observations were based on research conducted
since the TMI-2 accident.

It is now generally accepted that the chemical conditions in the reac;or vessel were " reducing" in nature
as opposed to " oxidizing." The elemental iodine was driven (or converted) to the iodide ion which very
readily combined with available metallic ions. The water-soluble character of these chemical forms
prevented a major release of iodine to the atmosphere of the containment or auxiliary buildings and only
a few Curies were released to the environment. Throughout the TMI-2 accident sequence, the chemical
state was maintained such that the water-soluble character was preserved.

With the completion of a large number of PRAs since the TMI-2 event, the Advisory Board believed that
it should be possible to list accident sequences with chemical conditions similar to TMI-2. Such a listing
could provide a guide as to which accidents might be regarded as hazardous, or less hazardous, relative
to the possible escape of iodine and could be useful in the future design of safety features. Since some
of the assumptions used for source term considerations at TMI-2 were flawed in this respect, the Board
recommended that the source term be restated using current scientific knowledge.

Acceptance Criteria.

( ,

'

This issue is being pursued by the staff as part of comprehensive revisions to 10 CFR Parts 50 and 100
to reflect a better understanding of accident source terms and severe accident insights, as well as evaluatet

the impact of these phenomena on plant engineered safety features. A replacement for TID-14844 is being!

O formulated, based on recent severe accident research findings, to reflect the current understanding of
V fission product release timing, iodine chemistry, and source term magnitude and wmposition. Thus, a ,

solution to this issue has been identified and the issue is considered nearly-resolved.

Amroved Destpor Meteniel . Mesokeors of Sekty issues Page 20.2-65

a



Srtem 80+ Design ControlDocument

Resolution

The new radiological source term described in draft NUREG-1465 has been implemented for the System
80+ design, as described in Appendix 15A. The corresponding environmental qualification doses are
provided in Section 3.11 and the supporting Containment Spray System effectiveness analysis is provided
in Section 6.5. This issue is, therefore, res-olved for the System 80+ design.

20.2.50 Water Ilanuner

Issue

Unresolved Safety Issue A-01 addresses identifying the probable causes of water hammer and minimizing
the susceptibility of fluid systems and components to water hammer by correcting design and operational
deficiencies.

Water hammer is defined as a rapid deviation in pressure caused by a change in the velocity of a fluid
in a closed volume. There are various types of water hammer, including steam condensation-induced
water hammer, which occurs in the secondary side of a PWR steam generator at the connection to the
feedwater line. This type of water hammer involves steam generator feedrings and piping. Water
hammer has been observed in many fluid systems including residual heat removal, containment spray,
service water, feedwater systems, and main steam lines. In addition to condensation-induced water
hammer, other forms of initiating events which cause water hammer can occur, such as steam driven
slugs of water, pump startup with panially empty lines, and rapid valve cycling.

Regardless of the initiating event, water hammer and the resulting fluid accelerations can cause damage
to the affected fluid system. The level of severity of damage depends upon the event, and can range from
minor damage such as overstressed pipe hangers to major damage to restraints, piping and components.

According to NUREG-0927 (Reference 1), water hammer can be induced by operator / maintenance actions
and by design inadequacies. Experience has shown that water hammer events reported on LERs are about
equally divided between operator or maintenance actions and design deficiencies. The. NRC implemented
SRP changes relative to the design, operation, and maintenance of new plants to minimize the probability
and effects of water hammer, and issued a Branch Technical Position (BTP) for pre-operational tests.

mieldance Criteria

The neeptance criterion for the resolution of USI A-01 is that safety-related fluid systems shall be
designed to meet the requirements of 10 CFR 50 Appendix A, GDC 4 (Reference 2), by implementing
the guidance identified in the following SRP (Reference 3) Sections: 3.9.3,5.4.7,6.3,9.2.1,9.2.2,
10.3, and 10.4.7 (including BTP ASB 10-2).

Specifically, the Feed and Condensate, Emergency Feedwater, Main Steam, Safety Injection, Containment
Spray, Shutdown Cooling, Component Cooling Water, and Station Service Water fluid systems shall, in
order to assure that the system safety functions can be accomplished, be designed to withstand the
adverse dynamic loads imposed by condensation-induced and other water hammer events, and include
features to minimize the probability of water hammer occurrences. BTP ASB 10-2 requires pre-
operational tests to be performed on the feedwater system to demonstrate the effectiseness of the design
and operating procedures to inhibit steam generator water hammer.
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(g In addition, operating and maintenance procedures shall include adequate precautions to minimize the)
"

potential for the occurrence of water hammer.

Resolution

The System 80+ Standard Design adequately addresses system dynamic loads such as may result from
water hammer. Piping analyses for safety-related systems subject to water-hammer use the methodology
described in Appendix 3.9.A.

The design and operational features to minimize the probability of water hammer listed in the PWR
corrective actions section of NUREG-0927, Rev. 01, are addressed in various sections of this report.
A summary of key features follows. For prevention of steam generator water hammer, each feedwater
nozzle of the System 80+ steam generators has a directly attached 90-degree elbow turning down into
a vertical section of feedwater piping, as described in Sections 10.4.7.2.6 and 10.4.9.1.2. In addition,
the main and emergency feedwater piping is continuously sloped away from the steam generators inside
containment to prevent draining into the steam generator, minimizing the formation of steam voids in the
feedwater piping during periods oflow flow. The feedwater control valves include balanced trim design,
moderate stroke times, long valve strokes, and small pressure drops, compatible with proper flow control.
Main feedwater flow during plant startup is only delivered to the economizer inlet feedwater nozzles of
the steam generators at temperatures at or above 200*F, which minimizes the probability of condensation-
induced water hammer in the economizer sections of the generators. Below a predetennined power level,
main feedwater is delivered to the downcomer feedwater inlet nozzles. Changeover to the economizer
nozzles at this power level is effected by the Feedwater Control System (See Sections 10.4.7.2.3 and

O 7.7.1.1.4.). Emergency feedwater is always delivered to the downcomer inlet nozzles.
L.J

The design of the System 80+ Main Steam System adequately addresses dynamic loads caused by
condensation-induced water hanuner and has piping arrangement and drainage provisions to protect
against water entrainment. These are described in Section 10.3.2.2.

Dynamic loads, and the provision of vents and drains where appropriate, are also addressed in the design
of the Shutdown Cooling, Safety injection, Containment Spray, Component Cooling Water, and Station
Service Water Systems. These systems are described in Sections 5.4.7,6.3.1,6.5.1,9.2.2, and 9.2.1.

.

Plant pre-operational test, operating, and maintenance procedures are prepared in accordance with j
guidelines established by C-E, and require proper precautions to minimize the potential for water
hammer. The guidelines provided to the COL Applicant for systems in which water hammer can occur
include applicable guidance on:

prevention of rapid valve motion,-

introduction of ve4ds into water-filled lines and components,-

proper filling and unting of water-filled lines and components,-

- Introduction of steam or heated water that can flash into water-fiPed lines and components,

n - Proper warmup and drainage of steam-filled lines, and

! I
'd The effects of valve alignments on line conditions.-
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Specific guidelines for prevention of steam generator and feedwater system water hammer include:
,

maintaining SG water level above the feed ring,-

,

venting the feedwater lines prior to initiating flow.-

maintaining the feedwater lines full at all times, |-

- starting feedwater pumps before opening the feedwater control va.lves, and

- using continuous, rather than intermittent, feed flow at hot standby or low power operation.

Section 10.4.9.1.2 includes a COL Applicant commitment to provide information on the avoidance of
water hammer in the emergency feedwater system, and Section .0.4.9.5.2 includes a COL Applicant'

commitment to provide information on the avoidance of steam binda of the EFWS pumps. A Technical
Specification for the safety injection system, Surveillance Requirew 3.5.2.3, requires the COL

applicant to check that the Si lines are full. The shutdown cooling system uses two of the four SIS direct
injection nozzles on the reactor vessel.

Pre-operational test guidelines are also established for hot functional tests to be performed in accordance
with BTP ASB 10-2. These tests are to verify that unacceptable feedwater system water hammer does not
occur when (a) using normal plant operating procedures for normal and emergency restoration of SG
water level following loss of main feedwater, and (b) transferring main feedwater during normal operation
from the SG downcomer feedwater inlet nozzles to the economizer inlet nozzles. (See
Sections 14.2.12.1.63 and 14.2.12.4.13).

Since the design and testing of the safety systems potentially subject to water hammer meets the intent
of the acceptance criteria above, this issue is resolved for the System 80+ Standard Design.

References

1. NUREG-0927, Revision 1, " Evaluation of Water Hammer Occurrences in Nuclear Power Plants,"
U.S. Nuclear Regulatory Commission, March 1984.

2. 10 CFR 50 Appendix A, " General Design Criteria for Nuclear Power Plants," Code of Federal
Regulations, Office of the Federal Register, National Archives and Records Administration.

3. NUREG-0800, Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants - LWR Edition," Nuclear Regulatory Commission.

,

20.2.51 Asymmetric Blowdown Loads on Reactor Primary Coolant Systems

Issue

Unresolved Safety issue A-02 addresses asymmetric blowdown loads imposed on the reactor vessel (RV)
u a result of a design basis los:, of coolant accident (LOCA). The resultant forces from these loads could
affect reactor vessel support integrity, thus jeopardizing plant safety.

OA break in a large reactor coolant pipe could cause several rapidly occurring internal and external
transient loads to act upon the reactor vessel. In the event of a postulated LOCA at the vessel nozzle,
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( asymmetric LOCA loading could result from forces induced on the reactor internals by' transient j

.

-differential pressures across the core barrel and by forces on the vessel due to transient differential |

pressures in the reactor cavity. Differential pressures, although of short duration, could place significant !"

F loads on the reactor vessel supports, thereby affecting their integrity. ]
1

The NRC reviewed these predicted asymmetric loadings and developed acceptance criteria and guidehnes, ,

~ which have been documented in NUREG-0609, (Reference 1). In 1987, a " broad scope" revision of 1
;.

General Design Criterion 4 allowed the Leak-Before-Break (LBB) methodology documented by the NRC !
in NUREG-1061, Volume 3 (Reference 2), to be applied to all high energy piping.

'

[ Ac=*== Criteria
.

| The acceptance criterion for the resolution of USl A-02 (documented in NUREG-0609) is that the design j
;

I of the reactor primary coolant system shall demonstrate that the asymmetric loads on the reactor vessel,
internals, primary coolant loop, and components shall not exceed the limits imposed by the applicable -

4

codes and standards.
;

Resolution"

;

The 1987 " broad scope" revision of General Design Criterion 4 permits application of the LBB :

methodology for all high energy pipes in nuclear power plants. The LBB methodology of NUREG-1061,
Volume 3, is endorsed by the NRC in implementing the " broad scope" rule. The application of this
methodology in the evaluation of the System 80+ Standard Design reactor coolant piping is described i

in Section 3.6.3. (see also, GSI 119.1)

Where the LBB approach cannot be applied effectively, a determination of pipe break locations and
dynamic effects is made. These are identified in Section 3.6.2. The criteria used to define pipe. break
and/or crack locations and configurations are given in Section 3.6.2.1. Postulated ruptures are classified
as circumferential breaks, longitudinal breaks, leakage cracks, or through wall cracks. Each postulated ,

'
rupture is considered separately as a single postulated initiating event.

The Leak-Before-Break methodology in Section 3.6.3, was used to demonstrate that the detection of flaws
in pipes can be assured before they cause large break LOCAs and, therefore, the asymmetric loads and
the resultant loads on primary system components and supports are no longer significant.

Any effects from small-break LOCAs which cannot be eliminated by Leak-Before-Break methodology, |

are accounted for in the faulted condition analysis by applying a conservative factor to the safe- r

*

shutdown-earthquake resultant loads.

In summary, all loads are within limits imposed by industry codes and standards for the primary coolant
system and, '.herefore, this issue is resolved for the System 80+ Standard Design.

I

References

1. NUREG-0609,' " Asymmetric Blowdown Loads on PWR Primary Piping Systems," U.S. Nuclear ;

Regulatory Commission,' November 1980.

2. NUREG-1061, Volume 3, " Evaluation of Potential for Pipe Breaks," U.S. Nuclear Regulatory
Commission, November 1984. '|

1
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20.2.52 Steam Generator Tube Integrity

Issue

Unresolved Safety Issue A-4 addresses the measures necessary to verify and maintain steam generator
tube integrity, and to mitigate the consequences of a Steam Generator Tube Rupture (SGTR) event.

|

Steam generator tubes are part of the reactor coolant system pressure boundary, and their failure causes ;

primary coolant to leak into the secondary system, which may result in direct release of radioactive
fission products to the environment. In sidition, coolant needed to prevent core damage may be lost.

The NRC set up a program to assess the lessons that could be learned from domestic SGTR events, as
well as identifying and evaluating po:ential new requirements. The results were reported in NUREG-
0844 (Reference 1). It was concluded that the probability of core damage from events involving SGTRs
is not a major contributor to overall core damage risk, and that new requirements were not warranted.
However, the NRC did recommend a number of operational measures which were considered to be
effective on a plant specific basis for significantly reducing (a) the incidence of tube degradation, (b) the
frequency of tube ruptures, and (c) occupational exposures. Implementation of these measures was
recommended in GL 85-02 (Reference 2).

Acceptance Criteria

The acceptance criterion for the design of a future plant is that it shall facilitate adoption by the owner
operator of the measures recommended in GL 85-02, to the extent they are applicable to that design.
These measures are as follows:

Prevention and detection of loose parts by visual inspection of the secondary side of the steam*

generators, and by quality assurance / quality control procedures to preclude introduction of foreign
objects into the primary or secondary sides during inspection, maintenance and repair operations.
Precautions should be taken to minimize the potential for corrosion while the tube bundle is
exposed to air.

In-service inspection of the steam generator tubes should include full tube length examinations.*

The maximum allowable time between eddy current inspections of an individual steam generator
should be limited consistent with the NRC Standard Technical Specifications (STS) and in addition
should not extend beyond 72 months.

Secondary water chemistry program should incorporate the guidelines in EPRI-NP-2704, 'PWR*

Secondary Water Chemistry Guidelines" (Reference 3), and corrective action procedures for out-
of-specification conditions. There should also be an inservice inspection program for the
condemet The program should include identification and location of leakage sources, methods
of repair, nad a preventive maintenance program.

Technical specification limits for primary to secondary leakage rates should not be less restrictive*

than the NRC STS limits.

Tecimical specification limits and surveillance for coolant iodine activity should n:t be less*

restrictive than the NRC STS limits. Additional restrictions are recommended for plants having
low head high pressure safety injection pumps.;

!
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'f The safety injection signal reset logic should minimize the loss of safety function associated with j*~
'

safety injection reset during an SGTR event. Automatic switchover of safety injection pumps from
- the boric acid storage tank to the containment sump should take into account the concurrent status -
of the safety injection signal. |'

.

Resolution .

The System 80+ Standard Design includes design features, technical specifications and operating
.

guidelines which facilitate the operational recomrnendations in GL 85-02, and further enhance the
integrity of the steam generator tubes, as follows:

!

'

* Prevention and Detection of Loose Parts:
:

The steam generators have two 8-inch handholes in the lower secondary shell just above the top ,

of the tube sheet and two 18-inch manways in the upper secondary shell above the separator j

support deck, to permit visual inspection of the tube bundle and personnel access for inspection ;
4

or repair. The separator support deck has an 18-inch hole with a bolted cover, for access to the i
'

top of the tube bundle. The diameter of the handholes has been increased by 2 inches over the
handhole diameter for the System 80 steam generators (see Section 5.4.2). Nitrogen is supplied

'

to displace water and oxygen and maintain a overpressure of 5 psi when the secondary side of a
steam generator is drained but not open for maintenance, in order to protect the tube bundle from

'

corrosion (see Section 9.5.10.3).
1 i

Work control procedures to minimize the probability of leaving a foreign object in a steam
generator after inspection, maintenance or repair are the responsibility of the owner-operator.

In addition to the steam generator provisions for inspection access, the System 80+ Standard-

Design has a Loose Parts Monitoring System (see Section 7.7.1.6.3) with sensors on the steam
generator secondary shells, as an aid to the operator in detecting the presence of a foreign object. :

i
'

* Steam Generator Tube In-service Inspection:'

The design of the steam generator tubes permits full-length inspection of the tubes from the point4

of entry on the hot leg side to the tube end on the cold leg side, and vice versa. To make
. personnel and equipment access for in-service inspection easier and quicker, the diameter of the
two primary head manways has been increased to 21 inches from the 16-inch diameter of the
System 80 steam generator primary head manways (see Section 5.4.2). The design permits4

expeditious removal and attachment of the manway covers using multiple stud tensioning'

! equipment.

[[The COL applicant will establish a surveillance program for regular inspection of steam generator
tubes (see Section 5.4.2.5 and Chapter 16, Surveillance Requirement 3.4.12.2).]]3

1 ,

g .

V.

I COL information item: see DCD Introduction Section 3.2.,

| Annreved Den @n annenoner . neeekreten er semy usues pay,20.2-7s

.- . -



System 80+ Design ControlDocument

* Secondary Water Chemistry and Impurity Control:

Secondary water chemistry guidelines are given in Section 10.3.5, and incorporate the guidelines |
contained in Steam Generator Owners' Group Special Report EPRI-NP-6239 (Reference 4) which |

supersedes Reference 3. Section 10.3.5 provides operating chemistry limits for secondary steam |
generator water, feedwater and condensate. The secondary water limits are divided into three

'

groups: normal, abnormal and immediate shutdown. The normal limits can be maintained when
cperating with little or no condenser leakage. The abnormal limits permit operation at reduced
power with minor system fault conditions until the affected component can be isolated and/or
repaired. The immediate shutdown limits represent chemistry conditions at which continued
operation could result in severe steam generator corrosion damage. Guidelines for operator action
on reaching each of these limits are provided.

The main condenser is described in Section 10.4.1. The condenser is non-safety-related, and no

specific guidelines are provided for an in-service inspection program since maintenance of the
secondary chemistry limits given in Section 10.3.5 is considered adequate protection for the steam
generators. If condenser leakage at a specific plant site makes this difficult, the owner-operator
has an economic incentive to implement a condenser inspection / preventive maintenance program

appropriate to the site conditions.

Primary-to-Secondary Coolant Leakage Limit:*

A technical specification (see Chapter 16) is provided for allowable primary-to-secondary leakage
rate. Detection of leakage is enhanced through the use of Nitrogen-16 and area radiation monitors.

Primary Coolant Iodine Activity Limit:*

A technical specification is provided for the surveillance of and allowable limit for primary coolant
iodine activity. The System 80+ Standard Design has high head high pressure safety injection, so
that additional requirements are not necessary.

Safety Injection Signal Reset Logic:*

The NRC recommended action is not applicable to the System 80+ Standard Design. The
recommendation arose from a problem noted during a SGTR event at the R.E. Ginna Plant in 1982
involving the automatic changeover of safety injection pump suction from the boric acid storage
tanks to the external refueling water storage tank, in relation to the status of the safety injection
signal. The System 80+ Standard Design has an in-containment refueling water storage tank
which also serves as the containment sump, and from which the safety injection pumps always
draw water when operating. No suction changeover is necessary at any time during an event in
which safety injection is required.

In addition to the provisions described above which facilitate adoption of the operational measures
recommended in GL 85-02, the System 80+ Standard Design has many other design features which
enhance the maintenance of steam generator tube integrity, such as:

Steam generator tubes made of thermally treated Inconel 690, which has favorable corrosion*

resistance properties including superior resistance to primary and secondary cracking (see Section
5.4.2),
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|

!
.

* Steam, feedwater and condensate systems employing materials resistant to corrosion and the
generation of corrosion products which can be transported into the steam generators (see SectionE

10.3.6),

High capacity steam generator blowdown system, and a secondary side circulation system for*
,

chemistry control during wet layup (see Section 10.4.8 and 5.4.2, respectively),

Main condenser with provisions for early detection of tube leaks, and segmented design permitting*

repair of leaks while operating at reduced power (see Section 10.4.1), and ;

Condensate system with full flow condensate polisher to remove dissolved and suspended ;*

impurities. (see Section 10.4.6).

Since the plant design as previously described facilitates the owner-operator's adoption of the applicable
measures recommended in GL 85-02, and the recommended operating limits are also provided, this issue
is resolved for the System 80+ Standard Design.

References

1. NUREG-0844, "NRC Integrated Program for the Resolution of Unresolved Safety Issues A-3, A-4,
and A-5 Regarding Steam Generator Tube Integrity," U.S. Nuclear Regulatory Commission,
September 1988.

2. Generic Letter (GL) 85-02, Staff Recommended Actions Stemming from NRC Integrated ProgramO for Resolution of USI's Regarding Steam Generator Tube Integrity, U.S. Nuclear Regulatory
,
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I

Commission, April 1985.

3. EPRI-NP-2704SR, Steam Generator Owners' Group, "PWR Secondary Water Chemistry )
|Guidelines," Electric Power Research Institute, October 1982.

f
4. EPRI-NP-6239SR, Steam Generator Owners' Group, "PWR Secondary Water Chemistry 1

Guidelines, Revision 2," Electric Power Research Institute, December 1988. i

20.2.53 Anticipated Transients Without Scram (ATWS)
l

Issue |
!

Generic Safety Issue A-09 addresses the issue of assuring that the reactor can attain safe shutdown after |

incurring an anticipated transient with a failure of the Reactor Trip Systeni(RTS). An ATWS is an
expected operational transient (such as a loss of feedwater, loss of condenser vacuum, or loss of offsite
power to the reactor) which is accompanied by a failure of the RTS to shut down the reactor.

Acceptance Criteria

' The acceptance criterion for the resolution of GSI A-09 is that the reactor must be capable of reaching
a safe shutdown condition as identified in 10 CFR 50.62 (Reference 1), after incurring an anticipated
transient and a RTS failure.

D.
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Specifically:

1. To meet section (c)(1) ("the mitigation requirement") of 10 CFR 50.62, plant equipment must
automatically initiate emergency feedwater and turbine trip under conditions indicative of an
ATWS. This equipment must function reliably and must be diverse and independent from the
RTS.

2. To meet section (c)(2) ("the prevention requirement") of 10 CFR 50.62, the plant must have a
scram system which is diverse and independent from the existing RTS.

Resolution

The System 80+ Standard Design contains safety and control grade systems designed to protect the plant
and mitigate the consequences of design basis events. These systems have the following design features:

1. The Plant Protection System (PPS) consists of the Reactor Protection System (RPS) and the
Engineered Safety Features Actuation System (ESFAS)(see Section 7.1.1.1).

The PPS is designed with both redundancy and diversity to maximize the ability to mitigate
transients. However, should an ATWS occur, the System 80+ Standard Design includes an
Alternate Protectic 3 System (APS) for mitigation.

2. The APS augments the RPS to address 10 CFR 50.62 requirements for the reduction in risk of
ATWS and for the use of ATWS Mitigating Systems Actuation Circuitry (ASMAC).

iThe APS design includes an Alternate Reactor Trip Signal (ARTS) and Alternate Feedwater
|

Actuation Signal (AFAS) that are separate and diverse from the PPS (Section 7.7.1.1.11). The
APS equipment provides diverse and independent mechanisms to reduce the possibility of an
ATWS and to provide additional assurance that an ATWS event could be mitigated.

3. The ARTS will initiate a reactor trip when pressurizer pressure exceeds a predetermined value (see |
Table 7.7.1). Turbine trip signals can also initiate ARTS if the Reactor Power Cutback System ;

is out of service. The ARTS turbine trip input is manually enabled from the main control panel. |

The ARTS circuitry is diverse and independent from that of the RPS. The ARTS design uses a
twoeut-of-two logic to open the motor-generator output contactors, thus removing motive power
to the Reactor Trip Switchgear System (see Figure 7.7-12). In addition, ARTS provides for a
turbine trip through a relay which is p_pgi part of the PPS or APS.

4. The AFAS will start emergency feedwater to a steam generator when the level in that steam
generator decreases below a predetermined value (see Table 7.7.1). Its circuitry is diverse from
that of the RPS. Actuation of the EFW (pumps and valves) is achieved by sending isolated AFAS
signals to the Engineered Safety Feature Component Control System described in Section 7.3.

In summary, the System 80+ Standard Design includes a control grade APS that supplements the RPS
and provides a diverse and independent means of reactor trip. Also, the APS supplies a control grade
AFAS which maintains a diverse and independent method of automatically initiating emergency
feedwater. Since the APS is designed to meet 10 CFR 50.62 as identified in Section 7.7.1.1.11, this |

issue is resolved for the System 80+ Standard Design.
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t
t References

1. Code Of Federal Regulations, Title 10, Pan 50, Section 62, " Requirements for Reduction of Risk -

From Anticipated Transients Without Scram (ATWS) Events for Light-Water-Cooled Nuclear
i Power Plants."
'

,

20.2.54 Fracture Toughness of Steam Generator and Reactor Coolant Pump Supports
i

Issue !

Unresolved Safety issue A-12 addresses minimizing the susceptibility for lamellar tearing and low fracture'

toughness of major reactor coolant system (RCS) component suppons.

During the course of licensing the North Anna Units 1 and 2, a number of questions were raised as to '

the potential for lamellar tearing (a cracking phenomenon that occurs beneath welds involving rolled steel
plate) and low fracture toughness of the steam generator and reactor coolant pump (RCP) suppon ;

:
materials. Concerns regarding the supports at Nonh Anna have been found to apply to all PWR's.

.

With regard to lamellar tearing, the results of an extensive literature survey conducted by Sandia, see4 '

NUREG/CR-3009 (Reference 1) and discussed by the NRC in NUREG-0577 (Reference 2) concluded '

that, although lamellar tearing is a common occurrence in structural steel construction, vinually no4

documentation exists describing in-service failures of nuclear power plant suppons from lamellar tearing.
The NRC also stated in NUREG-0577 that preliminary research conducted by EPRI concluded that ,

lamella' tearing is generally detected and corrected during construction and that a reasonable safety factorp r
d on strength can bound experimental results governing the lamellar tearing phenomenon. Subsection NF

of the ASME Code therefore, provides for adequate toughness of reactor coolant system supports.
,

:

I A'=*a= Criteria

The acceptance criterion for the resolution of USI A-12 is that the major RCS component supports must

i meet the requirements specified in Subsection NF of the ASME Code (Reference 3).

Resolution

System 80+ Standard Design Reactor Coolant Purap and Steam Generator supports are designed in
accordance with 10 CFR 50.55a (Reference 4) which further references accepted industry codes,-

including the ASME Code.
t

rThe relevant ASTM material specifications are identified in Table 5.2-2.

I System 80+ Standard Design steam generator supports consist of a sliding base bolted to an integrally 1

attached conical skirt which is mated to the steam generator (see Section .5.4.14.2, Paragraph B). Thei- ,

_
' steam generator also has lateral supports which are identified in Figure 5.4.14-3 (upper supports). The :

reactor coolant pump suppons are provided with four venical support columns, four horizontal support
columns, and two horizontal snubbers (see Se-tion 5.4.14.2, Paragraph C).

Major component suppons for the reactor coolant system are designed and fabricated in accordance withL

the ASME Code, Section III, Subsection NF, as described in Section 5.4.14. Thus, " code" materials are

;
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used in the fabrication of the supports; consequently the fracture toughness of these materials is in
accordance with code requirements. This issue is, therefore, resolved for the System 80+ Standard
Design.

References

1. NUREG/CR-3009, " Fracture Toughness of PWR Component Suppons," U.S. Nuclear Regulatory
Commission, February 1983. I

2. NUREG-0577; Revision 1, " Potential for Low Fracture Toughness and Lamellar Tearing in PWR
Steam Generator and Reactor Coolant Pump Supports," U. S. Nuclear Regulatory Commission,

October 1983.

3. American Society of Mechanical Engineers, Boiler & Pressure Vessel Code, Section III (Nuclear),
Ame'ican Society of Mechanical Engineers.

4. Code Of Federal Regulations, Title 10, Part 50, Section 55a, " Codes and Standards."

20.2.55 Snubber Operability Assurance

Issue

Unresolved Safety issue A-13 addresses snubber selection and operability for safety related systems and
components by identifying the need for:

1. a consistent means of determining snubber operability through standardized functional testing;

2. a set of criteria for selection and specification; and,

3. pre-service and inservice inspection programs.

Snubbers are utilized primarily as seismic and pipe whip restraints at operating plants. Their safety
function is to operate as rigid supports for restraining the motion of systems or components under
dynamic load conditions such as earthquakes and severe hydraulic transients, e.g., pipe breaks.

According to NUREG-0933, a .;ubstantial number of Licensee Event Reports (LER's), concerning
snubber operability, were issued by utilities. A review of these LER's showed that a variety of methods
were employed to determine the operability of the snubbers and that different types of snubbers were used
for systems with similar configurations.

Acceptance Criteria

The acceptance criterion for the resolution of USI A-13 is that the dedgn, specification, installation, and
in-service operability of snubbers must meet the intent of the guidance given in SRP Section 3.9.3
(Reference 1).

Specifically, during the design of safety systems or components for which snubbers are to be used,
sufficient consideration should be given as to their unique application, i.e., their response to normal,
upset, and faulted conditions and the effect of these responses on the associated system and/or component.
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'

Resolution .

For the System 80+ Standard Design, snubbers are minimized by using design optimization procedures .

(see Section 3.9.3.4). However, where required, snubber supports are used as shock arrestors for safety- ;

related systems and components. Snubbers are used as structural supports 4tring a dynamic event such
E - as earthquake or pipe break, but during normal operation act as passive devices which accommodate

normal expansions and contractions without resistance. ;

:

- ' Assurance of snubber operability for the System 80+ Standard Design is provided by incorporating I

; - analytical, design, installation, in-service, and verification criteria. The elements of snubber operability .

!
assurance include:,

4 1. Consideration of load cycles and travel that each snubber will experience during normal plant
e

operating conditions.

| 2. Verification that the thermal growth rates of the system do not exceed the required lock-up velocity
,

.

|
: of the snubber.
7

-

;

i 3. Appropriate characterization of snubber mechanical properties in the structural analysis of the

i snubber-supported system.

4. For engineered, large bore snubbers, issuance of a design specification to the snubber supplier,
i describing the required structural and mechanical performance of the snubber with respect to:

activation level, release rate, spring rate, dead band, and drag as specified in the draft Regulatory

; Guide SC-708-4 (Reference 2). Subsequent verification that the specified design and fabrication |

j. requirements were met. j

System 80+ Standard Design will meet the intent of the draft Regulatory Guide (Reference 2). |
|t

Rod velocity at valve closure will be tested on each snubber to confirm activation level.' *
I

i
: 1

* The release rate (bleed rate) of each snubber will be tested statically at full faulted load.
'

The spring rate of each snubber will be tested statically at full faulted load. Dynamic spring*

rate will be calculated based on dynamic test data of a similar qualification snubber.

! e Dead band will be included in the dynamic spring rate determination.

* Frictional resistance to movement (drag) will be verified by testing.

| Dynamic faulted load testing will not be performed. Dynamic testing oflarge bore snubberse
at full load is not practical due to limitations of testing facilities.

e Dynamic tests shall be done at room temperature and at design temperature if practical, for,

a qualification unit.

6The application of at least 5 x 10 cycles of an axial vibration with a low amplitude is not*

appropriate for large bore snubbers used as major component supports and will not be |
-

;N performed.
'

:
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5. Verification that snubbers are properly installed and operable prior to plar2 operation, through
visual inspection and through measurement of thermal movements of snubber-supported systems
during start-up tests.

6. A snubber in-service inspection and testing program, which includes periodic maintenance and
visual inspection, inspection following a faulted event, a functional testing program, and repair or
replacement of snubbers failing inspection or test criteria.

In Sununary, during the design of safety-related systems or components for which snubbers are to be
used, sufficient consideration is given as to their unique application, (i.e., their response to normal, upset
and faulted conditions and the effect of these responses on the associated system and/or component). Thus
the design, specification, installation, and in-service operability of snubbers meets the intent of SRP
Section 3.9.3 and this issue is resolved for the System 80+ Standard Design.

References

1. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants - LWR Edition," U.S. Nuclear Regulatory Commission.

2. DRAFT Regulatory Guide (SC-708-4), February 1981.

20.2.56 Systems Interactions in Nuclear Power Plants

Issue

Unresolved Safety issue A-17 addresses the concern that inconspicuous or unanticipated interdependences
may exist between systems and may result in a degradation of the predicted capability of safety systems
in an accident or transient.

The design of a nuclear power plant includes interdisciplinary reviews to assure the functional
compatibility of the plant structures, systems, and components and compliance with licensing
requirements. Safety reviews and accident analyses provide further assurance that system functional and
licensing requirements will be met. Thus, the design and analyses of the plant take into account systems
interactions. Nevertheless, the process may not consider all the interactions of various plant systems.
Questions have becn raised both as to the supporting roles such systems play and the effect one system
can have on other systems, particularly with regard to the presumed redundancy and independence of
safety systems.

Because of the complex, interdependent network of systems, components and structures that constitute
a plant, the NRC found it necessary to focus on specific types of interactions in order to conduct a
manageable investigation of the issue. Five types of adverse system interactions (Asis) were defined,
and a search of operating experience documented in licensee event reports (LERs) was perfomied. The ;

results were documented in NUREG/CR-3922 (Reference 1) and assessed in terms of existing and I

potential remedial actions in NUREG/CR 4261 (Reference 2). Results of the study were ambiguous, and
the NRC concluded that requiring a new review methodology was not an effective way to resolve the
systems interaction issue.

;

In its regulatory analysis in WREG-1229 (Reference 3), the NRC concluded that for future plants the i

existing SRPs (Reference 4) in general cover the Asis of concern, except for the areas of internal <

flooding and water intrusion. A flooding event could cause a transient and also disable the equipment
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n
! needed to mitigate the consequences of the event. NUREG-1174 (Reference 5) provides guidance in this(V area and references NRC Information Notices regarding operating plant experiences. The NRC plans

to develop an SRP relative to flooding and water intrusion, but otherwise not issue new requirements.
In the meantime, the NRC recommends that plant designers keep current on lessons learned from
operating experience as reported in LERs, and that the Probabilistic Risk Assessment (PRA) required for
a future plant be also considered as a tool to help uncover ASIS.

Acceptance Criteria

The acceptance criterion for the resolution of USI A-17 is that attention shall be paid in the detailed plant
design to detecting and minimizing the potential for ASIS due to the effects of flooding and water
intrusion from internal plant sources, such as the incidents at operating plants referenced in NUREG-
1174. The objective is to preserve the means for reaching and maintaining a safe hot shutdown.

In addition, consideration should be given using the overall plant PRA to identify Asis, es;-ecially with
regard to concerns based on operating experience documented in LERs and/or NRC Information Notices.

Resolution

ASIS are difficult to predict or detect, and are determined by the specific, detailed system designs and
layouts. They may also be influenced by building design features.

|
For the System 80+ Standard Design, therefore, consideration is given during the development of the |

77 plant design to identifying and ameliorating potential ASIS, particularly with regard to flooding and water

h intmsion events which are not covered by current SRPs, as discussed in NUREG-ll74. These events j

include water or moisture release from sources internal to plant structures, and may involve only small
amounts of water and subtle communication paths to sensitive equipment such as electrical cabinets.

The design process for System 80+ addresses the requirements to evaluate potential adverse systems
interactions. A basic design requirement for plant general arrangements, safeguard systems and
instrumentation was to maintain separation of components and power supplies so that adverse systems
interactions, such as those identified in this RAI, would not occur. No adverse systems interactions have
been identified nor are any expected.

As part of the normal design process, evaluation of the potential for ASI will continue. Any ASIS that
are identified will be resolved so that the final design will not retain any ASIS which can have a
significant impact on performance.

ITAAC will be available to provide assurance that the facility is constructed and can be operated in
conformity with the certified design. The ITAACs will be performed in conjunction with the tests and
inspections required under the provisions of 10 CFR Part 50. The scope of these combined test and
inspection programs is such that ASIS not identified and resolved during the design process would be
found in the course of executing the programs to bring the plant to an operational state. The impact of
Asis identified in this manner would be evaluated and corrective actions taken, as appropriate.

At the same time, the design is evaluated for its vulnerability to ASI's identified from previous designs
or experienced at operating plants and reported in LERs and/or NRC Information Notices. This

/ ) evaluation has been made for each of the interaction incidents resulting from water intrusion at operating
V plants described in the NRC Information Notices referenced in NUREG-1174, to identify the features of

. the System 80+ Standard Design which should ensure prevention of a similar interaction.
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The analytical models developed for the System 80+ Standard Design PRA have the capability to
evaluate the impact of any systems interaction detected which appears to be significant.

To summarize, the design process for the System 80+ Standard Design takes into account the possibility
for interaction between systems to occur that may degrade plant safety but are not easily recognizable.
To the extent practicable, as the design progresses these interactions will be identified. Their impact on
safety will be evaluated, and the necessary corrective steps will be taken. This issue is therefore resolved
for the System 80+ Standard Design.

References

1. NUREG/CR-3922, " Survey and Evaluation of System Interaction Events and Sources," U.S.
Nuclear Regulatory Commission, January 1985.

2. NUREG/CR-4261, " Assessment of System Interaction Experience at Nuclear Power Plants," U.S.

Regulatory Commission, June 1986.

3. NUREG-1229, " Regulatory Analysis for Resolation of USI A-17," U.S. Nuclear Regulatory
Commission, August 1989.

4 NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants - LWR Edition," U.S. Nuclear Regulatory Commission.

5. NUREG-1174, " Evaluation of Systems Interaction in Nuclear Power Plants - Technical Findings
Related to Unresolved Safety Issue A-17," U.S. Nuclear Regulatory Commission, May 1989.

20.2.57 Qualification of Class 1E Safety Related Equipment

Issue

Unresolved Safety Issue A-24 addresses the adequacy of environmental qualification methods and
acceptance criteria for Class IE electrical equipment.

The NRC initially required license applicants to qualify all safety-related equipment to IEEE Std. 323
(Reference 1). Some of the industry qualification methods and concepts proposed in accordance with this
standard, such as testing margins, aging effects, and the simulation of worst case environments, were not
resolved to the satisfaction of the NRC. It was therefore decided that a generic approach should be
developed under USI A-24 to expedite the review and assessment of equipment qualification methods used
by vendors.

All major NSSS vendors and architect engineers submitted topical reports on their methods of
environmental qualification which were reviewed by the NRC and the results documented in
NUREG-0588 (Reference 2). In a subsequent rulemaking,10 CFR 50.49 (Reference 3) established the
requirement for an environmental qualification program for Class IE electrical equipment together with
rules for its content. References 1 and 2 comprise the bases for the rules. Regulatory Guide 1.89 was
then revised (Reference 4) to describe an acceptable method for complying with 10 CFR 50.49.

Dynamic and seismic qualification of Class IE electrical equipment was not included in the scope of 10
CFR 50.49. Existing dynamic and seismic qualification requirements are identified in Regulatory Guide
1.100 (Reference 5).
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(J Acceptance Criteria

The acceptance cliteria for the resolution of US: A-24 are that safety related electrical equipment shall
be environmentally qualified in accordance with 10 CFR 50.49, and dynamically and seismically qualified
in accordance with the acceptance criteria of Regulatory Guide ;.iO?.

Resolution

Environmental design and qualification are described in Section 3.11. The Class IE electrical equipment
(including pump and valve motors and electrical accessories) of the System 80+ Standard Design is
environmentally qualified by the methods documented in the NRC-approved report CENPD-255-A,
Revision 3 (Reference 6). These methods are in accordance with the guidance of IEEE Std. 323
(Reference 1), NUREG-0588, Regulatory Guide 1.89 Revision 1, and the generic requirements of 10
CFR 50.49 as described in Section 3.11.

Equipment required to mitigate the consequences of a design basis accident (DBA) or to attain a safe
shutdown of the reactor is tabulated in Appendix 3.1IB, which indicates both its location and, in part by
a cross-reference to Appendix 3.11 A, typical normal and accident environments in that location including
integrated radiation doses. Typical worst case environmental conditions (temperature, pressure, humidity,
integrated radiation dose, and exposure to chemicals) are given in Appendix 3.11 A and cover the 60-year
design lifetime. Conditions are tabulated for normal operation in and outside of containment, and for
loss-of-coolant accident (LOCA) and main steam line break inside containmut (MSLB).

Environmental qualification tests and analyses are addressed in Section 3.11.2. The equipment listedO

) in Appendix 3.11B is required to be desiped for 60 years '.i cxposure to normal operating conditions
and afterward having the capability of rer.v.hing functional n th e environmental conditions expected at
the equipment location during and after the umiting DBA as thated in Appendix 3.11 A. Qualification
tests and analyses of electrical equipment for the effects of aging, radiation, temperature, humidity,
chemical spray, submergence, and power supply variation, as applicable, are performed and the results
docunented in accordance with CENPD-255-A, Revision 3.

Dynamic and seismic qualification testing and analysis of the electrical equipment listed in Appendix
3.11B are addressed in Section 3.10 except for pump motors and valve motor operctors, which are
addressed in Section 3.9.2.2. The tests and analyses are performed in accordance with IEEE Std. 344
(Reference 7), which is endorsed by Regulatory Guide 1.100,

in summaty the Class IE electrical equipment is qualified for (a) the environment in which it is required
to operate, including a limiting DBA at the end of design life, in accordance with 10 CFR 50.49, and
(b) the seismic and dynamic conditions which it is required to withstand i1 accordance with the
recommendations of Regulatory Guide 1.100. This issue is therefore resolved for the System 80+
Standard Design.

1

References

1. IEEE Std. 323-1974, "IEEE Standard for Qualifying Class IE Equipment for Nuclear Power
Generating Stations," Institute of Electrical and Electronics Engineers.

O 2. NUREG-0588, " Interim Staff Position on Environmental Qualification of Safety-Related Electrical
V Equiprnent," U.S. Nuclear Regulatory Comnussion, July 1981.

|

*

Appueeed W nenwin! Reeobotion of Sektyissues Page 20.2-81

!



p

System 80+ Design ControlDocument

3. 10 CFR 50.49, " Environmental Qualification of Electric Equipment Important to Safety for
Nuclear Power Plant," Office of the Federal Register, National Archives and Records
Administration.

4. Regulatory Guide 1.89 Revision 1, " Environmental Qualification of Certain Electric Equipment
important to Safety for Nuclear Power Plants," U.S. Nuclear Regulatory Commission, June 1984.

5. Regulatory Guide 1.100 Revision 2, " Seismic Qualification of Electric and Mechanical Equipment
for Nuclear Power Plants," U.S. Nuclear Regulatory Commission, June 1988.

6. CENPD-255-A, Revision 3, " Qualification of Combustion Engineering Class 1E Instrumentation,"
Combustion Engineering, October 1985.

7. IEEE Std. 344-1987, " Recommended Practice for Seismic Qualification of Class IE Equipment
for Nuclear Power Gene 4ating Stations," Institute of Electrical and Electronics Engineers.

20.2.58 Non Safety Loads on Class IE Power Sources

Issue

Generic Safety Issue A-25 addresses the potential safety degradation of a Class IE power system caused
by its connection to a non-safety-related power source or load.

There are two approaches to assuring the reliability of the safety-related system Clw IE power supplies
for future plants. The first approach is to restrict the connection of primarily safety loads to Class IE
power supplies. [In previous designs, non-safety electrical equipment was connected to Class IE power
supplies (i.e., the emergency diesel generators) to provide a source of power during Loss-Of-Offsite-
Power (LOOP) events.]

The second approach is to limit the connection of non-safety-related electrical equipment to the Class IE
power systems and assure that when this equipment is connected to the Class IE power system that the
equipment and the connections conform to the requirements for independence, electrical isolation, and
physical separation. These requirements are identified in IEEE Standard 384-1981 (Reference 1), and
guidance is provided in Regulatory Guide 1.75, Revision 2 (Reference 2). [ Supplemental information on
Class 1E safety systems may be found in IEEE Standard 603-1980, ANSI N42.7-1972 and IEEE Standara
308-1980,(References 3,4 and 5 respectively).]

Both industry and the NRC, through IEEE Standard 384-1981 and Regulatory Guide 1.75, have
determined that these design requirements provide an acceptable means of achieving an adequate level
of reliability for the Class IE power supplies. Therefore, a commensurate level of safety for the safety
systems is assured.

Acceptance Criteria

The acceptance criterion for the resolution of GSI A-25 is that the reliability and level of safety of Class
IE power sources and the safety systems which they supply may not be degraded by the sharing ofloads
between safety-related systems and non-safety-related systems.

Specifically, the second approach, identified in the issue statement, shall be used in establishing an
acceptable level of reliability and safety for Class IE power sources and safety-related systems.
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Q This shall be accomplished by assuring that the interface between safety-related and non-safety-related |

equipment on Class 1E power sources and safety-related systems is adequately controlled by meeting the
independence, electrical isolation, and physical separation requirements identified in IEEE Standard 384-
1981 ar.d other applicable standards, References 1, 3,4 and 5, respectively, taking into consideration ,

'

the guidance provided in Regulatory Guide 1.75, Revision 2.

Resolution

The System 80+ Standard Design incorporates the second approach for assuring the reliability and
adequate level of safety for the Class IE power sources and safety-related systems by the selective
connection of non-safety-related equipment and strict control of the interface between the non-safety-
related equipment and Class IE power system.

The System 80+ !. wdard Design contains safety-related instrumentation and controls and supporting
systems which are essential for the safe operation and shutdown of the reactor. These systems are
identified in Section 7.1.1. Each safety-related system conforms to the requirements of IEEE Standard
384-1981 and General Design Criteria 3 and 24 of 10 CFR Part 50, Appendix A, and meets the intent
of Regulatory Guide 1.75. Design requirements have been specified such that the power supply and each
safety system have the same reliability. These requirements are described in Sections 8.1.3 and 8.1.4
and refer to IEEE Standard 384-1981 as supplemented by Regulatory Guide 1.75 Rev. 2. Section

8.3.1.2.7 also addresses IEEE Standard 279-1971 (Reference 6) system level requirements for safety
related Class IE power supplies and equipment.

/ In the System 80+ Standard Design, a separate emergency power supply provides power to non-safety-

V] related equipment during " LOOP" events. This separate power supply, which is designated the Alternate
AC Source, minimizes the connection of non-safety-related equipment to Class IE power supplies.
The power source reliability is thereby improved.

For the limited cases in which non-safety-related equipment must be connected to Class IE power
supplies, the System 80+ Standard Design adheres to the special design requirements which have been
adopted by the NRC. These requirements are identified in IEEE Standard 384-1981 and promulgated
in Regulatory Guide 1.75 and in the Standard Review Plan (Reference 7). The bases for these
requirements are physical separation, electrical isolation, and circuit independence.

Since both the safety systems and their Class IE power supplies conform to the requirements of IEEE
Standard 384-1981 and meet the intent of Regulatory Guide 1.75, Rev. 2, an acceptable level of safety
exists for both the safety systems and their Class IE power supplies. Therefore, this issue is resolved
for the System 80+ Standard Design.

References

1. IFEE Standard 384-1981, " Criteria for Separation of Class IE Equipment and Circuits," The
Institute of Electrical and Electronics Engineers, Inc.

2. Regulatory Guide 1.75, Rev. 2, " Physical Independence of Electric Systems," U.S. Nuclear
Regulatory Commission, September 1978.

3. IEEE Standard 603-1980, " Standard Criteria for Safety Systems for Nuclear Power Generating
Stations," The Institute of Electrical and Electronics Engineers, Inc.'"
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4. ANSI N42.7-1972, " Criteria for Protection Systems for Nuclear Power Generating Stations,"
American National Standards Institute.

5. IEEE Standard 308-1980, " Criteria for Class IE Electric Systems for Nuclear Power Generating
Stations," The Institute of Electrical and Electronic Engineers, Inc.

6. IEEE Standard 279-1971, " Criteria for Protection Systems for Nuclear Power Generating
Stations," The Institute of Electrical and Electronic Engineers, Inc.

7. NUREG-0800, " Standard Review Plan for The Review of Safety Analysis Reports for Nuclear
Power Plants - LWR Edition," U.S. Nuclear Regulatory Commission.

20.2.59 Reactor Vessel Pressure Transient Protection

Issue

Unresolved Safety Issue A-26 in NUREG-0371 (Reference 1), deals with ensuring that adequate
protection from Reactor Vessel Pressure Transients is provided.

According to NUPIG-0933 and NUREG-0244 (References 2 and 3) there have been, since 1972, over
30 reported events of pressure transients which have exceeded the pressure-temperature limits of
pressurized water reactor vessels. These limits are identified in the technical specifications for each
vessel and are based on the requirements of Appendix G to 10 CFR 50 (Reference 4). The majority of
these events occurred at relatively low reactor vessel temperatures at which the material has less 4
toughness and is more susceptible to failure through brittle fracture. Therefore, the margin of safety to
vessel failure under low temperature conditions is reduced. The safety margin will be further reduced
by the reduction in the toughness properties of the vessel caused by neutron irradiation.

Acceptance Criteria

The acceptance criterion for the resolution of USI A-26 is that adequate measures for protection of the
reactor vessel from pressure transients shall be included in the system design.

Specifically, the acceptance criteria for the overpressure protection system are based on meeting the intent
of the relevant guidance identified in SRP Section 5.2.2 Rev. 2 (Reference 5).

Specific acceptance criteria necessary to meet the requirements of General Design Criteria 15 and 31 in
10 CFR 50 Appendix A (Reference 6) are as follows:

For overpressure protection during power operation of the reactor, the pressurizer shall be*

designed with sufficient capacity to preclude actuation of safety valves during normal operational
transients.

Safety valves shall be designed with sufficient capacity to limit the pressure to less than 110% of
the reactor coolant pressure boundary design pressure (as specified by the ASME B&PV Code in
Reference 7), during the most severe abnormal operational transient and with the reactor
scrammed.

Also, sufficient margin shall be available to account for uncertainties in the design and operation
of the plant.
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The low temperature, overpressure protection (LTOP) system shall be daigned in accordance with;' ') *

the requirements of Branch Technical Position RSB 5-2 (Reference 5). The LTOP system shall
be operable during startup and shutdown conditions below the enable temperature.

F.esolution

The System 80+ Standard Design incorporates a variety of methods to assure the integrity of the Reactor
Coolant System (RCS). The RCS is designed in accordance with 10 CFR 50.55a (Reference 8) which
further references the ASME B&PV Code and other accepted industry codes and standards. In addition,
the reactor coolant pressure boundary is defined in accordance with ANSI /ANS 51.1 (Reference 9).
Further, there are a number of systems and components that ensure the integrity of the RCS, induding:

1. Reactor Protective System

Initiates a reactor trip to protect the RCS pressure boundary in the event of high pressurizer
pressure, see Section 7.2. I

2. Reactor Coolant System Components
1

* }>rimary Safety Valves

These are sized using a conservative Design Basis Event, namely a loss of turbine load with
a delayed reactor trip and in accordance with the ASME B&PV code to limit the pressure !

./] boundary design pressure; see Section 5.2.2, and Appendix 5A.

b)
Large Volume Pressurizer*

The RCS pressurizer has a larger volume than the System 80 pressurizer which permits a
larger range of transients and reduces the challenges to safety valves; see Table 5.4.10-1.

* Steam Generator Secondary Safety Valves

These valves are conservatively sized to pass excess steam flow to limit steam generator
pressure to less than 110% of steam generator design pressure during the worst case
transients; see Section 5.2.2, and Appendix 5A.

3. Shutdown Cooling System (SCS)

This system provides for overpressure protection of the RCS at reduced temperatures and pressures
and therefore addresses the LTOP issue. The over-pressure protection for the RCS is
accomplished by providing a relief path through special LTOP relief valves incorporated in the
SCS for the RCS during heatup and cooldown. The LTOP relief valves are sized and adjusted to
the appropriate setpoint(s) to ensure adequate overpressure protection for the RCS at reduced
temperatures and pressures; see Section 5.2.2.10.

System 80+ Standard Design is designed to provide adequate overpressure protection for the
RCS! Reactor Coolant Pressee Boundary by incorporating the systems and components described above.

| ) This issue is, therefore, resolv, d for the System 80+ Standard Design.
'J
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20.2.60 Nuclear Power Plant Design for the Reduction of Vulnerability to Industrial Sabotage i

Issue |
|

Generic Safety Issue A-29 addresses the susceptibility of nuclear power plants to industrial sabotage, the j

resulting risk to plant safety, and the countermeasures to assure an acceptable level of protection.

Consideration should be given to sabotage during the design phase of the plant. The goal would be to j

achieve an acceptable level of protection of a plant to industrial sabotage by emphasizing design features j

which reduce the likelihood of the plant incurring damage from industrial sabotage, both internal and i

external.

New design features (e.E., relocating e 'rgency feedwater tanks to building interiors, increasing the
,

monitoring, separation and independence of plant protection systems, providing additional back-up sources ]
of power) which provide countermeasures to sabotage must be consistent with plant safety requirements.

Acceptance Criteria

The acceptance criterion for the resolution of GSI A-29, is that plants shall be designed to be resistant !

to the effects of internal and external sabotage through prevention, deterrence, and mitigation. |

|

!
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n
IV) Specifically, plant safety-related systems and components required for the safe operation and shutdown

of the plant shall be designed for protection against and mitigation of sabotage.

Resolution

The System 80+ Standard Design is configured to be sabotage resistant (See Chapter 13, Appendix 13A).

This is accomplished in various ways including:

locating safety-related equipment in secure areas and controlling personnel access;a.

2. designing for separation, independence, and redundancy of safe shutdown and support systems;

3. monitoring of equipment status continually (e.g., automated-testing of equipment);

4. evaluation and improvement of safe shutdown systems to provide for damage control measures in
the event of sabotage;

5. plant layout design to accommodate a variety of access zoning schemes; and

6. protection of design features located outside of plant buildings and structures which are more
vulnerable to r20tage,

g Included in the System 80+ Standard Design are a number of improved design features which enhance

Q] plant resistance to sabotage compared to those of a more traditional design:

Redesign of the emergency feedwater system (ERV) to function in the event of a loss of offsite-

and onsite power. This design accommodates coincident failure of a single active mechanical or
electrical component or the effects of a high or moderate-energy pipe rupture.

EFW storage tanks (2) which are designed so that each has a capacity to support full flow for 30-

minutes, if the initiating event is a main feedwater line break. The water supply available is
capable of maintaining the plant at hot standby for eight hours and then provide for an orderly
cooldown to shutdown cooling ero-' conditions.

- Locating the emergency feedwater storage tanks within the auxiliary building where access is
restricted.

Addressing station blackout by designing the steam-driven EFW components sud that they are-

capable of providing EFW to the steam generators coincident with a single failure. Betery backed
power is used to assure steam-driven pump discharge valves are open. The battery also pwers the
turbine governor speed control and steam generator level indication to provide control of steam
generator level. Also, an alternate AC power source is provided as an additional power source.

- Providing the shutdown cooling system with containment spray system piping cross-connects that
permit the containment spray pumps to supplement the shutdown cooling system should a shutdown
cooling system pump become inoperative. In addition, each containment spray and shutdown

O cooling system pump is physically separated from the other.
V
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Increasing the design pressure and piping schedule of the shutdown cooling system to 900 psig so-

that even if subjected to full RCS pressure, the pressure boundary does not fail.

Addition of the Safety Depressurization System (SDS) which permits an alternate and physically-

separate decay heat removal path (i.e. once through cooling) in the event the preferred decay heat
removal system is disabled.

- Relocating the refueling water storage tank into the containment thus restricting access and
teducing the likelihood of sabotage.

- Placing safety-related equipment (e.g., emergency safeguards components) within the containment
sub-sphere, where access is strictly controlled.

Limiting access to the control room. The Nuplex 80+ Control Complex is designed to limit access-

to the control room. The design reduces the number of required personnel needed in the
controlling workspace, yet provides direct monitoring (visual and via the data processing CRT's)
of the operator's actions and state of the plant from adjacent supervisory offices.

Designing the Nuplex 80+ instmmentation and controls to incorporate semi-automated and on-line-

testing features for the Plant Protection System and on-line monitoring of fluid and electrical
systems, thus enhancing the detection of sabotage.

Enhancing detection of plant sabotage through improved plant system monitoring. The Nuplex 80 +-

Data Processing System Design includes valve position monitoring, computer aided testing, and
success path monitoring of emergency safeguards features systems which aid m detecting abnormal
conditions and/or system degradation which may result from atyypted sabotage.

Designing the Nuplex 80+ instrumentation and controls to provide channel separation for many-

systems including separate equipment rooms for each safety channel. With adequate access control
to each channel, this design increases the difficulty in equipment sabotage.

In sununary, the System 80+ Standard Design is highly resistant to sabotage because of the design
features described, which protect against both internal and external sabotage. Therefore, this issue is
resolved for the System 80+ Standard Design.

20.2.61 Adequacy of Safety-Related DC Power Supplies

Issue

Unresolved Safety Issue A-30 addresses the reliability of DC power supplies used in the control and
actuation of safety-related components and systems.-

DC power systems in nuclear power plants provide control and motive power to a variety of safety-
related equipment including valves, instrumentation, emergency diesel generators, and many other
components and systems. This power is needed during abnormal shutdowns and accident situations, as
well as during normal operations. Presently, a minimum of two divisions of DC power are required to
supply control and motive power to this safety-related equipment; failure of one division would generally
cause a reactor scram for this type of configuration. Furthermore, if the independence of the two ,

divisions is compromised through the failure of a bus-tie breaker to function properly, then a fault in one
division could propagate to the redundant division resulting in a loss of redundancy.
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(n] The safety significance of a loss of the two divisions is that a total loss of DC power supplied to safety-
related equipment could occur thus prohibiting the equipment from performing its intended safety
function.

Acceptance Criteria

The acceptance criterion for the resolution of USI A-30 is that the reliability of safety-related DC power
supply systems shall be improved.

Specifically, the present configuration of DC power supplies used in current plant designs should be
replaced by a more reliable configuration on new plants using the following criteria: (1) All non-safety
related loads should be placed on completely separate non-safety-related DC power systems, and (2) the
safety-related (Class IE) DC supplies shall be divided into four physically and electrically separated
systems satisfying the requirement of General Design Criterion 17 in 10 CFR 50 Appendix A (Reference
1) for independence to reduce the probabilhy of reactor trip in the event of the loss of a single safety-
related DC bus.

Resolution

The System 80+ Standard Design provides dedicated DC electrical buses for non-safety-related electrical
loads and meets criterion I listed above, as described in Section 8.3.2.

The requirement for reducing the probability of reactor trip in the event of a loss of a single safety-related
A, bus (criterion 2) is met by the System 80+ Standard Design, also as described in detail in Section 8.3.2.

V As shown in Figure 8.3.2-2, the safety-related (Class IE) DC power supply system consists of for.t
separate isolated channels. The DC bus from each channel can be isolated from its battery bank and
alternately supplied from its division's DC bus. For typical Class IE DC and AC instrumentation and
control power supply systems, either the Channel A or Channel C DC bus can be supplied from the
Division I, also a IE DC bus. Similarly, either the Channel B or Channel D bus can be supplied from
the D% ion II, also a IE DC bus. Cross-ties between buses, however, are isolated through two sets of |
mantally operated fusible disconnects. j

Furthermore, during normal operation, both switches are maintained in the open position. This method
of isolation satisfies the independence criterion of 10 CFR 50, Appendix A (General Design Criterion :

'

17). Thus, in the safety-related (Class IE) DC electrical distribution system design, the two safety
divisions are both physically and electrically isolated from each other and from the non-safety-related
(non-Class IE) division. That is, for this electrical distribution configuration, there are no bus cross-ties
between safety-related and non-safety-related buses, and therefore, a fault in one division cannot
propagate to the redundant division. In summary, the safety-related (Class IE) AC and DC bus
configuration meets the criterion for non-safety and safety-related load separation. This bus
configuration, therefore, reduces the likelihood of a reactor trip (in the event of a loss of a single safety-
related (Class IE) DC bus), and thus meets the requirements of 10 CFR 50, Appendix A (GDC 17).
Therefore, this issue is resolved for the System 80+ Standard Design.

References

1. 10 CFR 50 Appendix A, * General Design Criteria for Nuclear Power Plants,* Office of The

[GT Federal Register, National Archives and Records Administration.
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20.2.62 Residual Heat Removal Shutdown Requirements

Issue

Unresolved Safety issue A-31 addresses the safe shutdown of the reactor, following an accident or
abnormal condition other than a Loss of Coolant Accident (LOCA), from a hot standby condition (i.e.,
the primary system is at or near normal operating temperature and pressure) to a cold shutdown
condition. Considerable emphasis has been placed on long-term cooling which is typically achieved by
the residual heat removal (RHR) y stem which starts to operate when the reactor coolant pressure and
temperature are substantially lower than the hot standby values.

Even though it may generally be considered safe to maintain a reactor in a hot-standby condition for a
long time, experience has shown that there have been abnormal occurrences that required long-term
cooling until the reactor coolant syst::m was cold enough to perform inspection and repairs. For this
reason, the ability to transfer heat trom the reactor to the environment, after a shutdown resulting from
an accident or abnormal occurrence, is an important safety function. It is essential that a power plant be
able to go from hot standby to cold shutdown conditions subsequent to any accident or abnormal
occurrence condition.

Acceptance Criteria

The acceptance criterion for the resolution of USI A-31 is that the RHR system shall be designed so that
the reactor can be brought from a " Hot Standby" to a " Cold Shutdown" condition as described in SRP

Section 5.4.7 Rev. 3 (Reference 1).

Specifically, the RHR system shall meet the intent of the following functional requirements with respect
to cooldown:

1. The design shall be such that the reactor can be taken from normal operating conditions to cold
'

shutdown using only safety-grade systems. These systems shall satisfy 10 CFR 50 Appendix A
(Reference 2) General Design Criteria (GDC) I through 5.

2. The system (s) shall have suitable redundancy in components and features, and suitable
interconnections, leak detection, and isolation capabilities to assure that for onsite electrical power
system operation (assuming offsite power is not available) the system function can be accomplished
assuming a single failure.

3. The system shall be capable of being operated from the control room with either onsite or offsite
power available. In demonstrating that the system can perform its function assuming a single
failure, limited operator action outside of the control room would be considered acceptable, if
suitably justified.

4. The system (s) shall be capable of bringing the reactor to a cold shutdown condition, with either
offsite or onsite power available, within a reasonable period of time following a shutdown,
assuming the most limiting single failure.

In addition to the functional requirements listed above, there are certain additions! requirements for the
RHR system including, pressure relief, pump protection, test and operation.
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A
{) Also, there is a requirement that the emergency feedwater system shall have sufficient inventory to permit ,

operation at hot shutdown for at least 4 hours, followed by a cooldown to the conditions permitting
operation of the RHR system. The inventory needed for cooldown, shall be based on the longest
cooldown required with either onsite or offsite power available with an assumed single failure.

'

Resolution

The System 80+ Standard Design utilizes the Shutdown Cooling System (SCS), the Reactor Coolant Gas
Vent (RCGV) function of the Safety Depressurization System (SDS), the Atmospheric Dump Valves
(ADV), and the Emergency Feedwater System (EFW) as the preferred means to bring the reactor plant
from hot standby to a cold shutdown condition within a reasonable period of time. These safety-related
systems are normally operated from the control room and are described in Sections 5.4.7,6.7,10.1, and
10.4.9.

To reduce the reactor coolant system (RCS) temperature from hot standby to cold shutdown requires two j

phases. The initial phase of cooldown is accomplished by heat rejection from the steam generators (SG) j

to the atmosphere using the ADV. )

RCS pressure is normally reduced by use of auxiliary pressurizer spray (non-safety-related) from the
Chemical and Volume Control System. If t''s system is not available, the pres;urizer can be
depressurized by venting the pressurizer to the Reactor Drain Tank or the Incontainment Refueling Water
Tank via the RCGV.

N After the RCS conditions have been reduced to approximately 350 degrees F and 450 psia, the SCS is(d put into operation to further reduce and maintain RCS temperature at the refueling temperature (see |

Section 5.4.7.1). The SCS and the SG atmospheric steam release and EFW are used to cooldown the
reactor following a LOCA.

Non-LOCA accidents, such as steam or feedwater line breaks, and steam generator tube ruptures also are |
accommodated by the SCS (see Section 5.4.7.1). j

The SCS is highly reliable and is designed to perform its safety function assuming a single failure by i

incorporating suitable redundancy in components and power (see Sections 5.4.7.1.2 and 5.4.7.2.5). For
example, the SCS is designed with redundant components and power supplies such that the RCS can be
brought to cold shutdown using one of two redundant SCS trains. |

The EFW system is also highly reliable and is designed to function in the event of a loss of offsite and
onsite power. The design accommodates a coincident failure of a single active mechanical or electrical
component. In addition, the EFW system is capable of maintaining the plant in a hot standby condition
for eight hours and then providing for an orderly couldown to shutdown conditions (see Section
10.4.9.1.2).

In addition to normal offsite power sources, physically and electrically independent and redundant
emergency power supply systems are provided to power safety related components (see Sections 8.1.2
and 8.3).

The shutdown cooling system is designed to meet the intent of SRP Section 5.4.7, Rev. 3 with respect
to providing a means to bring the reactor plant from hot standby to cold shutdown under all accident or

C abnormal occurrence conditions, as described above. Therefore, this issue is resolved for the System
80+ Standard Design.-
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References

1. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants - LWR Edition," U.S. Nuclear Regulatory Commission.

2. 10 CFR 50 Appendix A. " General Design Criteria for Nuclear Power Plants."

20.2.63 Adequacy of Offsite Power System

Issue

Unresolved Safety Issue A 35 concerns the protection of safety-related equipment from the effects of a
sustained undervoltage condition or a rapid rate of decay of the frequency of the offsite power source as
well as interaction effects between offsite and onsite power sources. Associated testing requirements are

also addressed.

The p!mt operator historically has performed transient and steady-state stability analyses of the offsite
power system which were documented in the Safety Analysis Report (SAR). However, abnormal
occurrenco a? several operating plants indicated that a sustained undervoltage condition of the offsite
power scurce not detected by the existing loss of voltage relays could result in failure of redundant safety-
related equipment.

The NRC therefore evaluated the power systems of operating plants to determine the susceptibility of
safety-related electrical equipment to: (1) a sustained undervoltage condition on the offsite pow Aurce;
(2) a rapid rate of decay of the offsite power source frequency; and (3) interaction of the offsite and
onsite power sources. An additional factor evaluated was (4) the adequacy of testing requirements. New
criteria relative to factors (1), (3) and (4) above were issued in Branch Technical Position (BTP) PSB-1
" Adequacy of Station Electric Distribution System Voltages", which was incorporated in SRP Section
8.3.1, Appendix A (Reference 1). Frequency decay [ factor (2)] was found not to be a significant safety
issue.

Acceptance Criteria

The acceptance criterion for the resolution of USI A-35 is that the design and capability for test and
calibration of the under voltage protection schemes for the Class IE buses of the onsite power system
(while connected to the offsite power source) shall conform to the guidance of BTP PSB-1 in Appendix
A of SRP Section 8.3.1.

Specifically, a second level of voltage protection should be provided for Class IE equipment in addition
to the existing protection based on detecting the complete loss of offsite power to the Class IE buses.
The second level should have two separate time delays before alerting the control room operator and
automatically separating the Class IE buses from the offsite power source, respectively. Duration
of the time delays should ensure protection from sustained low voltage while avoiding disconnection from
the offsite source due to short term transients such as motor starting. The. undervoltage protection scheme
should have the capability of being tested and calibrated during powe. operation. Voltage levels at t.he
safety related buses should be optimized for the maximum and .ninimum load conditions that are
expected, throughout the anticipated range of offrite power source voltage variation. Technical
Specifications are to include limiting conditions of operation, sutveillance requirements, and protection
equipment setpoints.
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/m) Resolution(G
The conceptual design of an offsite power system and station switchyard for the System 80+ Standard
Design is given in Section 8.2. The interface requirements will ensure that the switchyard provides
redundant offsite power feed capability to the nuclear unit, consisting of two immediately available
preferred power circuits each capable of supplying the necessary safety loads and other equipment.

The System 80+ Standard Design onsite power systems are described in Section 8.3, and include two
redundant and independent 4160 volt Class IE safety buses. The 480 volt Class IE Auxiliary Power
System receives power from the 4160 volt Class IE buses through two load center transformers connected
to each bus. The 4160 volt safety buses normally receive power from the 4160 volt Normal Auxiliary
Power System, which in turn normally receives power from the unit turbine generator or the offsite
power system. The incoming source breakers trip upon loss of normal power, and emergency power is
provided to each Class 1E bus by separate and independent diesel generator units (the combustion turbine
alternate AC source can be substituted for either diesel generator if it is out of service). The Class IE
AC Power Systems are described in Section 8.3.1.1.2. Each Class IE 4160 volt safety bus is provided
with separate bus voltage monitoring schemes for undervoltage and loss of voltage conditions,
respectively, as described in Section 8.3.1.1.6. These protection schemes are designed according to the
recommendations of ANSI /IEEE Standard 741-1986 (Reference 2), which is consistent with the guidance
of BTP PSB-1. Two separate time delays are selected for undervoltage protection as recommended in
Appendix A of the ANSI /IEEE standard. In addition to the time delays, the undervoltage protection
schemes use coincidental logic (e.g., two-out-of-three phases) to avoid spurious trips from the offsite
power source.

Voltage levels at the Class IE buses are optimized for the full load and minimum load conditions that are
expected throughout the anticipated range of voltage variations of the power source by adjusting the
voltage tap settings on the transformers (see Section 8.1.3). The voltage levels are estab'Nhed by
analysis, and the analytical method is verified during pre-operational testing.

The System 80+ Class IE Auxiliary Power System '. designed in compliance with GDC 8 (Reference
3) so that inspection, maintenance, calibration and testing can be carried out with a minimum of
interference with operation of the nuclear unit, as described in Section 8.3.1.1.3.2. Redundancy of
design allows one system to be taken out of service for testing, and breakers can be racked out to the test
position for this purpose. Indication of the system unavailability is provided in the control room.

A Technical Specification establishes limiting conditions for operations, surveillance requirements, trip
setpoints with minimum and maximum limits, and allowable values for the undervoltage protection
sensors and associated time cay devices.

Protection cf the Class IE power supplies to safety-related equipment from the effects of an undervoltage
condition of the offsite power source thus conforms to the guidance of BTP PSB-1, and this issue is,
therefore, resolved for the System 80+ Standard Design.

References

1. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants-LWR Edition," U.S. Nuclear Regulatory Commission.
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2. ANSI /IEEE Standard 741-1986, " Criteria for the Protection of Class 1E Power Systems and
Equipment in Nuclear Power Generating Stations," Institute of Electrical and Electronics
Engineers, Inc.

3. 10 CFR 50 Appendix A " General Design Criteria for Nuclear Power Plants," Code of Federal
Regulations.

20.2.64 Control of Heavy Loads Near Spent Fuel

Issue

Unresolved Safety Issue A-36 addresses the consequences of dropping heavy loads, (i.e., loads that weigh
more than the combined weight of a fuel assembly and its handling tool) on spent fuel, including the
potential for fuel damage and/or criticality which could result in radiological releases. Also, USI A-36
addresses the possibility of damage to safety-related equipment which could prevent safe shutdown of the
reactor or jeopardize core decay heat removal.

Acceptance Criteria

The overall acceptance criterion for the resolution of USI A-36 is that the nuclear plant design shall
consider the effects of the movement of heavy loads over spent fuel and equipment important to achieving
and/or maintaining safe shutdown of the reactor, consistent with the guidance of the Standard Review

Plan 9.1.5 (Reference 1).

Speci'ically, the laad handling systems are acceptable if (1) safe load paths are defm' ed through
procedures and operator training so, that to the extent practical, heavy loads are not carried over or near
irradiated fuel or safe shutdown equipment; (2) adequate consideration is given to operator training,
hmdling component design, load handling instructions, and equipment inspection to insure reliable
operation of tha handling system; (3) mechanical stops or electrical interlocks are incorporated to prevent
movement of heavy loads over irradiated fuel or in proximity to equipment associated with redundant core
shutdown paths; and (4) the load handling system conforms to the relevant requirements of General
Design Cniteria (GDC) 2,4,5, and 61 and References 2-6.

Resolution

The System 80+ Standard Design addresses the above criteria as follows:

1. The component (Heavy Load) handling procedure guidelines will require the owner-operator to
establish the safe load path and perform special handling component inspections prior to lift.

2. The plant operating procedure guidelines will require appropriate operator training and crane
inspections.

3. The cask handling crane is provided with mechanical stops and electrical interlocks to prevent its
movement near the spent fuel pool after the pool contains irradiated fuel (See Section 9.1.4).

4. The new fuel handling crane is provided with mechanical stops and electrical interlocks to restrict
its motion between the new fuel shipping container receipt area, the new fuel inspection and
storage areas, and the new fuel elevator (See Section 9.1.4).
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(o'~) The spent fuel building is arranged so that the spent fuel cask does not pass over critical5.
components during its passage from the shipping vehicle to the cask laydown area (see Sections

9.1.4.1.3 and 9.1.4.3.1).

6. The reactor vessel head lift rig and the reactor vessel internals lift rigs are designed in accordance
with the acceptable (stress) factors of safety (Reference 3).

7. An analysis of a drop of the reactor vessel head onto the reactor vessel is performed as described
in Section 9.1.4.3.3, and the results are shown to be acceptable.

8. An analysis of the upper guide structure drop on the reactor vessel is performed to demonstrate
that this event is bounded by the result of the analysis of item (7) above.

9. The load haMilng system is designed in accordance with the relevant requirements of GDC 2,4,
5, and 61/See Sections 3.1 and 9.1.4) and the guidance of References 2-6.

10. An evaluation associated with movement of heavy loads during plant shutdown is performed to
demonstrate that fuel and safety related equipment shall not be subject to damage (see Appendix

19.8A). j
,

Since the acceptance criteria for this safety issue are met, the issue is resolved for the System 80+ j

Standard Design. !

/m References

1. NUREG-0800, " Standard Review Plan for The Review Of Safety Analysis Reports for Nuclear
Power Plants LWR Edition," U. S. Nuclear Regulatory Commission.

2. ANSI-N14.6, "American National Standard for Special Lifting Devices for Shipping Containers j

Weighing 10,000 Pounds (4500 Kg) or More for Nuclear Materials."

3. NUREG-0612, " Control of Heavy Loads at Nuclear Power Plants," U.S. Nuclear Regulatory
'

Commission.

4. ANSI /ANS-57.2, " Design Requirements for Light Water Reactor Spent Fuel Storage Facilities at
Nuclear Power Plants."

5. ANSI /ANS-57.1, " Design Requirements for Light Water Reactor Fuel Handling Systems." 1

6. NUREG-0554, " Single Failure Proof Cranes for Nuclear Power Plants," U.S. Nuclear Regulatory
Conunission.

20.2.65 Seismic Design Criteria Short Term Program

Issue

Unresolved Safety issue A-40 addresses providing short-term improvements in seismic design criteria.
/ )
\_/ The seismic design sequence for recently designed plants included many conservative factors. Although

it is believed that the overall sequence was adequately conservative, certain aspects may not have been
;

l
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conservative for all plant sites. The objective of USI A-40 was to investigate selected areas of the seismic
design sequence to determine their conservatism for all types of sites, to investigate alternative approaches
where desirable, to quantify the overall conservatism of the design sequence, and to modify the NRC
criteria in the Standard Review Plan (Reference 1), where justified. j

i

Studies were conducted, and the results were documented in NUREG/CR-Il61 (Reference 2) with |

specific recommendations for changes in seismic design requirements. In addition, a NRC/ Industry i

workshop was held to discuss the complex and controversial subject of soil-structure interaction (SSI) ;

analysis. The adequacy of seismic design of large, above ground, vertical, safety-related tanks was also
of concern to the NRC.

SRP sections were then revised (Revision 2) with the following principal areas of chan,e: Section 2.5.2,
updated to reflect the current NRC staff review practice; Section 3.7.1, design time history criteria;
Section 3.7.2, development of floor response criteria, damping values, SSI uncertainties, and combination
of modal responses; and Section 3.7.3, seismic analysis of above ground tanks, and Category I buried
piping.

The NRC concluded in NUREG-1233 (Reference 3) that these revisions would reflect the current state-of-
ithe-art in seismic design in the licensing process. Implementation of the SRP revisions is expected to

contribute to a more uniform and consistent licensing process and is not expected to have significant
impact on recently designed plants.

|
Acceptance Criteria

The acceptance criterion for the resolution of USI A-40 is that future nuclear po'ver p'.:mts shall conform
to the seismic design acceptance criteria and guidance of Revision 2 to SRP Sections 2.5.2, 3.7.1, 3.7.2,
and 3.7.3.

Specifically, these SRP Sections respectively cover review of the site characteristics and earthquake ,

potential, the parameters to be used in seismic design, methods to be used in seismic analysis of the
overall plant, and methods to be used in seismic analysis of individual systems or components.

Resolution

The System 80+ Standard Design is designed for a seismic site envelope which encompasses the majority
of potential nuclear power plant sites in the United States. The design ground motions, site envelope soil -

parameters, and system and subsystem analyses criteria and methods described in Sections 2.5.2, 3.7.1,
3.7.2 and 3.7.3 are in accordance with the intent of Revision 2 of the corresponding SRP sections. All
tanks whose function is required during and after a safe shutdown earthquake (SSE) are designed for SSE
loads in accordance with the guidance of SRP Section 3.7.3. The failure of other tanks is evaluated for
the potential interaction with seismic structures, including the possibility of flooding. This issue is
therefore resolved for the System 80+ Standard Design.

References

1. NUREG-0800, * Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants - LWR Edition," U.S. Nuclear Regulatory Commission.

2. NUREG/CR-1161, " Recommended Revisions to Nuclear Regulatory Commission Seismic Design
Criteria," U.S. Nuclear Regulatory Commission, May 1980.
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3. NUREG-1233, Regulatory Analysis for USI A-40, " Seismic Design Criteria," U.S. Nuclear
Regulatory Commission. April 1988.

20.2.66 Containment Emergency Sump Perfonnance !

Issue -

Unresolved Safety Issue A 43 addresses the technical concerns raised when LOCA generated debris is
~

introduced into the containment sump, and the impact this debris and the potential for air ingestion have
'

on the containment spray system and components.

The Emergency Safeguards Systems (including Safety Injection and Containment Spray) are actuated
'

following a LOCA and, depending upon the severity of the event, the Centainment Spray System (CSS)
and the Safety injection System (SIS) may be configured to support long t:Tm cooling of the containment
and/or reactor core. Long term cooling is accomplished by recirculation nf the spray water recovered
from the containment building by various building drains which direct watet into the containment sump.
The recirculated water must be sufficiently free of debris and air so that containment spray pump
performance is not impaired and long-term recirculation flow capability is not seriously degraded.

The specific concerns are:

1. Containment sump hydraulic performance under post-LOCA adverse conditions resulting in a
potential vortex formation, air ingestion and subsequent failure of the recirculation pumps.

2. The transport of large quantities of LOCA-generated debris to the sump screen (s) and potential for ,
,

blockage, reducing net positive suction head (NPSH) margin below that required for the j
,

'

recirculation pumps to maintain long-term cooling..

'

3. The capability of the CSS and SIS pumps to continue pumping with fine debris trapped in pump
seals and bearings.

,

Adequate recirculation cooling capacity is necessary to prevent core-melt and containment rupture |
following a postulated LOCA.

Acceptance Cdteda

The acceptance criterion for the resolution of USI A-43 is that the containment spray and safety injection
systems (including the containment sump) must be capable of performing their intended safety functions
(in accordance with the requirements of GDC 38), including long-term core and/or containment building
cooling.

The containment spray and safety injection systems must meet the intent of SRP Section 6.2.2, Rev. 4
" Containment lleat Removal Systems" (Reference 1), and Regulatory Guide 1.82, Rev.1 (Reference 2).

Specifically, to satisfy the requirement of GDC 38 regarding the long-temi containment spray system
(CSS) and safety injection system (SIS), the containment sump (s) should 'oe designed to provide a reliable,
long-term water source for the SIS and CSS recirculation pumps. Provision should be made in the

O containment design to allow drainage of spray and safety injection water to the containment sump (s), and
for recirculation of this water through the containment sprays and safety in;ection systems.
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The design of the sump (s) and the protective screen assemblies is a critical element in assuring long-term ,

'

recirculation cooling capability.

Therefore, adequate design consideration is necessary for; j

Sump hydraulic performance to preclude vortexing and air ingestion,*

1

Evaluation of potential debris generation and associated effects including debris screen blockage*

and,

RHR and CSS pump performance under postulated post-LOCA conditions.o

Finally, the containment sump design criteria, as identified in Regulatory Guide 1.82, Rev.1, shall be
addressed. Examples of these design criteria include:

* Number, location, and geometry of the sump (s),
1

Type, size, and location of debris screens,*

* Location of containment drains,

Containment sump effects on spray or recirculation pump NPSH, and*
,

Accessibility of containment spray system and sump (s) for inservice inspection.*

Resolution

in the System 80+ Standard Design, Engineered Safety Features (ESF) are incorporated to mitigate
design basis events (DBE's), including a loss of coolant accident (LOCA).

Two principal systems used to mitigate the effects of a LOCA ate the safety injection system (SIS) [see
Section 6.3], and the containment spray system (CSS) [see Section 6.5). These systems utilize an in-
containment Refueling Water Storage Tank (IRWST) as their source of water, which is the equivalent of
the refueling water storage tank (RWST) and containment sump of a pre-ALWR plant.

The IRWST performs additional functions beyond those of the conventional containment sump. The
IRWST for System 80+ Standard Design provides a single source of water for both the safety injection
and containment spray pumps. The IRWST is toroidal in shape and utilizes the lower section of the
spherical containment as its outer boundary. The IRWST is enclosed to prevent contamination and
excessive containment humidity.

The arrangement of the IRWST within the System 80+ Standard Design containment offers advantages
over conventional sumps. Like a sump, the IRWST is the source of water for SIS and CSS pumps, but
the protection afforded the pumps against debris ingestion or blockage is significantly greater. First,
water in containment draining back to the IRWST must pass through a vertical screen wall greater than
six (6) feet high and more than forty (40) feet long into a holdup volume of several thousand cubic feet,
which serves as a solids trap. From the holdup volume, water overflows back into the IRWST.
Additional screens are provided in the IRWST to assure that fine debris is filtered before entering the
ECCS suction lines. Finally, each combination of SIS pump and CSS pump has its own connection to
the IRWST.
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( ) Long-term return of spray water from upper level elevations is not dependent on individual floor screens
and piping. Major openings, such as hatch-s and stairwells, are also available to return water to the"

screened entrance to the holdup volume.

The IRWST also meets the intent of SRP Section 6.2.2, Rev. 4 and Regulatory Guide 1.82, Rev. I with
respect to IRWST hydraulic performance; evaluation of potential debris generation and associated effects, ;

including types and quantities of insulation and debris screen blockage; and preservation of NPSH for |
l

the SIS and CSS pumps after an accident (postulated post-LOCA conditions). In addition, the IRWST
meets the multi-sump requirement by providing multiple pathways to the IRWST for containment
spray and safety injection water introduced into the containment. Should one drain become fouled with
debris, there are other drains to collect and direct water to the IRWST. A description of the IRWST
screen design is provided in Appendix 19.8A, Section 2.9. See Section 6.8.2.2.1 for a COL applicant
commitment to perform an analysis to show screen area margin.

The IRWST has the advantage that during normal full power operation it is possible to perform a full
flow test of the safety injection pumps and containment spray pumps while taking suction from the ,

IRWST and discharging back to the IRWST via a recirculation line. Satisfactory hydraulic performance
of the IRWST can be verified by testing at mnout conditions on the pumps and minimum level in the
IRWST.

The System 80+ Standard Design Safety Injection System meets the intent of Regulatory Guide 1.82,
Rev.1 (see Section 6.3.1.2.3). The Containment Spray System is designed to GDC 38 (see Section
6.5.1.3). The IRWST is designed to meet the intent of SRP Section 6.2.2, Rev. 4 and Regulatory Guide
1.82, Rev.1 (see Section 6.8.2.2.1 and Section 2.9 of Appendix 19.8A). Therefore, this issue ispb resolved for the System 80+ Standard Design.

Referawes

1. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants- LWR Edition," U.S. Nuclear Regulatory Commission.

2. Regulatory Guide 1.82, Rev.1, " Water Sources for Long-Term Recirculation Cooling Following
a Loss-of-Coolant Accident," U.S. Nuclear Regulatory Commission, November 1985.

20.2.67 Station Blackout

Issue

Unresolved Safety Issue A-44 addresses the concern that the complete loss of all alternating current (AC)
electrical power to the essential and non-essential switchgear buses in a nuclear power plant, referred to I

as a " Station Blackout", could lead to a severe core damage accident.

10 CFR 50.2, " Definitions", defit.es station blackout as the loss of the offsite electric power system
concurrent with a turbine trip and unavailability of the onsite emergency AC power system. It does not
include she loss of available AC power to buses fed by station batteries through inverters or by alternate |
AC sources. Since many systems required for core decay heat ternoval and containment heat removal ;

depend on AC power, a station blackout can result in unacceptable consequences unless AC power is

(v) restored in a timely manner or AC power is supplied from an alternate source. The issue involves the
likelihood and duration of station blackout and the potential for core damage as a result.
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The issue of station blackout arose because of the historical experience regarding the reliability of AC
power supplies. There had been numerous reports of emergency diesel generators failing to start and run
in operating plants. In addition, a number of operating plants experienced a total loss of offsite electrical
power. After performing an evaluation of station blackout accidents at nuclear power plants [NUREG-
1032 (Reference 1)] and a Regulatory Impact Analysis (Reference 2), the NRC published a new rule [10
CFR 50.63 (Reference 3)) and Regulatory Guide 1.155, " Station Blackout" (Reference 4).

Specifically, Regulatory Guide 1.155 specifies that a coping analysis should be performed for a Station
Blackout to establish that a plant can tolerate a total loss of AC power. However, Regulatory Guide
1.155 also states that if a plant is provided with an alternate AC power (AAC) source which is available
within 10 minutes of a station blackout then a coping analysis for the event need not be performed. In
addition, Regulatory Guide 1.155 identifies reliability criteria for the emergency diesel generator. The
reliability of the emergency diesel generator is discussed in a related safety issue, USI B-56.

Acceptance Criteria

The acceptance criteria for USI A-44 are that the plant design meet the intent of Regulatory Guide 1.155
and be capable of maintaining core cooling and containment integrity during a station blackout.
According to 10 CFR 50.63, onsite alternate AC power sources that are independent and diverse from
the normal Class 1E emergency AC power sources constitute an acceptable Station Blackout event coping
capability. (The acceptance criteria for the reliability of the emergency diesel generator is identified in
USI B-56.)

Resolution

The System 80+ Standard Design includes improved design features and electrical systems to ensure a
safe shutdown of the reactor in the event of a station blackout. These improvements are summarized

below.

1. One turbine-driven emergency feedwater pump is included for each steam generator. (These are
in addition to the two motor-driven emergency feedwater pumps.) In previous designs one turbine-
driven pump was shared by both steam generators.

2. Each of the four safety-related instmment channels has a battery backup. In addition, Class IE
Electrical Divisions I and II, which include the emergency diesel generators, have their own
batteries.

3. The design has full load rejection capabliny and the capability to subsequently provide electrical
power from the turbine generator.

4. An alternate source of AC power which is diverse from the safety-grade emergency diesels is
included (N Section 8.3.1.1.5). This alternate AC source is a control-grade combustion turbine
and has its own batterj.

As described in Sections 8.1.4.2 and 8.3.1.1.5, the installation and design of the AAC source is in
compliance with the intent of Regulatory Guide 1.155. The AAC power source is designed to be made
available to power one safety-related load division and its corresponding essential non-safety-related load
bus within 2 minutes of the onset of the station blackout, such that the plant is capable of maintaining
core cooling and containment integrity. In addition, sufficient fuel is stored on site to support 24 hours
of AAC operation at rated load.
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The AAC source is not normally directly connected to we plant's main or standby offsite power sources
or to the Class 1E power distribution system, thus minimizing the potential for common cause failure.
Quality assurance guidelines for the AAC are given in Section 8.3.1.1.5.5. The emergency diesel
generator reliability aspect of Station Blackout as described in Regulatory Guide 1.155 is covered in USI
B-56.

In summary, the Syr. tem 80+ Standard Design accommodates the Station Blackout event by means of an
AAC power source and reliable emergency diesel generators and therefore, meets 10 CFR 50.63 and the
intent of Regulatory Guide 1.155. Thus, this issue is resolved for the System 80+ Standard Design.

,

References
P

1. NUREG-1032, " Evaluation of Station Blackout Accidents at Nuclear Power Plants," U.S. Nuclear
Regulatory Commission, June 1988.

2. NUREG-1109, '' Regulatory /Backfit Analysis for the Resolution of Unresolved Safety Issue A-44, |

Station Blackout," U.S. Nuclear Regulatory Commission, June 1988.

3. Federal Register Notice 53 FR 23203, "10 CFR 50, Station Blackout," June 21,1988.

4. Regulatory Guide 1.155, " Station Blackout," U.S. Nuclear Regulatory Commission, August 1988. ,

p 20.2.68 Shutdown Decay Heat Removal Requimnents I

NJ
Issue

Unresolved Safety Issue A-45 addresses the Decay Heat Removal (DHR) function, defined as the ability
of a plant to remove residual heat from the Reactor Coolant System after a plant shutdown after normal
operation or due to abnormal events or Loss-of-Coolant Accidents (LOCAs), and to prepare the plant for
cold shutdown conditions. 4

|

In recent years the NRC has vigorously addressed the issue of DHR improvements due to: first, the Three
Mile Island accident, and second, the results of a DHR PRA study performed on six operating plants in
1987.

|
This comprehensive PRA DHR study concentrated on the DHR systems and their contribution to core )
melt frequencies. This study assessed the consequences of both internal and external initiators. The
study found that DHR-related core damage risk is in a range between 7x10-5 and 4x10 per reactor4

year with an average value of 2x10 . This, along with other results (i.e. lack of system redundancies,d

lack of separation, general syste.m arrangement, human errors, etc.), suggested that the resolution of this
issue would need to be plan: specific.

Acceptance Criteria

After the DilR PRA study was conducted, the NRC staff established a goal that core damage due to I

failure of the DHR function should be less than 1x10'5 per reactor year as identified in NUREG-0933.
This goal shall be demonstrated by a Level I Shutdown Cooling System (SCS) PRA.a
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Resolution

As part of the C-E System 80+ Standard Design certification, a full Level I PRA has been conducted
which included an assessment of the core damage frequency due to failure of the DHR (or Shutdown
Cooling System) function. The PRA determined the core damage frequency attributable to internal
initiating events such as steam generator tube rupture and station blackout, as well as external events such

,

as tornadoes and earthquakes, and was performed to meet the requirements of 10 CFR 52 (Reference 1).'

The results showed that the core damage frequency for failure of the SCS capability, along with failure
of other systems included in the core damage sequences, is lower than the NRC requirement mentioned
above. PRA insights are identified in Chapter 19. [[In addition, Owner-operators will be required to
assure that these insights continue to remain valid for their plant specific reliability programs.]]8

Since the PRA demonstrates the ability of the System 80+ Standard Design to surpass the NRC goal for
SCS-related core damage risk, contingent upon the requirement that individual plant owner-operators meet
the insights of the PRA to ensure that the PRA remains valid during operation, this safety issue is
therefore resolved for the System 80+ Standard Design.

References

1. 10 CFR 52, "Early Site Permits; Standard Design Certification; and Combined Licenses for
Nuclear Power Reactors."

20.2.69 Safety Implications of Control Systems

Issue

Unresolved Safety Issue A-47 concerns the potential for accidents or transients being made more severe
as a result of control system failures. |

1

Non-safety-grade control systems are not relied on to perform ar.y safety functions, but they are used to !

control plant processes that could have a significant impact on plant dynamics. For the resolution of USl
A-47 the NRC evaluated the effects of control system failures on three operating PWR reference plants, )
including a representative C-E design, subjected to single and multiple control system failures during
automatic and manual modes of operation. The evaluation was documented in NUREG-1217 (Reference l

'

1), and identified two concerns related to the C-E design: (1) steam generator (SG) overfill, and (2)
reactor core heat removal to cold shutdown after a small-break loss-of-coolant accident (SBLOCA),
without overcooling the reactor vessel.

NUREG-1217 conclusions were that: (1) PWR plant designs having a redundant control grade method
of overfill protection are considered acceptable, and (2) PWR plant designs that have the capability of
high pressure safety injection at more than 1275 psia, and that provide automatic initiation of emergency i

feedwater flow on low SG level, are considered acceptable for small-break LOCA core heat removal.
Manually controlled methods of heat rejection and reactor coolant system depressurization without
compromising the reactor vessel nil ductility transition reference temperature (RTyp7) limits are also
considered acceptable if detailed in emergency procedures.

O
I COL iniormation item; see DCD Introduction Section 3.2.
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A
*(\} In addition, the NRC issued GL 89-19 (Reference 2), which pursuant to 10 CFR 50.54(f) requires all l

operating PWR plants and plants under construction to provide automatic protection from SG overfill by |

nain feedwater.

Acceptance Criteria

1 .

The first acceptance criterion for the resolution of USI A-47 is that the plant shall have, as a minimum,
control-grade protection against SG overfill by main feedwater, consistent with the requirements and ,

guidance of GL 89-19. Also, in accordance with GL 89-19, technical specifications and plant operating
procedures shall ensure in-service verification of the availability of the overfill protection.

A second criterion based on the conclusion of NUREG-1217 is that the safety injection pressure capability

should be greater than 1275 psia and emergency feedwater should be automatically initiated on a low SG
water level signal. |

Resolution
.

The System 80+ Standard Design has a Main Feedwater Isolation System (see Section 10.4./.2.6) to
protect the SGs from overfill. The system includes redundant remotely operated isolation '<alves in each
main feedwater line to each SG. The valve actuation system (see Section 7.3.1.1.10.3) is composed of ,

redundant trains A and B, and each train's instmmentation and controls are physically and electrically
separate from and independent of those of the other train. A failure of one train will not impair the ;

action of the other. The main feedwater isolation valves are automatically actuated by a Main Steam
r^g Isolation Signal (MSIS) from the Engineered Safety Features Actuation System (ESPAS, see Section

V 7.3.1). High SG water level, in a 2-out-of-4 logic, is one of the initiators for the MSIS. The main
feedwater isolation valves can be in-service tested in accordance with ASME Code Section XI, Subsection

'

IWV. The inservice test program is described in Section 3.9.6. Valve operability is addressed via the
,

Technical Specifications (Chapter 16).

In a Small Break LOCA, high pressure safety injection in the System 80+ Standard Design is delivered
at a pressure considerably above 1275 psia. The System 80+ Standard Design also incorporates a safety-
grade Emergency Feedwater System (EFWS, see Section 10.4.9) which is automatically actuated by an ,

EmerEency Feedwater Actuation Signal (EFAS) from the ESFAS. There is one EFAS for each SG,
initiated by low SG water level in a 2-out-of-4 logic (see Section 7.3.2.2.5). The EFWS, in conjunction
with safety-grade atmospheric steam dump valves, provides an independent means of residual heat
removal from the Reactor Coolant System (RCS) via the secondary system until the R.CS pressure and
temperature permit actuation of the Shutdown Cooling System. An ESFAS high SG water level interlock
will isolate EFW to preclude SG overfill. The RCS depressurization rate is manually controlled by the
operator from the control room to prevent overcooling of the reactor vessel, by throttling the EFW and/or
using the pressurizer auxiliary sprays.

,

In addition to the above design features, guidelines are provided to assist the owner-operator in preparing
. emergency operating procedures detailing the actions to be taken by the plant operators in the event of
a SBLOCA, as contained in the ' System 80+ Emergency Operations Guidelines."

In summary, consistent with the requirements and guidance of GL 89-19, the System 80+ Standard 1

Design incorporates: (1) SG overfill protection, and (2) an automatically initiated safety-grade i

Emergency Feedwater System. Furthermore, a Technical Specification for verifying overfill protection I
availability, and emergency operations guidelines for a SBLOCA, are established. This issue, is
therefore, resolved for the System 80+ Standard Design.
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References

1. NUREG-1217, " Evaluation of Safety Implications of Control Systems in LWR Nuclear Power
Plants " - Technical Findings Related to USI A-47 (Draft Report), U.S. Nuclear Regulatory
Commission, April 1988.

2. Generic Letter 89-19, " Request for Action Related to Resolution of USI A-47, Pursuant to 10 CFR
50.54(f)," U.S. Nuclear Regulatory Conunission, September 20,1989.

20.2.70 Pressurized Thermal Shock

Issue

Unresolved Safety Issue A-49 addresses reactor vessel integrity under conditions of pressurized thermal
shock (PTS). Reactor vessel integrity could be threateted by a combination of neutron embrittlement,
overcooling, excessive reactor vessel pressure, and a cmall fiaw or crack.

Ar, plants accumulate service time, neutron irradiation reduces the material toughness of the reactor
vessel. The fracture toughness sensitivity of the vessel material to neutron embrittlement is, in part, a
function of the copper content of the vessel material (e.g., the higher the copper content of the base
metal, the greater the sensitivity of the metal to neutron embrittlement). Decreased fracture toughness
makes it more likely that a crack already present in the vessel inner wall could grow to a size that might
threaten vessel integrity, should a combination of vessel overcooling and overpressure occur.

Acceptance Criteria

The acceptance criterion for the resolution of USI A-49 is that the requirements for pressurized thermal
shock identified in 10 CFR 50.61 (Reference 1) shal! be met.

Specifically, for continued reactor operation during the plants design life, without further NRC review,
projected values of RTrrs (the limiting reference temperature at the inner vessel surface) for reactor
beltline materials shall remain less than a screening value of 270*F for plates, forgings, and axial weld
materials, or 300*F for circumferential weld materials.

Resolution

The reactor vessel for the System 80 + Standard Design is designed in accordance with the ASME Boiler i

and Pressure Vessel Code, Section til (Reference 2) and other accepted industry codes and standards.

To assure an adequate safety margin for future plants, the reactor vessel for the System 80+ Standard
Design incorporates proven fabrication techniques together with well characterized steel and weld material
which exhibit unifonn properties and predictable behavior (see Section 5.3). j

!
These material and fabrication techniques and other reactor vessel design features are described as |

follows:

* The copper content is controlled to assure that the RTrrs will remain acceptable over the life of
the plant.

i
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n

(~) The characterization of the steel and weld materials was established through industrial and*

governmental studies which examined the material properties in both the unirradiated and the
irradiated condition. Inservice inspection and material surveillance programs are also conducted
during the service life of the vessel, further ensuring adequate vessel integrity and safety margin.

Design, materials of construction, fabrication methods, inspection requirements, shipment and*

int,tallation, operating conditions, and inservice surveillance are til components of a program to
assure reactor vessel integrity for the plant design lifetime. A complete description of the reactor
vessel design is given in Section 5.3.

The System 80+ Standard Design reactor vessel is fabricated from ring forgings, thus eliminating*

vertical welds in the beltline region where neutron irradiation is greatest. The elimination of these
particular welds further reduces the possibilities of impurities in weld material which are known
to result in an RTrrs that approaches the screening criterion of 270*F.

Furthermore, the System 80+ Standard Design reactor vessel meets the requirements of 10 CFR*

50.61 as described in Section 5.2.2.11. Specifically, the calculated RTrrs t the end of the 60-a

year service life is 89'F, which is significantly below the screening criterion of 270*F for plates,
forgings and axial weld materials, or 300'F for circumferential weld materials.

Since the System 80+ reactor vessel design complies with the ASME code and other accepted industry {
codes and standards, and meets the requirements of 10 CFR 50.61, this issue is resolved for the System

,

'

80+ Standard Design.

q
(/ References

1. 10 CFR 50.61, " Fracture Toughness Requirements for Protection Against Pressurized Thermal ;

Shock Events," Federal Register, July 23,1985. |

2. American Society of Mechanical Enginers, Boiler & Pressure Vessel Code, Section III (Nuclear), j
American Society of Mechanical Engineers.

20.2.71 Ductility of Two-Way Slabs and Shells and Buckling Behavior of Steel Containments

Issue

Generic Safety Issue B-05 identifies two concerns relating to containment design. First, that sufficient
information is not available to predict the behavior of two-way reinforced concrete slabs; and second, that
the structural design of a steel containment vessel subjected to unsymmetrical dynamic loadings may be
governed by the instability of the shell.

1. Ductility of Two-Way Stabs and Shells

The first concern was originally identified in NUREG-0471 (Reference 1) and involved concern
over the lack of information related to the behavior of two-way reinforced concrete slabs loaded
dynamically in biaxial membrane tension (resulting from in-plane loads), flexure, and shear. If
structures (concrete slabs) were to fail (floor collapse or wall collapse) due to loading caused by

,

(O a loss-of-coolant-accident (LOCA) or high-energy-line break (HELB), there would be a possibility;

that other portions of the reactor coolant system or safety-related systems could be damaged. Such
loads would be caused by very concentrated high-energy sources causing direct impact on the
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structures of concern. The damage could lead to an accident sequence resulting in the release of
radioactivity to the environment. -

Because of NRC and industry concern, the American Concrete Institute (an industry organization
which develops requirements for concrete structures) addressed these dynande loads by establishing
the methodology identified in the Appendix C Commentary to ACI 349-85 (Reference 2).

2. Buckling Behavior of Steel Contaimnents

The second concern, also identified in NUREG-0471, invcives concern over the lack of a uniform,
well-defined approach for design evaluation of steel containments. The structural design of a steel
containment vessel subjected to unsymmetrical dynamic pressure loadings may be governed by the
instability of the shell. For this type of loading, the current design verification methods, analytical
techniques, and the acceptance criteria may not be as comprehensive as they could or should be.
Section 111 of the ASME Code (Reference 3) does not provide detailed guidance on the treaunent
of buckling of steel containment vessels for such loading conditions.

Moreover, this Code does not address the asymmetrical nature of the containment shell due to the

presence of equipment hatch openings and other penetrations. Regulatory Guide 1.57 recommends
a minimum factor of safety of two against buckling for the worst loading condition provided a
detailed rigorous analysis, considering in-clastic behavior, is performed.

On the other hand, the ASME Code permits three alternate methods, but requires a factor of safety
between 2 and 3 against buckling, depending upon applicable service limits.

Acceptance Criteria

The acceptance criterion for Concern 1 is that analysis methods used for two-way reinforced concrete
slabs adequately address dynamic loading in biaxial membrane tension, flexure, and shear that occur due
to a llELB or LOCA.

The acceptance criterion for Concern 2 is that all applied loads must be adequately addressed by the steel
containment vessel design.

Resolution

With respect to Concern 1 of this issue, the System 80+ concrete design utilizes the methods out'ined
in Appendix C of ACI 349-85 (Reference 2) (including Provisions 10 and 11 of Regulatory Guide 1.142
(Reference 4)) for treating the impactive and impulsive loads associated with a HELB or LOCA (ACI
349-85 is identified in Section 3.8). In addition to these concrete design methods, the System 80+ |

Standard Design containment piping analysis uses the Leak-Before-Break (LBB) methodology described
in Section 3.6, thereby reducing the number of situations in which these loadings occur.

With respect to Concern 2 of this issue, the System 80+ Standard Design steel containment vessel
satisfies the design requirements set forth in Section III of the ASME Code. The vessel is not subjected
to the unsymmetrical dynamic pressure loading described above because of the layout and design of the

1Reactor Building.

0
~
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']3 The inside of the containment is not divided into compartments and thus no unsymmetrical dynamic
7

pressure loading on the steel containment vessel is generated. (The unsymmetrical loading is a
consequence of differential pressures within and outside the inside compartments adjacent to containment.)

In addition, a three-dimensional large deflection analysis, taking into account imperfections and nonlinear
material properties, is used to arrive at the actual safety factor for the stability analysis as described in
Section 3.8.2, and thus satisfies all current design requirements.

Since the System 80+ concrete design is based upon ACI 349-85, which establishes methods by which
the above loading conditions for Concern 1 of this issue are addressed, and the steel containment vessel
design meets the requirements of the ASME Code for Concern 2 of this issue, both concerns are fully
resolved for the System 80+ Standard Design.

References

1. NUREG4471, " Generic Task Problem Descriptions (Categories B, C, and D)," U. S. Nuclear
Regulatory Commission, June 1978.

2. ACI 349-85, " Code Requirements for Nuclear Safety Related Stmetures," American Concrete
Institute,1985.

3. ASME Boiler and Pressure Vessel Code, Section III, Division I, Subsection NE, American Society
of Mechanical Engineers.

Cl 4. Regulatory Guide 1.142, Rev.1, " Safety Related Concrete Structures for Nuclear Power Plants
(Other than Reactor Vessels and Containments)," U.S. Nuclear Regulatory Commission, October
1981.

20.2.72 Criteria for Safety-Related Operator Actions

Issue

Generic Safety Issue B-17 concerns current plant designs that rely on the operator to take action in
response to certain transients. In addition, some current PWR designs require manual operations to
accomplish the switchover from the injection mode to the recirculation mode following a LOCA. The
required time for the ECCS realignment operations is dependent on pipe break size and the operation
must be accomplished before the inventory in the borated water storage tank is depleted.

This NUREG4471 item involves the development of a time criterion for safety-related operator actions
including a deterrnination of whether or not automatic actuation will be required. The evaluation of this
issue includes GSI 27.

Development and implementation of criteria for safety-related operator actions would result in the
automation of some actions currently performed by cperators. The use of automated redundant safetv-
grade controls in lieu of operator actions is expected to reduce the frequency of improper action during
the response to or recovery from transients and accidents by removing the potential for operator error.
This in tum could reduce the expected frequency of core damaging events and, therefore, reduce the,,

(J public risk accordingly.i
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Acceptance Criteria

Plants would be required to perform task analysis, simulatcr studies, and analysis and evaluation of
operational data to assess current ESF and safety-related control system designs for conformance to new
criteria. Where non-conformance is identified, modification to existing designs and hardware would be

required. For plants at the CP stage of review, changes and additions to the ESF control systems are
anticipated but replacement equipment costs are not anticipated.

Resolution

For the System 80+ design basis safety analysis (see Chapters 6 and 15), safety-grade instrumentation
and equipment func' ion to mitigate accidents and no operator action is required for the first 30 minutes
of an event. This time criterion is longer than that for the currently licensed plants and it is based on the
ALWR Utility Requirement Document published by EPRI. The safety analysis demonstrated that all
criteria were met, based in part on Engineered Safety Features improvements (e.g., additional redundancy
in the safety injection and emergency feedwater systems). One very significant improvemere is the
elimination of the "ECCS realignment to the containment sump" because the refueling water storage tank
is inside the containment and acts as the containment sump.

Also, on-line testing, data processing, and hardwired instrumentation and controls were added (as
described in Chapter 7) to simplify operator Gns.

Based on System 80+ design improvements and the more stringent safety analysis assumptions for
operator action, this issue is resolved for the System 80+ design.

20.2.73 Develop Design, Testing, and Maintenance Criteria for Atmosphere Cleanup System
Air Filtration and Adsorption Units for Engineered Safety Features Systems and for
Nonnal Ventilation Systems

Issue

Generic Safety issue B-36, identified in NUREG-0471, involves developing revisions to current guidance
and staff technical positions regarding ESF and normal ventilation system air filtration an adsorption
units. This involves developing revisions to Pegulatory Guide 1.52 and BTP ETSB 11.2 to address
technical advances that have shown that some current positions are unjustifiably conservative, some are
unnecessary, and in some cases additional positions are necessary.

Acceptance Criteria

Criteria developed as a result of this issue have been documented in Regulatory Guide 1.52, Rev. 2, and
in Regulatory Guide 1.140, Rev.1, (October 1979).

Resolution

The System 80+ ventilation systems (see Section 9.4) were designed consistent with the revised
Regulatory Guides referenced for acceptance criteria. This issue is therefore, resolved for the System
80+ design.

O
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20.2.74 Load Break Switch !

:

!
'

Generic Safety Issue B-53 addresses the use of load break switches or circuit breakers in some
onsite/offsite power system designs and their reliability with respect to the requirement identified in GDC !
17 (Reference 1) to provide power from the offsite transmission grid to all station vital loads on a loss

!

of all onsite power via at least two separate circuits, one of which must be immediately accessible.
i

Most nuclear power plants meet the requirements identified in GDC 17 by employing designs which ;
'

involve startup transformers and auxiliary transformers in addition to the station transformer. A few
operating plant designs employ a load break switch or circuit breaker to remove the turbine generator ,

from the station stepup transformer after a turbine trip. This permits offsite power to be provided in the |
:reverse direction through the station transformer to the onsite power system and its vital loads. The NRC

expressed a concern about the reliability of these breakers and switches because, should they fail and not i

. isolate the turbine generator, the offsite power system would be incapable of supplying the onsite power
system as required by GDC 17.

New requirements have, therefore, been established by the NRC in Appendix A to SRP 8.2 (Reference ]
2) for plants whose onsite/offsite power systems propose to rely on load break switches or breakers. j

These requirements entail additional and more rigorous testing, similar to that required for Class IE )

(safety-related) equipment. Only circuit breakers, which have a 100% fault current interuption capability, ,
'

are considered acceptable for generator isolation to assure an immediately accessible offsite power source.

O
V A-*= Criteria ,

i

The acceptance criterion for the resolution of Generic Safety Issue B-53 is that plants employing onsite
and offsite power systems incorporating turbine generator circuit breakers, shall meet the intent of
guidance provided in SRP 8.2, Rev. 3, Appendix A. ,

1

Specin: ally, only devices which have maximum fault current interrupting capability, i.e. circuit breakers, |
can be used to isolate the unit generator from the onsite-offsite power systems. |

In addition, generator circuit breakers should be designed to perform their intended function during
steady-state operation, power system transients and major faults; tests should be performed on the circuit

'

breaker to verify these capabilities. As a minimum, the performance tests and capabilities should be
demonstrated including dielectric tests, load switching, fault current interrupting capability, maximum
rise of recovery voltage, short time current carrying capability, momentary current carrying capability,
transformer magnetizing current interruption, thermal capability, and mechanical operation. These tests
should be in accordance with the applicable requirements of ANSI standards C37.04, C37.06, and C37.09
(References 3,4, and 5).

Resolution

. The System 80+ Standard Design utilizes offsite and onsite power systems to supply the unit auxiliaries
during normal operation, and these plus the Reactor Protection System and Engineered Safety Features
Systems during abnonnat and accident conditions. In addition, the onsite and offsite power systems are

} designed in accordance with accepted industry codes and standards (see Chapter 8), and do not employ
load break switches.
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,

The System 80+ unit is connected to a switchyard and the transmission grid system via two separate and
independent transmission lines. The generator circuit breaker, along with the unit main transformer and
auxiliary transformers, allows one of these lines not only to supply power to the transmission grid system
during normal operation, but also to serve as an immediately accessible source of power to the plant
electrical distribution system. The other separate transmission line is connected, via the switchyard and
reserve auxiliary transformer, to provide a second independent immediate source of offsite power to the
onsite power distribution system for safety-related and permanent non-safety-related loads (See Figure
8.3.1-1). The generator circuit breaker is designed, installed, inspected, and periodically tested as
described in the acceptance criteria in accordance with ANSI Standards C37.N. C37.06 and C37.09
(References 3,4, and 5) and other accepted industry codes and standards, and therefore meets the intent
of SRP 8.2, Appendix A (See Section 8.1.4.4). Descriptions of the offsite and onsite power systems can
be found in Sections 8.2 and 8.3, respectively.

Since the intent of the acceptance criteria above is met, this issue is resolved for the System 80+
Standard Design.

References

1. 10CFR50 Appendix A, * General Design Criteria for Nuclear Power Plants."

2. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants - LWR Edition," Nuclear Regulatory Commission.

3. ANSI Standard C37.N, " Rating Structure for AC High-Voltage Circuit Breakers Rated on a
Symmetrical Current Basis," American National Standards Institute.

4. ANSI Standard C37.06, * Preferred Ratings and Related Required Capabilities for AC High-
Voltage Circuit Breakers Rated on a Symmetrical Current Basis," American National Standards
Institute.

5. ANSI Standard C37.09, " Test Procedure for AC High-Voltage Circuit Breakers Rated on a
Symmetrical Current Basis," American National Standards Institute.

20.2.75 Diesel Reliability

issue

Generic Safety issue B-56 addresses emergency diesel generator reliability. The reliability goal identified
in NSAC-108, (Reference 1) for emergency diesel generator stanup, is between 0.95 and 0.975 per
demand.

Typical onsite electrical distribution systems for plants use diesel generators as an emergency source of
power. These emergency power sources supply safety-related equipment, which is used to prevent or
mitigate accidents, in the event of a loss of offsite power.

Because of the safety significance of the emergency diesel generators, limiting conditions for operation
(LCOs) were developed and placed in the plant technical specifications. These LCOs require periodic
testing. Licensee Event Reports (LERs) sent to the NRC document problems encountered during periodic
operability testing of the emergency diesel generators. As discussed in NUREG-0933, a review of the
LERs conducted by the NRC revealed that a diesel generators starting reliability is, on the average, about
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('') 0.94 per demand. Thus, the NRC determined that there was a need to upgrade the reliability of
emergency diesel generators. A new reliability of between 0.95 and 0.975 per demand for emergency
diesel generator design, operation and periodic testing, was established in Regulatory Guide 1.155,
(Reference 3).

Acceptance Criteria

The acceptance criterion for the resolution of GSI B-56, is that emergency diesel generator design,
operation, and periodic tc: ting shall ensure, as a minimum, a starting reliability of 0.95 per demand, as
identified in Regulatory Guide 1.155.

Resolution

The System 80+ Standard Design includes an onsite electrical distribution system which employs two
redundant and independent Class IE load group divisions. The Class IE safety loads are capable of being
supplied, in decreasing priority, from the unit main turbine generator, unit main transformers, the
emergency diesel generators and the alternate AC source (See Section 8.1). !

As described above, each Class IE division can be supplied with emergency standby power frem an
indgendent diesel generator. The emergency diesel generator is designed and sized with sufficient i

capacity to operate all the needed safety-related loads powered from its respective Class IE Safety
Division Bus.

r Further, each Division can be supplied from the alternate AC source (combustion turbine) which is

C]/ diverse from the diesel generators. Also, the alternate AC source is designed to the same reliability
criteria as the emergency diesel generator.

1

Each diesel generator is specified to start reliably and, with present technology, industry experience has
shown that a starting reliability of 0.986 per demand may be achieved as identified in the EPRI ALWR
Utility Requirements Document (Reference 4). The emergency diesel generators' required start and
loading response times have been eased and the diesel generators are now required to attain rated
voltage and frequency and to begin accepting load within 20 seconds after receipt of a start signal. This
reduces their starting stress and contributes to improved reliability over the life of the units. These
response times are necessary to meet the times assumed in Chapter 15 Safety Analyses (See Section
8.3.1.1.4). I

Improvements in the System 80+ Standard Design loading sequence logic prevent unnecessary load
shedding and reloading due to subsequent emergency safeguards actuation signal (ESFAS) actuations. This
provides additional overall reliability in response to changing plant conditions by reducing unnecessary
transient demands on the diesel generators.

A variety of tests are performed to assure emergency diesel generator reliability and operability. In
addition to factory tests, a number of pre-operational and onsite acceptance tests and periodic tests are
conducted on each diesel generator and auxiliaries. These tests are identified in Section 8.3.1.1.4.11.
Also, conditions for operation are imposed to ensure continual reliability. The periodic testing of the
diesel generator meets the intent of Regulatory Guide 1.9.

(] In summary, the System 80+ Standard Design uses diesel generators as emergency power sources which
V are incorporated in the onsite electrical distribution system and which have a diverse backup, i.e., the

alternate AC source.
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The onsite electrical distribution system meets the guidance given in Regulatory Guides 1.9 and 1.155.
The diesel generators will have a maintenance program in accordance with the Maintenance Rule (10 CFR
50.65) and guidance provided in Regulatory Guide 1.160 to achieve the goals for the diesel generators.
In view of all the measures, this issue is resolved for the System 80+ Standard Design.

References

1. NSAC-108, " Reliability of Emergency Diesel Generators at U.S. Nuclear Plants," Electric Power
Research Institute, September 1986.

2. Regulatory Guide 1.9, Rev. 3, " Selection, Design, Qualification, Testing, and Reliability of Diesel
Generator Units Used as Onsite Electrical Power Systems at Nuclear Power Plants," U.S. Nuclear

Regulatory Commission, July 1993.

3. Regulatory Guide 1.155, " Station Blackout," U.S. Nuclear Regulatory Commission, August 1988.

4. EPRI, " Advanced Light Water Reactor Utility Requirements Document," Electric Power Research
institute, Chapter 11.

5. 10 CFR 50.65, " Requirements for Monitoring the Effectiveness of Maintenance at Nuclear Power
Plants," issued July 10, 1991.

6. Regulatory Guide 1.160, Rev. O, " Monitoring the Effectiveness of Maintenance at Nuclear Power
Plants," June 1993.

20.2.76 Loose Parts Monitoring System

Issue

Generic Safety Issue B-60 addresses the use of a loose parts monitoring system to detect debr s in the
reactor coolant system (RCS) which could damage RCS components and/or fuel.

A loose part - whether it be from an item inadvertently left in the primary system during cons.ruction,
refueling, or maintenance, or from component failures - can contribute to further component danage and
material wear by frequent impacting with other parts in the system. A loose part can potentially create
a partial core flow blockage which could result in failure of fuel cladding. In addition, a loose part may
increase the potential for control rod jamming and for accumulation of increased levels of radioactive crud
in the primary system.

The primary purpose of the leose part detection program is the early detection of loose metallic parts in
the primary system. Early detxtion can provide the time required to avoid or mitigate safety-related
damage to, or malfunction of, piimary system components. Therefore, the NRC established the guidance
in Regulatory Guide 1.133, Rei .1 (Reference 1).

Acceptance Criteria

The acceptance criterion for the resolution of GSI B-60 is that a plant shall have a loose part monitoring
system which is capable of early detection of loose metallic parts in the primary system.
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The system should have design features which are identified in Regulatory Guide 1.133 and include at
least two acoustic sensors, an appropriate minimum system sensitivity and physical separation of each !

channel.
'

:

.
.

;
.In addition, the system should be designed with a data acquisition system with both manual and automatic !

stan-up capability, an established "alen level" for loose pans,.and capability for sensor channel i
operability testing. |

t
'

Finally, the system should be designed for expected environmental and seismic conditions, contain quality '!

components, and provide for enhanced maintainability, i

e

Pa=ahdion ,

i

The System 80+ Standard Design utilizes a Loose Parts Monitoring System (LPMS) to detect the i

presence of loose pans in the reactor coolam system (see Section 7.7.1.6.3). The primary function of i

the LPMS is to detect the presence of a loose pan within the primary pressure boundary. The secondary '!
;

function of an LPMS is to provide diagnostic information that will assist in determining: (1) the nature,

; of the loose pan (s) (e.g., fixed or free); (2) the location of the loose pan; and (3) the characteristics of
the loose part (e.g., size, mass, and velocity). In addition the LPMS is designed to provide the operator :

with automatic and manual stan-up capability. Funbermore, the system is designed to meet the guidance {4

established in Regulatory Guide 1.133. Rev.1 (Reference 1). LPMS sensors are installed at the locations i

given in Table 7.7-4. .|

These locations correspond to natural collection regions for loose pans in the primary system and
secordary side of the steam generator. The two sensors at each natural collection region and their
associated cabling and amplifiers are physically separated.

Signals from the sensors are routed via high-temperature, low-noise cable to in-containment charge"

' amplifiers. The charge amplifier output is transmitted to alarm units located within the equipment room..

i The alarm unit compares the peak value of the accelerometer output to a predetermined threshold and
provides an alarm to the control room annunciator and plant computer systems.

! - Finally, the design of the LPMS conforms to Regulatory Guide 1.133 as stated in Sections 7.1.2.30 and

i 7.7.1.6.3.

Since the loose pans monitoring system meets the intent of guidance given in Regulatory Guide 1.133,
Rev.1 (Reference 1), this issue is, therefore, closed for the System 80+ Standard Design.

i

References

1. Regulatory Guide 1.133, Rev.1, " Loose-Part Detection Program for the Prunary System of Light-
Water-Cooled Reactors," U.S. Nuclear Regulatory Commission, May 1981.

1

20.2.77 Allowable ECCS Equipenent Outage Periods j
,

Issue

- Generic Safety Issue B-61 addresses the potential for an overall reduction in the core damage frequency ;

- of a plant by reducing the frequency of surveillance testing and reducing permissible outage times for .j
safety-related ECCS equipment. !

4
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Historically, ECCS equipment outage times and surveiUnnce testing were not established by analysis.
Instead, these test requirements were developed using engineering judgment and equipment operating,
performance testing, and maintenance histories.

After development, these test requirements were incorporated into the station Technical Specifications as
Limiting Conditions for Operation (LCOs).

Studies performed for the NRC on operating reactors indicated that from 30 to 80 percent of the ECCS
system unavailability was due to testing, maintenance and allowed outage periods. The NRC is therefore
evaluating whether overall ECCS unavailability, and resulting core damage frequency, can be reduced
by extending the intervals between testing and maintenance of equipment within a range in which
equipment unavailability due to testing and maintenance is reduced more than the predicted equipment
unavailability due to failure is increased. Probabilistic risk assessment (PRA) mentods would be used
to determine the optimum intervals between ECCS equipment tests. Surveillance intervals optimized in
this manner would then be used in LCOs.

As a part of this program a computer code (References 1,2) has been developed for the time dependent
unavailability analysis. This code, using generic data from the Interim and National Reliability
Evaluation Programs (IREP and NREP, respectively), will be applied to several PWRs to verify the
capability of the code to determine optimum surveillance intervals and resulting overall risk reduction.
The costs and benefits can then be assessed. Because the NRC evaluation of tnis issue has not yet been

completed the initial LCOs for a future plant design may continue to be based on current industry practice
without prejudicing later optimization when the methods and requirements have been confirmed. The
overall plant PRA should take the initial LCOs into account, to establish a base against which to measure
the effects of later optimization.

Acceptance Criteria

The acceptance criterion for the resolution of GSI B-61 for future plant designs is that the Technical
Specification LCO surveillance periods and allowable outage times of ECCS equipment shall be developed
in accordance with current industry practice.

The LCO surveillance periods and outage times shall be accounted for in the overall plant PRA required
by 10 CFR 52 (Reference 3). Any subsequent proposed changes to the LCOs' provisions for ECCS
surveillance shall be demonstrated to be within the results of an existing PRA.

Resolution

The System 80+ Standard Design evolved from the System 80 design with the incorporation of many
design enhancements to improve the operation and safety of the plant, and the most significant advances
are in the area of engineered safety features. These include a four-train system for high pressure safety
ir$jection drawing water from an in-containment refueling water storage tank, which permits long-term
recirculation without a changeover of water sources (also true for the containment spray system), a
dedicated safety-grade emergency feedwater system, and an integrated containment spray and shutdown
cooling system. Also included are a safety depressurization system, and an alternate AC power source
to help cope with loss of power events.

The Technical Specification LCOs for the System 80+ Standard Design (see Chapter 16) are developed
from the System 80 LCOs in successful use at the Palo Verde Nuclear Generating Station, taking into
account the design and safety improvements alluded to above. The System 80 LCOs were in turn
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iQQ developed from the experience with similar systems 'md components during many years of operation at i

previous C-E nuclear power plants. Thus the System 80+ Standard Design LCOs for the surveillance !

and outage times for safety equipment are consistent with the same general body of component availability
experience which is used as input to the System 80+ Standard Design PRA (see Chapter 19). |

,

i

The PRA uses a system fault tree approach to quantify system accident sequences which result in severe
*

core damage. Data related to the engineered safety features used in the quantification includes:

* Component failure rates.

Componem repair times and maintenance frequencies,*

Component inspection and test times and frequencies, and*

* Allowable equipment outage times.
.

The data is used in accordance with the guidance in NUREG/CR-2815 (Reference 4), and basic failure
rate data is obtained from the EPRI ALWR Requirements Document (Reference 5) supplemented with
data from the NREP Generic Data Base (Reference 6) and other nuclear sources. Maintenance and repair
times are calculated as outlined in NUREG/CR-2815. The inspection and test times and frequencies are

as specified in the System 80+ LCOs (See Chapter 16).

5The PRA demonstrates that the System 80+ Standard Design meets the industry goal of lx10 core

O damage frequency per reactor year for future reactors and indicates that the initial LCOs are consistent
with this goal. The owner-operator may refine the LCOs to achieve further risk reduction or increased
operational flexibility provided that the resulting overall risk is shown to be within the results of the PRA. ,

This issue is therefore resolved for the System 80+ Standard Design.

References

1. NUREG-0193, " FRANTIC - A Computer Code for Time Dependent Unava' lability Analysis,"
U.S. Nuclear Regulatory Commission, October 1977.

2. NUREG/CR-1924, " FRANTIC II - A Computer Code for Time Dependent Unavailability
Analysis," U.S. Nuclear Regulatory Commission, April 1981.

3. 10 CFR 52, "Early Site Permits; Standard Design Certification; and Combined Licenses for ,

Nuclear Power Reactors," Office of the Federal Register, National Archives and Records :

Administration. '

4. NUREG/CR-2815. "Probabilistic Safety Analysis Procedures Guide," Brookhaven National
Laboratory, January 1984.

5. " Advanced Light Water Reactor Requirements Document - Chapter 1: Overall Requirements,
Appendix A: PRA Key Assumptions and Groundrules," Electric Power Research Institute.

~

6. EGG-EA-5887, " Generic Data base for Data and Models Chapter of the National Reliabilityg
'tv) Evaluation Program (NREP) Guide," E.G. and G., Idaho Falls, June 1982.
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20.2.78 Isolation of Low Pressure Systems Connected to the Reactor Coolant Pressure
Boundary )

i

Issue
1

Generic Safety Issue B-63 concerns the need to ensure the integrity (i.e., leak-tightness) of boundary i

valves installed between high pressure (HP) (i.e., the Reactor Coolant System pressure boundary) and |
low pressure (LP) safety-related systems, during plant operation by performing periodic inservice testing. |

|

The ASME B&PV Code, Section III controls the design, fabrication, and initial testing of boundary and j

relief valves. During operation, the ASME B&PV Code, Section XI, specifies boundary and relief valve
'

testing requirements to assure continued valve integrity.

Because of the importance of the HP to LP interface for safety-related systems, the NRC reviewed and
updated SRP Section 3.9.6 by issuing Revision 2 (Reference 1). This SRP references and endorses the
ASME B&PV Code, Section XI (for the in-service testing of the boundary valves). A related issue,
which also discusses the integrity of the HP to LP interface between safety-related systems is GSI 105,
" Interfacing Systems LOCA"

Acceptance Criteda

The acceptance criterion for the resolution of GSI B-63 is that the periodic inservice testing of the HP
to LP system boundary valves shall meet the intent of SRP 3.9.6, Revision 2. Because SRP 3.9.6,
Revision 2, endorses the requirements of the ASME B&PV Code Section XI, periodic testing of these
valves shall be performed in accordance with the code.

Specifically, these boundary valves shall comply with the requirements of the applicable IWV subarticles
identified within Section XI of the ASME B&PV Code. This compliance shall include the appropriate
classification and/or categorization of safety-related valves and the development of the proper test
procedures for pre-operational and periodic inservice valve testing.

Resolution

Because of the importance of the interface between HP and LP safety-related systems, all pressure
containing components used in the System 80+ Standard Design identified as Safety Class 1,2, or 3
(including all HP to LP safety-related system boundary valves, e.g., SCS isolation valves) are designed,
manufactured, and tested in accordance with the ASME B&PV Code, Sectim III (See Section 3.2.2; also,
Table 3.2-2, which provides a cross-reference between safety class and cde class.) A review of the
System 80+ design with respect to Interfacing System LOCAs is presented in Appendix SE.

Furthermore, with respect to assuring the integrity of boundary valves during operation, these valves will
be periodically inservice tested in accordance with Section XI of the ASME B&PV Code. Specifically,
Code Class 1, 2 and 3 valves will be categorized in accordance with the provisions of subarticle
IWV-2100 of the ASME B&PV Code Section XI. Valves will be tested to the requirements of subsection
IWV for each valve category. Finally, the valyc test requirements are included in Section 3.9.6.2 and
the frequency of valve performance testing is included in Chapter 16.

O

Appromf Design Ataterka! Resokman of Safetyissues Page 20.2116



Sy~ tem 80 + Design CuntrolDocument

,,a

(") in summary, the design, manufacture, pre-operational testing, and in-service testing of the boundary
valves used in the interface between safety-related HP and LP systems is controlled in accordance with
the ASME Code and, thus, satisfies the intent of SRP Section 3.9.6, Revision 2. Therefore, this issue
is resolved for the System 80+ Standard Design.

References

1. NUREG-0800, " Standard Review Pan for the Review of Safety Analysis Reports for Nuclear
Power Plants - LWR Edition," U.S. Nuclear Regulatory Commission.

2. ASME Boiler & Pressure Vessel Code, Sections III and XI.

20.2.79 Control Room Infiltration Measurements

Issue

Generic Safety Issue B-66 addresses maintenance of the control room in a safe habitable condition under
accident conditions by providing adequate protection for the plant operators against airborne radiation and
toxic gases.

The rate of air infiltration into the control room is a significant factor in maintaining habitability, and the
NRC measured air exchange rates in selected operating reactor plant control rooms to improve the data
base for evaluating its effects.

IO
!C) No new design requirements were established by the NRC as a result of this and other work related to

control room habitability in an accident. However, more specific review procedures were incorporated
in SRP Sections 6.4.1 and 9.4.1 (Reference 1), including the habitability review provisions of TMI
Action Plan item III.D.3.4 regarding analyses of toxic gas concentrations and operator exposures from ,

airbome radioactive material and direct radiation, to ensure more effective implementation of existing )
'

requirements.
I

Acceptance Cdteria

The acceptance criterion for the resolution of GSI B-66 is that the control room ventilation and air-
conditioning systems be designed to maintain the room's environment within acceptable limits for the !

operation, testing and maintenance of the unit controls and for uninterrupted safe occupancy during
normal and accident conditions. Specifically, these systems shall be designed to meet the intent of the
guidance given in SRP, Sections 6.4.1, Revision 2 and 9.4.1 Revision 2, including the guidance of
Regulatory Guides 1.29,1.78,1.95,1.52 and 1.140 (References 2 through 6).

Resolution ,

1

I

The System 80+ Standard Design Control Room Ventilation System provides continuous pressurization
of the room to prevent entry of dust, dirt, smoke, and radioactivity originating from outside the room.
Filtered outdoor air for pressurization is taken from either of two locations such that a source of
uncontaminated air is available. Each intake location is monitored for radioactivity, toxic gases and
products of combustion (see Section 9.4.1). In the event of an outside air contamination signal from the,

(0 CR intake radiation monitors, the component control logic will automatically close the more contaminatedi

intake and divert the control room intake and the recirculation flows via the designated control room
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filtration unit. Identification of potential hazardous gas sources and releases at or in the vicinity of a
specific plant site, and analysis of the resulting concentration in the control room, are the responsibility
of the owner-operator.

Outside air will flow through the filter train to the control room to maintain a positive pressure with
respect to adjacent areas including the outside. The control room filtration units and ventilation fan also
automatically start on a Safety injection Actuation Signal (SIAS). All Main Control Room Air-
Conditioning System ductwork outside the main control room emergency zone (MCREZ) including the
filtration units is either leak tight or is of welded construction. The applicable welding code is AWS
D9.1. The ductwork will be pressure tested for leakage. The leakage through MCR intake ductwork
shall be less than the maximum allowable for the associated design. Room air temperatures are
maintained at habitable levels by internal recirculation coeling. The habitability systems are able to
reliably perform their functions during emergency conditions due to the conservative design features of
the systems (see Sections 6.4 and 9.4.1).

Since the control room is monitored, pressurized and filtered by the above-described systems, and since
NRC requirements and the intent of the guidance for their design are met, the issue of air infiltration is
resolved for the System 80+ Standard Design.

References

1. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants -- LWR Edition," U.S. Nuclear Regulatory Commission.

2. Regulatory Guide 1.29, " Seismic Design Classification," Revision 3, U.S. Nuclear Regulatory
Commission, September 1978.

|

3. Regulatory Guide 1.78, " Assumptions for Evaluating the Habitability of a Nuclear Power Plant 1

Control Room during a Postulated llazardous Chemical Release," U.S. Nuclear Regulatory
Commission, June 1974.

4. Regulatory Guide 1.95," Protection of Nuclear Power Plant Control Room Operators against an
Accidental Chlorine Release," Revision 1, U.S. Nuclear Regulatory Commission, January 1977. !

|

5. Regulatory Guide 1.52, " Design, Testing, and Maintenance Criteria for Post-Accident Engineered- 1

Safety-Feature Atmosphere Cleanup System Air Filtration and Absorption Units of Light-Water-
Cooled Nuclear Power Plants," Revision 2, U.S. Nuclear Regulatory Commission, March 1978.

6. Regulatory Guide 1.140, " Design, Testing, and Maintenance Criteria for Normal Ventilation
Exhaust System Air Filtration and Absorption Units of Water-Cooled Nuclear Power Plants,"
Revision 1, U.S. Nuclear Regulatory Conunission, October 1978.

1

20.2,80 Assurance of Continuous Long-Term Capability of Hermetic Seals on Instrumentation |
!and Electrical Equipment

Issue

Generic Safety issue C-01, identified in NUREG-N71, was developed because of concerns regarding the
long-term capability of hermetically-sealed instruments and equipment which must function in post-
accident environments. Certain classes of instrumentation incorporate seals. When safety-related

,

i
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couvonents within containment must function during post-LOCA accident conditions, their operability |
is sensitive to the ingress of steam or water. ;

;

| |
If the seals should become defective as a result of personnel errors in the maintenance of such equipment, i'

such errors could lead to the loss of effective seals and the resultant loss of equipment operability. The j
establishment of a basis for codidence that sensitive equipment has a seal during the lifetime of the plant j

is needed. |

Acceptance Criteria !

i

The NRC has. undertaken a program to reevaluate the qualification of all safety-related electrical ;

equipment at all operating reactors. As part of this program, more definitive criteria for environmental
qualification of safety-related electrical equipment have been developed by the staff. The Division of
Operating Reactors' ' Guidelines for Evaluating Environmental Qualification of Class 1E Electrical

'

Equipment in Operating Reactors" (DOR Guidelines) were completed in November 1979. The Guidelines i

. are intended as a screening device to catch those pieces of equipment which might have qualification ;

problems. In addition, for reactors under licensing review, the staff has issued NUREG-0588. The staff-
intends to evaluate the qualification of all electrical safety equipment in operating plants pursuant to the
Guidelines. if problems arise, the staff shall resolve them using NUREG-0588 as a guide for their
judgement. j

|
'

Resolution

( . The equipment qualification program summarized in Section 3.11 of provides assurance that safety grade
equipment will perform as rcquired for design basis safety analysis events (see Chapters 6 and 15).
Furthermore, the review of equipment for survivability (see Section 19.11.4) provides reasonable ,

I
assurance that equipment for mitigation of severe accidents will function as expected. Therefore, this
issue is resolved for the System 80+ design.

20.2.81 Study of Containment Depressurization by Inadvertent Spray Operation

Issue

Generic Safety issue C-02 addresses the need to design PWR containment vessels to withstaml the
external pressure experienced after inadvenent Containment Spray System (CSS) operation.

Inadvenent operation of the CSS may result in a depressurization of the containment vessel that could
cause an excessive negative pressure I:Terential across the pressure boundary. Some PWRs were
provided with pressure limiting devices such as vacuum breakers as an alternative to designing the
containment to withstand the differential pressur. These features were necessary because the relatively
short coMainment depressurization transient could threaten containment integrity.

To assure the containment vessel integrity required by 10 CFR 50, Appendix A (GDCs 38 and 50),
(Reference 1), the NRC established the guidance in SRP Section 6.2.1.1.A (Reference 2).

Acceptance Criteria

The ' acceptance criterion for the resolution of GSI C-02 is that PWR containments shall be designed to
accommodate the external pressure resulting from inadvenent containment spray operation. In addition.

' the. containment spray system shall be designed to limit the possibility of inadvenent acmation.
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Specifically, the containment vessel and spray system shall be designed to meet the requirements of 10
CFR 50, Appendix A (GDCs 38 and 50), by implementing the guidance identified in SRP Section
6.2.1.1. A.

Resolution

The System 80+ Standard Design includes a spherical containment vessel and a Containment Spray
System (CSS) which are designed to prevent the release of radioactive material to the environment after

an accident. (See Section 1.2.4.1.)

The capability of the containment structure to maintain leak-tight integrity is ensured by a comprehensive
design, analysis, and testing program that includes consideration of:

The peak containment pressure and temperature associated with the most severe postulated accident*

coincident with the safe shutdown earthquake.

The maximum external pressure loading condi iw to which the containment may be subjected ast*

a result of inadvertent containment systems operation (including the CSS) that potentially reduce
containment pre;sure below outside atmospheric pressure.

The containment vessel is designed to meet the requirements of 10 CFR 50, Appendix A as described
in Sections 3.1 and 3.8.

The containment spray system is a safety-related system designed to reduce containment temperature and
pressure from a main steam line break or a loss-of-coolant accident. It is a single functior. system
separated from other systems to minimize the potential for inadvertent operation.

Actuation of the safety-related containment spray system is performed by the Engineered Safety Features
Actuation System (ESFAS) through the ESF-Component Control System (CCS). These systems meet all
the requirements for Class IE safety-related instrumentation as described in Section 7.3. The Plant
Protection System design includes four redundant channels and 2-out-of-4 coincidence logic which
prevents single failures from spuriously causing containment spray actuation at the systems level. Each
ESF-CCS redundant train design also includes selective 2-out-of-4 coincidence logic. ESF-CCS output
devices are segmented into pump and valve groupings to minimize simultaneous spurious actuation.

Instrumentation and controls for the CSS are part of the Nuplex 80+ Advanced Control Complex (ACC).
The Nuplex 80+ ACC is based upon accepted human factors engineering principles and methodologies
(see Chapter 18). A specific design goal of the Nuplex 80+ ACC man-machine interface is to reduce
the potential for human error that could affect plant safety or availability (see Section 18.3.1). By
applying the accepted human factors principles and methodologies to the design of the entire ACC,
including the CSS instrumentation and controls, the possibility of inadvertent actuation as a result of
operator error is minimized.

In summary, the containment vessel and spray system for the System 80+ Standard Design are designed
using the guidance given in SRP Section 6.2.1.1.A and, therefore, meet the applicable requirements of
10 CFR 50, Appendix A. Thus, this issue is resolved for the System 80+ Standard Design.

References

1. 10 CFR 50, Appendix A. " General Design Criteria for Nuclear Power Plants."
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(V) .2. NUREG-0800, Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants - LWR Edition, U.S. Nuclear Regulatory Commission. !
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1 20.2.82 Statistical Methods for ECCS Analysis
!

l lasue i
;

. !

Generic Safety Issue C-4 addresses changes that can be made to the conservative statistical me: hod for ;
'

the Emergency Core Cooling System (ECCS) evaluation model. -|

Since 1974 the NRC requirements for performing a loss-of-coolant- accident (LOCA) licensing analyses

; - (ECCS analyses) have been specified in 10 CFR 50.46 and 10 CFR 50, Appendit K (Reference 1). !

During the years since 1974, extensive research has been conducted on the various sspects of a LOCA. )<

'

Because of this research,10 CFR 50 now states that "...It is now confirmed that the methods specified
in Appendix K, combined with other analysis methods currently in use, are conservative and that the

. actual cladding temperature would be much lower than that calculated using Appendix K methods". |
'

|

The NRC has amended 10 CFR 50 Appendix K to permit an alternative ECCS analysis method in '!'

addition to the conservative approach to ECCS analysis. This altemative consists of a realistic ECCS
analysis plus an accounting for the uncertainty of the calculation in the adverse direction. This method'

should produce a reduced calculated peak clad temperature and would, therefore be beneficial with respect
to plant operation and lifetime. The actual degree of benefit would, however, vary from vendor to vendor

.

due to design differences.'

Au*=*- Criteda

The acceptance criterion for the resolution of GSI C-4 is that the plant designer must use and meet one
of the two ECCS evaluation methods described in 10 CFR 50.46 (as stated above).

Resolution

The ECCS design for the System 80+ Standard Design has been improved. For example, the design
uses direct vessel injection and four high pressure safety injection pumps (HPSI) pumps while previous
plants typically have cold leg injection and two HPSI pumps. These and other design changes preserve
margin for large LOCAs and significantly improve margin for small LOCAs. Therefore, the performance
margin for the System 80+ Standard Design based upon models addressing 10 CFR 50.46 and 10 CFR
50, Appendix K requirements has been significantly increased.

In addition, the present ECCS model preserves the conservatism upon which fuel design criteria and
operational requirements were based for a previous design. Therefore, the conservative ECCS evaluation
model identified in 10 CFR 50.46 and 10 CFR 50, Appendix K, whid has been approved by the NRC,
is used for ECCS analysis for the System 80+ Standard Design.

Since the conservative ECCS evaluation model identified in 10 CFR 50.46 and 10 CFR 50, Appendix i

K, remains valid for LOCA analysis, an:1 since this method is approved by the NRC, this issue is
resolved for the System 80+ Standard Design.

O
+
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References

1. 10 CFR 50.46 and 10 CFR 50, Appendix K, "ECCS Evaluation Models," Code Of Federal
Regulations.

20.2.83 Decay IIeat Update

Issue

Generic Safety Issue C-5 addresses the need for a designer to select a specific decay heat function for the
nuclear power plant LOCA analysi;. There are two permissible decay heat functions, with associated
uncertainties, which can be used in ECCS evaluation models. Each of these decay heat functions is a part
of a particular LOCA evaluation model. In 1974, the NRC documented in 10 CFR 50.46 and 10 CFR
50, Appendix K, (Reference 1) the required features of LOCA evaluation models. 10 CFR 50.46 and
10 CFR 50 Appendix K specifies that the fission product decay heat generation function be based on ANS
Standard 5.0, (Proposed), (Reference 2) plus a 20% uncertainty factor.

More recently, a " Summary of Rule Changes" (Reference 3), promulgated by the NRC, amended 10 CFR
50.46 and 10 CFR 50 Appendix K, such that ECCS analysis can be performed by either of two
approaches. The historic conservative approach may continue to be used that specifies the ANS Standard
5.0 decay heat function, plus 20% uncertainty as a part of the current LOCA analytical methodology.
This approach is the same as the treatment of decay heat in LOCA analyses historically performed to
demonstrate compliance with 10 CFR 50.46.

The alternative approach is to replace the highly conservative mthod of 10 CFR 50.46, Appendix K, by
a realistic analysis plus an accounting for the uncertainty of the calculation in the adverse direction. An
acceptable function for the realistic fission product decay heat is provided in ANS Standard 5.1,
(Reference 4). The acceptability of this function has been identified in NUREG-0933.

Acceptance Criteria

The acceptance criterion for the resolution of GSI C-5 is that the plant designer shall select either the
historic, conservative approach for predictions of decay heat employing the function described in ANS
5.0 (Proposed) or the recent, more realistic approach using the fission product decay heat function
identified in ANS 5.1, in order to meet the requirements of 10 CFR 50.46.

Resolution

The System 80+ Standard Design addresses loss-of-coolant (LOCA) events by incorporating a
conservative LOCA analysis with a conservative system design.

With respect to conservative LOCA analysis, the System 80+ Standard Design meets the criteria of 10
CFR 50.46, by using the highly conservative fission product decay heat function identified in ANS 5.0,
(Proposed), in lieu of the new and more realistic decay heat model described in ANS 5.1.

In addition from a design standpoint, the Safety injection System has been improved by including two
additional high pressure safety injection pumps (for a total of four pumps).

Because of conservative system design and analysis for LOCA events the requirements of 10 CFR 50.46
are met and this issue is resolved for the System 80+ Standard Design.
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20.2.84 Effective Operatica of canemin.nene Sprays in a LOCA
,

| lasue -
!

Generic Safety Issue C-10 is concerned with the effectiveness of various containment spray solutions in .

removing airborne radioactive materials present in the containment after a loss-of-coolant accident :
.

(LOCA). Also of concern is the possible damage to equipment in the containment caused by Gw solutions .

in an inadvertent actuation of the spray system. After the TMI accident it became evident that previous

O regulatory assumptions as to the forms and timing of the release of radioactive iodine in an accident
causing fuel damage were probably unduly conservative. The NRC and industry therefore reviewed

"
>

! experimental data and industry practice with regard to controlling the pH of spray solutions, which have .
to be borated to prevent boron dilution of reactor coolant, so as to ensure removal of radioactive iodine
and particulates from the containment atmosphere and also to minimize corrosion in the safeguards;

systems during subsequent long term cooling. Some additives commonly used for pH control also have
the potential to damage containment equipment if the spray system is unintentionally actuated, and make

'

the resulting cleanup effort more difficult.

It was concluded that during the initial stage of an accident the removal efficiency of containment spray,

containing no dissolved iodine is essentially independent of the pH (for pH values less than 6.5) of the.

spray solution, but that while recirculating containment spray after the initial stage of the accident it is
desirable to maintain the pH of the containment sump solution high enough to prevent re-release of
absorbed iodine. Also at this time, as previously discussed in Branch Technical Position (BTP) MTEB
6-1 attached to Revision 2 of SRP Section 6.1.1 (Reference 2), the pH should be high enough to preclude
stress corrosion cracking of austenitic stainless steel materials used in emergency safeguards systems. ,

The NRC therefore issued Revision 2 of SRP Section 6.5.2 (Reference 1). This revision endorses the
industry standard ANSI /ANS 56.5-1979, "PWR and BWR Containment Spray System Design Criteria"
(Reference 2) with the proviso that the standard's requirements for spray solution pH control need not
be followed.

Acceptance Cdteria

'

. The acceptance criterion for the resolution of GSI C-10 is that the containment spray system shall be
4 -

designed to meet the requirements of General Design Criteria 41,42, and 43 (Reference 3) related to
fission product removal, periodic inspection, and functional testing, respectively, by conforming to the
guidance of SRP Section 6.5.2 Revision 2. Specifically, the system design shall consider the appropriate ,

A
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criteria of ANSIIANS .56.5-1979 except that the requirements of this standard for any spray additive or
other pH control system need not be followed. The design shall minimize the probability of inadvertent
actuation of the system and of consequent damage to equipment in the containment. The aqueous solution
collected in the containment sump after completion of ECCS injection shall be maintained at an
equilibrium pH of no less than 7.0 for long-term iodine retention and the protection of austenitic stainless
steel materials from stress corrosion cracking in accordance with the guidance of BTP MTEB 6-1. Pre-
operational tests of the containment spray system shall be specified to demonstrate that it meets the design
requirements for an effective fission product scrubbing function, and technical specifications shall specify
appropriate limiting conditions of operation.

Resolution

The System 80+ Containment Spray System (CSS) is a safety-grade system designed to reduce
containment temperature and pressure from a main steam line break (MSLB) or a loss of coolant accident
(LOCA). During a LOCA, decay heat is removed from the recirculated water through the containment
spray heat exchangers and is transferr:d t.) the ultimate heat sink. A second function of the CSS is to
reduce the concentration of airbome radioactive materials following a LOCA and for this function the
system is designed to meet General Design Criteria 41,42, and 43 and conform to the intent of the
guidance of SRP Section 6.5.2.

The CSS consists of two trains which are separate and independent from each other. Each CSS train
consists of an identical CSS pump, heat exchanger, mini-flow heat exchanger, spray heaaer, and
associated piping, valves and instrumentation as described in Section 6.5. The CSS is automatically
actuated on a containment spray actuation signal (CSAS) by opening the spray header isolation valves and
starting the containment spray pumps. (See Section 6.5.2).

The System 80+ Standard Design has an in-containment refueling water storage tank (IRWST), as
described in Section 6.8. The CSS draws water from the IRWST. When spray is initiated during a
LOCA, spray water from the upper elevations drains through major openings such as hatches and
stairwells to the holdup volume of the IRWST, where it is mixed with water spilled from the break.
From the holdup volume, water overflows back into the IRWST, where it is then recirculated by the CSS.

,

The IRWST and holdup volume take the place of the conventional containment sump.
'

The CSS is physically separated from the shutdown cooling system in that a dedicated containment spray
pump and heat exchanger are provided in each CSS train. This feature and the IRWST eliminate the need
to automatically realign the CSS as recommended by SRP Section 6.5.2 to accomplish long-term cooling,
since the CSS short-term injection and long-term recirculation are accomplished with the same CSS line-
up.

The borated containment spray solution contains no additive for pH control during the initial stage of a
LOCA. The effectiveness of the CSS in removing elemental iodine from the containment atmosphere is
discussed in Sections 6.5 and 15.6.5, and the calculated spray removal constant for iodine is given in
Appendix 15A Table 15A-9.

For post-accident iodine control and to minimize corrosion of the stainless steel in the containment, the
pH of the water in the IRWST and thus of the recirculated containment spray solution, is maintained at
a minimum of 7.0 as recommended in SRP Section 6.5.2 and BTP MTEB 6-1. Trisodium phosphate
stored in baskets in the IRWST holdup volume becomes immersed in water during a LOCA and the )
resulting solution overflows into the IRWST. The stainless steel baskets, which are attached to the |
primary shield wall of the holdup volume, have a solid top and bottom with mesh sMes to penmt j
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- submergence of the trisodium phosphate. The baskets are below the IRWST spillway be at a sufficient j;
elevation to prevent an inadvertent submergence during normal operathn. Access a stovided to the i

baskets for inspection and sampling. |
f

. Actuation of the safety-related CSS is performed by the Engineered Safety Features Actuation System :
i!' (ESFAS) through the ESF-Component Control System (CCS). These systems meet all the requirements
'

for Class IE safety-related instrumentation as described in Section 7.3. The Plant Protection System
- design includes four redundant channels and 2-out-of-4 coincidence logic, which prevents single failures !

from spuriously causing containment spray actuation at the systems level. Each ESF-CCS redundant train ;

Idesign also includes selective 2-out-of-4 coincidence logic. ESF-CCS output devices are segmented into;.
pump and valve groupings to minimize simultaneous spurious actuation. |

|
Instrumentation and controls for the CSS are part of the Nuplex 80+ Advanced Control Complex (ACC). |

- A specific design goal of the ACC man-machine interface is to reduce the potential for human error that j

could affect plant safety or availability (see Section 18.3.1). By applying accepted human factors j<

'
'prmciples and mahadalogies to the design of the CSS instrumentation and controls, the possibility of'

!inadvertent actuation as a result of operator error is minimized.
s

i
Finally, all safety-related equipment in the containment is environmentally qualified (see Section 3.11)
and therefore protected against spray actuation.

Pre-operational testing for operability is performed on the CSS and is described in Section 14.2.12.1.40. |
In addition, limiting conditions for operation (LCOs) for the CSS are specified in Chapter 16.

In summary, the CSS design meets the intent of the guidance in SRP Section 6.5.2 Revision 2 and BTP
MTEB 6-1 in order to' fulfill the function of reducing the concentration of radioactive iodine and 1

particulates in the containment atmosphere during and after a LOCA, while also minimizing the
probability of initiating stress corrosion cracking of stainless steel in the safeguards systems. Designj

: features also minimize the probability of inadvertent CSS actuation and damage to safety related
| equipment in the containment. Technical specification LCOs for the CSS are provided. This issue is

therefore resolved for the System 80+ Standard Design.

References
4

1. NUREG-0300, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants," U.S. Nuclear Regulatory Commission.

*

2. ANSI /ANS 56.5-1979, "PWR and BWR Containment Spray System Design Criteria," American
|iNational Standards Institute.4

!

3. 10 CFR 50 Appendix A, Code of Federal Regulations.

20.2.85 Primary Systesu Vibration A=======t
!

Issue
i

Generic Safety Issue C-12 addresses the potential adverse effects of vibration in the Nuclear Steam Supply
System (NSSS) and the means of monitoring for vibration. ,

!

i

!
l
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Concerns have been expressed about damage to primary systems and components as the result of
excessive vibration. A major source of vibration for the NSSS is flow-induced vibration (i.e., water
flowing through the Reactor Coolant System (RCS)). Flow-induced vibration can lead to damage to the
reactor vessel internals and, potentially, interference with control rod movement. The safety concern with
respect to vibration is that excessive wear of the primary system components could lead to the premature
failure of those components and to the subsequent release of debris into the RCS where it could damage
other components (e.g., the fuel, instrumentation, control rods), or to release of radioactivity (which
might occur, for example, during a steam generator tube rupture event).

Acceptance Criteria

The acceptance criterion for the resolution of GSI C-12 is that the system design shall include an effective
method for monitoring and controlling system and/or component vibration. This shall include meeting
the intent of guidance provided in SRP Section 3.9.2, Rev. 2 (Reference 1), and Regulatory Guide 1.133
Rev.1 (Reference 2). (See also GSI B-60 which has requirements for an vibration monitoring system.)

Specifically, the design requirements of 10 CFR 50, Appendix A (Reference 3), (GDC'S 1,2,4,14 and
15) shall be met. Furthermore, specific acceptance criteria concerning the above GDC'S can be found
in SRP Section 3.9.2, Rev 2, Section II.

Resolution

The NSSS for the System 80+ Standard Design addresses the problem of vibration in two ways. First,
by consideration of vibration during the design phase, and, second, by monitoring vibration during plant
startup and operation. Experience from the startup of the System 80 plants at Palo Verde is included in
the System 80+ Standard Design. SRP Section 3.9.2, Rev. 2. and Regulatory Guide L133, Rev. I
guidance is incorporated into the system and component design process (see Sections 3.1 and 3.9.2).

The GDC'S are specifically addressed in Section 3.1. Items such as pre-operational vibration and
dynamic effects testing on piping, seismic qualification testing of safety-related mechanical equipment and
dynamic system analysis methods for reactor vessel internals are considered (See Section 3.9.2).

The System 80+ Standard Design includes a vibration and leak monitoring system to monitor the
integrity of the NSSS (Section 7.7). This system is called the NSSS Integrity Monitoring System (NIMS).
NIMS consists of three subsystems: 1) Internals Vibration Monitoring System (IVMS), 2) Acoustic Leak
Monitoring System (ALMS), and 3) Loose Parts Monitoring System (LPMS).

The primary function of the IVMS is to provide data from which changes in the motion of the reactor
vessel internals can be detected. The LPMS is designed to detect the presence of a loose part within the
reactor coolant system pressure boundary and is designed to meet the guidance of Regulatory Guide
1.133, Rev.1. Further details regarding these subsystems of NIMS may be found in Section 7.7.1.6 and
in the resolution of GSI B40. The ALMS is used to detect leaks from the RCS at specific locations and
therefore does not apply to this issue but is addressed in GSI I.D.5 (3).

In summary, instrumentation necessary to monitor system and component vibration has been consi fered
as part of the design and operation of System 80+. This instrumentation meets the intent of SRP Sn: tion
3.9.2 and Regulatory Guide 1.133, Rev. I and meets the requirements of 10 CFR 50 Appendix A
(GDC'S 1,2,4 and 14). Therefore, this issue is resolved for the System 80+ Standard Design.
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20.2.86 Local Control Stations j

Issue
!

Generic Safety Issue HF 5.1 addresses additional NRC guidance for the design of local control stations.

Acceptance Criteria
,

The acceptance criterion for the resolution of GSI HF 5.1 is that each local control station shall be
designe/i to meet the intent of the guidance given in References 1 through 4. )

.

1

Resolutke

( All aspects of the local control stations in Nuplex 80+ are designed to meet the intent of the guidance
t given in References 1 through 4. The man-machine interfaces at the local control stations are consistent

with the information presentation and control methodologies used in the Nuplex 80+ main control room.

The design philosophy of the Nuplex 80+ local control stations is descrsbed in Section 18.7.1.6.2.
Adequate communications are provided between the local stations and the main comrol room as discussed
in Section 9.5.2. Because the actuation of local controls is on a single component basis, indication of
locally repositioned components is provided in the main control room. A detailed discussion of abnormal
component conditions which are indicated by various alarms is given in Section 18.7.1.6.2.10. It should
be noted that in the Nuplex 80+ design, the ability to achieve cold shutdown during conditions of control

.

room evacuation is provided at the remote shutdown panel. Local control stations are used only for
maintenance and testing activities. Consistent information presentation and control techniques reinforce
desired operator performance behavior and reduce the chance of error during normal and off-normal
operation situations.

Referwoces

1. Vancott & Kincade, " Human Engineering Design for Equipment Design," 1972.

2. - MIL-STD-1472C, " Human Engineering Design Criteria for Military Systems, Equipment &
Facilities," December 1974.

3. NUREG/CR-36%, " Potential Human Factors Deficiencies in the Design of Local Control Stations
and Operator Interfaces in Nuclear Power Plants," April 1984.

Od 4. .NUREG-0700, " Guidelines for Control Room Design Reviews," U.S. Nuclear Regulatory
Commission September 1981.
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20.2.87 Review of Criteria for Human Factors Aspects of Advanced Instrumentation and
Controls (Annunciators)

Issue

Generic Safety Issue HF 5.2 addresses additional NRC guidance for the design of advanced
instrumentation and controls, in particular with respect to plant annunciators.

Acceptance Criteria

The acceptance criterion for the resolution of GSI HF 5.2 is that annunciator systems shall be designed
to incorporate the criteria in References 1 and 2, and meet the intent of References 3,4 and 5.

Resolution

The Nuplex 80+ annunciator system meets the intent of the guidance and each of the basic functional
criteria given in References 3 and 4. The annunciator system is described in Sections 18.7.1.1.4 and i

18.7.1.5. Of major importance is the reduction of the stimulus overload which can occur during major
transients. This reduction has been achieved by decreasing the number of alarm displays by using group
alarm tiles with dynamic message windows and by including processing alge:ithms to generate the alarms.
Stimulus overload is further reduced by basing alarms on validated parameters instead of on individual
sensor channels. Mode and equipment status dependency are included in the alarm logic to eliminate
nuisance alarms. The alarms are functionally grouped (see Sections 18.7.3.2.3 and 18.7.3.2.4). Also
incorporated into the annunciator system are prioritization; availability of first-out alarm information via
the CRT's; implementation of the dark-board concept; and adherence to the accepted criteria for labeling,
location, auditory signal, intensity, flash rates and readability. The appropriate recommendations in
Reference 5 have also been incorporated into the Nuplex 80+ annunciator system.

References

1. Vancott & Kincade, " Human Engineering Design for Equipment Design," 1972.

2. MIL-STD-1472C, " Human Engineering Design Criteria for Military Systems, Equipment &
Facilities," December 1974.

3. NUREG/CR-3696, " Guidelines for Control Room Design Reviews," U.S. Nuclear Regulatory
Commission, April 1983

4. NUREG-0700, "Near Term !mprovements for Nuclear Power Plant Control Room Annunciator
Systems," U.S. Nuclear Regulatory Commission, April 1983

5. NUREG/CR-3987, " Computerized Alarm Systems," U.S. Nuclear Regulatory Commission, June
,

1985. |
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20.2.88 Short-Tenn Accident Analysis and Prvw=huu Revision j

U'
Issue- !

!

Generic Safety Issue I.C.1 addresses the need for improvement in the quality of operational information ' i
,

: provided to plant operations and staff personnel in order to enhance normal plant operation and the :
4 prevention and mitigation of plant transients or accidents. !

:'

' Following the Three Mile Island Unit 2 (TMI-2) accident, new guidance was established to improve the |
!

quality of operational information for dealing with emergency events. The objective of the guidance
identified in NUREG-0737 and supplemented by Generic Letter 82-33 (References 1 and 2) is to improve :

: the quality of procedures to provide greater assurance that operator and staff actions are technically |

correct, by making them explicit and easily understood for_ normal, transient and accident conditions. :
,

The overall content, wording, and format of procedures that affect' plant operation, admmistration,a

maintenance, testing and surveillance are to be evaluated by the NRC in accordance with NUREG-0737
4. " and Generic Letter 82-33.

,

AW- Criteria ;
, -

;

The rW-e criteria for the resolution of GSI I.C.1 is that the intent of the guidance identified in !

; NUREG-0737, as supplemented by Generic Letter 82-33, shall be met. ,

:

Specifically, the guidance is divided into four pans. Parts 1,2 and 3 involve analyses and preparation

.

of guidelines for the preparation of emergency operating procedures for small break LOCAs, recognition

'V and prevention of impending core uncovery, and operation of a plant in natural circulation. ;

i.

The fourth part of this guidance addresses NRC review of procedures, guidelines, and the supporting |
analyses of various transients. Thus, item 4 is not applicable to the plant designer or the owner-operator.

/ 1

Resolution !

! The owner-operator of a nuclear power generating facility using a System 80+ Standard Design must i

'Jmeet the intent of NUREG-0737, Supplement 1, as supplemented by Generic Letter 82-33, by establishing'

emergency procedures which address the evaluation and development of procedures for transients and
accidents.

,.

Specifically, parts 1, 2, & 3 listed in the Acceptance Criteria section above are to be met. l

The ultimate responsibility for meeting NUREG-0737, Supplement 1 and Generic Letter GL 82-33,
remains with the utility owner-operator. Combustion Engineering, however, assists the owner-operator
in establishing these procedures and training the plant operators and staff by providing Emergency
Operations Guidelines.

Specifically, the System 30+ Emergency Operations Guidelines address the guidance provided in'

NUREG-0737, including loss of instrumentation, multiple and consequential failures, adequacy of core
cooling, operator errors during long-term cooling, and optimal recovery guidelines for other plant
accidents.
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Combustion Engineering provides analyses and guidance to assist the owner-operator in meeting the
guidance of NUREG-0737, Supplement 1 and Generic Letter GL 82-33. Therefore, this issue is resolved
for the System 80+ Standard Design.

References

1. NUREG-0737, " Clarification of TMI Action Plan Requirements," U.S. Nuclear Regulatory
Commission, November 1980.

2. Generic Letter 82-33, " Supplement I to NUREG-0737 - Requirements for Emergency Response
Capability," U.S. Nuclear Regulatory Commission, December 1982.

20.2.89 Long-Term Program Plan for Upgrading of Procedures

Issue

The NRC effort for TMI Action item I.C.9 was to develop a long-term program plan for the upgrading
of plant procedures. This plan would incorporate and expand on current effons associated with the
development, review, and monitoring of procedures. Consideration of studies to ensure clear procedures
with panicular emphasis on diagnostic aids for off-normal conditions were called for. The

interrelationships of administrative, operating, maintenance, test, and surveillance procedures were to be
considered. The topics of emergency procedures, reliability analysis, human factors engineering, crisis
management, and operator training were also to be addressed.

That pan of item I.C.9 related to emergency operating procedures (EOP), has been implemented in
accordance with Item I.C.1 of NUREG-0737. In regard to the EOPs, SECY-82-111 requested
Commission approval of a set of basic requirements for emergency response capability and approval for
the staff to work with licensees to develop plant specific implementation schedules. A significant amount
of work on emergency operating procedures has been completed. All four NSSS vendors have submitted
technical guidelines based on re-analysis of accidents and transients.In the area of human factors, a survey
of current practices, research on EOPs, and pilot monitoring of some NTOL plants have been completed
and criteria for development of EOPs were pub!!<hed for public comment in NUREG-0799. NUREG-
0899 was published in final form in September 1982 and incorporated resolution of comments received
on NUREG-0799.

Resolution of this is expected to have a significant impact on plant procedures. The changes in
procedures are in turn expected to improve the safety-related performance of all plant operations staff.
This would apply to both routine and abnormal operating conditions.

Acceptance Criteria

Staff actions under item I.C.9 which penain to normal and abnormal operating procedures, maintenance,
test, surveillance, and other safety-related procedures are continuing. The staff effon related to the above
is scheduled in three phases:

Survey ongoing studies, existing procedures, and practices of related industries; assess problems;e
and prioritize solutions,

Prepare guidance (NUREGs, Regulatory Guides) for industry use.e
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O Issue requirements, prepare inspection guidance, review or audit as necessary.*

V
Resolution

The Combustion Engineering emergency procedure generic guidelines were revised subsequent to TMI-2.
For the System 80+ design, the Emergency Operations Guidelines were adopted and supplemented to
account for new systems and resolution of shutdown risk and severe accident issues. The guidelines were
reviewed by- NRC staff for consistency with design basis safety analysis, the Probabilistic Risk
Assessment and severe accident insights. This issue is, therefore, resolved for the System 80+ design.

20.2.90 Control Room Design Reviews

Issue

As stated in NUREG-0933, Generic Issue I.D.1 was clarified in NUREG-0737, requirements were issued,
and muhi-plant action item F-08 was established for implementation purposes.

Acceptance Criteria

The criteria for control room design reviews are provided in Section 18.4.<

Resolution

This issue is resolved for System 80+ via the Human Factors Engineering and control room designg ,

g review summarized in Chapter 18. I

20.2.91 Plant Safety Parameter Display Console

Issue

I
Generic Safety Issue I.D.2 identifies the need for the provision of a safety parameter display system
(SPDS) that displays a minimum set of parameters which define the safety status of the plant.

Prc, vision of a plant safety parameter display console was made a requirement by 10 CFR 50.34(f),
(Reference 1). The functional criteria and design requirements for the SPDS were defined in Supplement
I to NUREG-0737 (Reference 2). The primary function of the SPDS and the display console is to help
operating personnel in the control room make quick assessments of plant safety status during abnormal j

and emergency conditions. !

Acceptance Criteria j
|

The acceptance criteria for the resolution of GSI I.D.2 are that the SPDS shall meet the intent of the l

applicable requirements of 10 CFR 50.34(f) and NUREG-0737 (Supplement 1); and shall be human
factors engineered consistent with the guidance of SRP Sections 18.0 and 18.2 (Reference 3) and the
supplemental guidance of NUREG-0737 (Supplement 1). NUREG-0700 (Reference 4) provides
guidelines for verifying the application of acceptable human factors principles and criteria.

O The SPDS functions shall be integrated into the overall control room design. The design of the safety

G/ parameter display shall incorporate accepted human factors principles so that the information can readily
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be perceived and comprehended by the users. As a mimmum, information sufficient for determining the
safety status of the plant and assessing whether abnormal conditions warrant corrective action to avoid
core damage shall be provided. In addition to the control room displays, SPDS information should be
provided to the Technical Support Center (TSC) and the Emergency Operations Facility (EOF) to aid in
exchange of information between these facilities and the control room, and to assist corporate and plant
management in making decisions during emergency conditions.

Resolution

The System 80+ Standard Design employs the Nuplex 80+ Advanced Control Complex (ACC) in which
the functions of the SPDS have been integrated into the control room design consistent with the guidance
in SRP Section 18.0. The information is provided on separate display formats that specifically address

plant safety status.

Iluman factors engineering principles such as those presented in NUREG-0700 have been applied during
all stages of the design process to ensure a design that provides information structure, case of use, and
reduced human error. Accomplishment of the SPDS functions meets the intent of the requirements of
NUREG-0737 (Supplement 1) and the guidance of SRP Section 18.2.

SPDS information is provided in all levels of the overall Nuplex 80+ information hierarchy as described
in Section 18.7.1. The highest level of the information hierarchy is a !arge overview status board, known
as the Integrated Process Status Overview (IPSO), that allows for a quick assessment of overall plant
process performance and helps guide the operator to more detailed information. IPSO (see Section
18.7.1.2) is a continuous display format centrally located above the control room panels and contains
information sized to be readable from anywhere within the control room. A critical function matrix,
similar to that provided on the Critical Function Monitoring System for San Onofre Generating Station,
Units 2 & 3, alens the operator to problems impacting twelve safety functions. These problems include:

- Safety related parameters outside of anticipated range (s)

- Unavailability of a safety system that can be used to support the critical functions

- Poor performance of a safety system that is being used to support the critical functions.

The operator obtains the specific cause of the critical function violation by responding to the
corresponding critical function alarm ti!c, located on the safety monitoring panel, or by accessing CRT
display page formats within the Critical Function section of the display page hierarchy (see Sections
18.7.1.5 and 18.7.1.3). The Critical Function section of the display page hierarchy is broken down by
critical function and the success paths that can be used to support the critical functions. The display
pages have been designed to support the System 80+ Emergency Operations Guidelines provided to the
owner-operator. Success path information relating to the performance and availability of the plant safety
system is preserted on these display pages. Section 18.7.1.8 provides further details of the safety related
information in Nuplex 80+.

The Nuplex 80+ CRTs are driven by the Data Processing System (DPS) described in Section 7.7.1.7.
The DPS is a computer-based system that provides plant data and status information to the operator,
derived or processed from plant sensors including the Post Accident Monitoring Instrumentation sensors.
The information is available on both a real-time and historical basis. SPDS and other information
occessary for the handling of emergency plant conditions and assessment of their consequences is also
provided by the DPS to the TSC and EOF when they are activated and manned, as described in
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Sections 13.3.3.1 and 13.3.3.2 respectively. Key parameter values processed by the DPS are also .

indicated directly via the Discrete Indication and Alarm System (Section 7.7.1.4) on discrete indicators |
located on the main control room and remote shutdown panels.

Since the Nuplex 80+ ACC integrates the SPDS functions into the control room design and meets the
intent of the various accen*4nce criteria, this safety issue is resolved for the System 80 + Standard Design..

References

1. 10 CFR 50, Code of Federal Regulations.

2. NUREG-0737 Supplement 1, " Emergency Response Capability Requirements," U.S. Nuclear
Regulatory Commission, December 1982.

3. NUREG-0800 '' Standard Review Plan for the Review of Safety Analysis Reports for Nuclear |
Power Plants - LWR Edition," U.S. Nuclear Regulatory Commission. j

4. NUREG-0700, " Guidelines for Control Room Design Reviews," U.S. Nuclect Regulatory
Commission, September 1981.

20.2.92 Safety System Status Monitoring

Issue

As stated in NUREG-0933, TMI Action Plan item I.D.3 recommended that a study be undertaken to
determine the need for all licensees and applicants not committed to Regulatory Guide 1.47 to install a
bypass and inoperable status indication system or similar system.

Implementation of a well-engineered bypass and inoperable status indication system could provide the
operator with timely information on the status of the plant safety systems. This operator aid could help
eliminate operator errors such as those resulting from valve misalignment due to maintenance or testing
errors.

Acceptance Criteria

A study of current industry (nuclear and others) practices could be undertaken to evaluate possible
methods / systems for verifying correct system alignment. In conjunction with this, a study of failures of
systems due to pump or valve unavailability could be undertaken. Based on the results, a requirement
to backfit or not backfit Regulatory Guide 1.47 (or a revision thereof) would be set forth.

Resolution

System 80+ complies with Regulatory Guide 1.47, as summarized in Section 7.1.2.21.
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20.2.93 Control Room Design Standard

issue

Generic Safety Issue I.D.4 addresses the need for guidance on the design of control rooms to incorporate
human factor considerations, and the desirability of endorsing an industry standard for future control
room designs.

Under GSI 1.D.1, the NRC issued NUREG-0700 (Reference 1) for the guidance of the detailed control
room design reviews required of operating plant control rooms for conformance to accepted human
factors principles. SRP Section 18.1 (Reference 2) was issued to document the NRC review process for
both existing and advanced control room designs. Appendix B of NUREG-700 contains guidance of the
design of new control rooms. Additional human factors engineering guidance on various aspects of
control room design has been developed in NUREG/CR reports 3217, 3987,4221 (References 3,4, 5)
and various industry publications. In assessing whether to develop a Regulatory Guide to endorse an
industry standard or standards for the human factors engineering of advanced control rooms, the NRC
concluded that the combined guidance of SRP Section 18.1, the NUREG reports noted above, and
acceptable industry publications is adequate, and that development of a new Regulatory Guide is not
needed.

Acceltance Criteria

The acceptance criterion for the resolution of GSI I.D.4 is that the advanced control room design meet
the applicable requirements of 10 CFR 50 Appendix A, GDC 19 (Reference 6) as it relates to the control
room being designed with appropriate human factors engineering (HFE) principles to assure that the
operator-machine interfaces are adequate to support safe operation of the plant. This shall be
accomplished by conforming to the guidance of SRP Section 18.1 and NUREG-0700 Appendix B,
supplemented as applicable by the guidance in References 3,4,5 and 7 to 12.

The control room should utilize CRT displays and other advanced display technologies. It should be
designed only after a full analysis has been made of the control tasks to be performed, and should provide
means for data gathering and processing which support operator tasks and decision making. Human
factors principles and criteria should be applied to work space, work environment, annunciator warning
systems, panel layout and control-display integration.

Resolution

The System 80+ Standard Design employs the Nuplex 80+ Advanced Control Complex (ACC). HFE
methods, principles and criteria such as those presented in NUREG-0700, Appendix B have been applied
throughout the design of the ACC, as documented in Chapter 18.

The process used in the design of the ACC man-machine interface and the applications of HFE are
summarized in Section 18.4, A dedicated, multi-disciplinary team was established for the design of the
man-machine interface, consisting of human factors specialists, systems engineers, instrumentation and
controls engineers, and senior reactor operators. A separate Nuplex 80+ design review team, including
Duke Power Company personnel to provide the perspective of a nuclear plant utility and constructor,
perfonns regular reviews of the ACC design as it is developed. These teams are described in Section
18.2. Consistent with SRP Section 18.0, a detailed functional task analysis was performed to provide
a basis for the ACC design. As part of the functicnal task analysis, information and control
characteristics requirements were developed and man-machine functions allocated. The analysis detailed

Approwd Design hinterial- Resokstion of Safety issues Pope 20.2134



_ _ _ _ _ , __ _ _ _. ._. ._ _ _ . _ . _ __ .- .- _ _ . _ _

E

c

c .

[.
System 80+ Deslan contrar Document .

1

the operator's tasks involved in decision processing to ensure that: (a) only needed infornntion is !

presented to the operator, (b) the amount of information does not exceed human cognitive limitations,
'

'

and (c) information is presented in usable form. The functional task analysis and its results are described
'

in Section 18.5. ;

A control room configuration was established (see Section 18.6) based on accepted HFE principles and
on analysis of staffing requirements. Environmental and communications criteria for the ACC were also
developed at this time. Standard panel design criteria and algorithms for alarm and parameter validation
processing were then developed.

Information presentation methods and panel layouts in the Nuplex 80+ ACC are detailed in Section 18.7.
The main control panels are designed as compact workstations. Each workstation integrates miniaturized
component control switches, discrete indicators, alarm tiles, message windows, and video display units I

such that both safety and non-safety display devices are routinely used by the operator. Information is
presented hierarchically on four levels: (a) high level plant overview, (b) for general system monitoring,
(c) for component / system control, and, (d) for problem diagnosis. Two independent and diverse (yet
integrated) computer based systems are utilized to process data and drive the display devices.

The final steps in the HFE design of the Nuplex 80+ ACC are verification and validation (see Section i

18.9) consistent with the guidance of NUREG-0700. Verification consists of a detailed evaluation of the
control room design and prototypes of the equipment based upon the functional task analysis to ensure
that they are suitably designed for their intended use. ]

Validation uses a partially dynamic mockup of a Nuplex 80+ panel to evaluate the integration of display

O and control components, followed by a demonstration of one-man normal operation, using a full scale
partially dynamic mockup of the main control panel.

Since the human factors engineering of the Nuplex 80+ ACC complies with the acceptance criteria as j
described above, this issue is resolved for the System 80+ Standard Design.

References

1. . NUREG-0700, " Guidelines for Control Room Design Reviews," U.S. Nuclear Regulatory
Commission, September 1981,

2. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants - LWR Edition," U.S. Nuclear Regulatory Commission.

3. NUREG/CR-3217, "Near-Term Improvements for Nuclear Power Plant Control Room j

Annunciator Systems," U.S. Nuclear Regulatory Commission, April 1983. I
)

4 NUREG/CR-3987, " Computerized Alarm Systems," U.S. Nuclear Regulatory Commission, June {
1985.

J. : NUREG/CR-4221, " Human Engineering Guidelines for the Evaluation and Assessment of Video
Display Units," U.S. Nuclear Regulatory Commission, July 1985.

' 6, 10 CFR 50 Appendix A " General Design Criteria."
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10. IEEE Standard 1023-1988, "IEEE Guide for the Application of Human Factors Engineering to
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11. MIL-STD-1472C, " Human Engineering Design Criteria for Military Systems, Equipment and
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12. VanCott and Kincade, "Iluman Engineering Design for Equipment Design," 1972.

20.2.94 Operator-Process Communication

Issa

Generic Safety issue I.D.5(1) addresses the man-machine interface in the control room with reference to
the use of lights, alarms, and annunciators. Operator error may result from information overload,
unnecessary distractions, and lack of information organization.

Acceptance Criteria

The acceptance criteria for the resolution of GSI I.D.5(1) are included in GSI HF5.2.

Resolution

The resolution for GSI 1.D.5(1) is included in the resolution to GSI HF5.2.

Since GSI 1.D.5(1) is subsumed by the above GSI, this issue is resolved for the System 80+ Standard
Design.

20.2.95 Improved Control Room Instrumentation - Plant Status and Post-Accident Monitoring

Issue

Generic Safety issue I.D.5 (2) addresses the need to improve the operators' ability to prevent, diagnose
and properly respond to accidents.

This issue was originally identified in the TMI Action Plan (Refercace 1) and resulted in the
establishment of new NRC requirements. Guidance for addressing the issue is provided in Regulatory
Guide 1.47 (Reference 2) which provides an acceptable method for implementing the requirements of
IEEE 279-1971 and 10 CFR 50, Appendix B (Criterion XIV) with respect to the bypass or inoperable
status of safety systems, and Regulatory Guide 1.97 (Reference 3) which defines an acceptable method
for implementing NRC requirements to provide instrumentation and to monitor plant variables and
systems during and following an accident.
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Acceptance Cdteria

The acceptance criteria for the resolution of GSI I.D.5 '2) are contained in:

1. Regulatory Guide 1.47 for emergency safeguards features (ESF) status monitoring. Automatic
bypassed or inoperable status indication at the system level is recommended for the plant
protection system, safety systems actuated or controlled by the protection system and their
auxiliary and supponing systems. These indications should be provided in the control room and
should have manual input capability.

2. Regulatory Guide 1.97 for post-accident monitoring instrumentation. This Regulatory Guide
identifies criteria for design and qualification of the instrumentation divided into three
categories, designated 1,2 and 3, which provide a graded approach to requirements based on
the importance to safety of the variable being monitored. Criteria exist for equipment
qualification, redundancy, power sources, channel availability, quality usurance, display and
recording, range, equipment identification, interfaces, servicing, testing avi calibration, human

'
,

factors and direct measurement. The actual variables to be monitored for e pressurized water
reactor are tabulated in the guide by type and the instrumentation design and qualification
requirement cat Jory (1, 2 or 3) is identified for each variable.

.

Resolution ,

>

The System 80+ Standard Design provides bypassed or inoperable status indication for the Reactor
Protective System (RPS), Engineered Safety Features Actuation System (ESFAS), the systems they |O control and their auxiliaries or support systems. The method of conformance is summarized in Section i

7,1.2.21, and is consistent with the guidance of Regulatory Guide 1.47. Additionalinformation regarding ;

RPS operating bypasses and trip channel bypasses is provided in Section 7.2.1.1.5. The monitoring of
inoperable status of ESF components and ESFAS bypasses is described in Section 7.3.1.1.1. The status r

'

of bypasses is indicated in the control room on the Plant Protection System (PPS) operator's module and
on appropriate alarms in the Data Processing System (DPS) and Discrete Indication and Alarm System
(DIAS). Inoperability of ESF systems is indicated at the Safety Monitoring Panel on a dedicated ESF
Monitoring Section and through the DPS. Manual entry capability exists for entry of uninstrumented
conditions that affect the availability or performance of a safety system (e.g., manual valve status,
maintenance activities). This is fully described in Section 18.7.1.8.2.

System 80+ provides Post-Accident Monitoring Instrumentation (PAMI) in accordance with Regulatory
Guide 1.97. Indication is provided in the control room by three methods. A dedicated DIAS-channel
P provides continuous display of Category I parameters (i.e., variables that require instrumentation with
Category 1 design and qualification) on the Safety Monitoring Panel. In addition, DIAS-channel N
displays Categories 1,2 and 3 parameters on the control room panels for both normal and post-accident
operator use. These indicators validate normal parameter outputs against the PAMI channels to allow
operators to use familiar information displays during accident situations. Both DIAS N and P equipment
are seismically qualified and isolated fron, each other. The third method of obtaining post-accident
information is through the DPS cathode-ray tubes (CRTs), which provide all Regulatory Guide 1.97
parameters. More details and a list of PAMI parameters are provided in Section 7.5.1.~.5 on System
80+ post-accident monitoring. Section 18.7.1.8 discusses the integration of safety-related information,
including PAMI parameters, into the control room for optimum human performance.

|
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The System 80+ Control Room meets the guidance identified in Regulatory Guides 1.47 and 1.97 for
improved plant status indication and post-accident monitoring instrumentation as described above.
Therefore, this issue i resolved for the System 80+ Standard Design.

References

1. NUREG-0660, "NRC Action Plan Developed as a Result of the TMI-2 Accident," U.S. Nuclear
Regulatory Commission, May 1980.

2. Regulatory Guide 1.47, " Bypassed and Inoperable Status Indication for Nuclear Power Plant Safety
Systems," U.S. Nuclear Regulatory Commission, May 1973.

3. Regulatory Guide 1.97, Rev.3, " Instrumentation for Light Water Cooled Nuclear Power Plants to
Assess Plant Environs Conditions During and Following an Accident," U.S. Nuclear Regulatory
Commission, May 1983.

20.2.% Improved Control Room Instrumentation - On-Line Reactor Surveillance System

Issue

Generic Safety Issue I.D.5 (3) addresses the benefit to plant safety and operations of continuous on-line
automated surveillance systems.

Continuous on-line surveillance systems which automatically monitor reactors can benefit plant operations
and safety by providing diagnostic information which can predict anomalous behavior and thus be used
to maintain safe conditions.

Various methods of on-line reactor surveillance have been used, including neutron noise monitoring in
boiling water reactors (BWRs) to detect internals vibration, and pressure noise surveillance at TMI-2 to
monitor primary loop degasification. On-line surveillance data has been used in the assessment of loose
thermal shields.

Acceptance Criteda

Continuous on-line surveillance of the Nuclear Steam Supply System (NSSS) involves a number of areas
for which acceptance criteria are separately defined:

1. Vibration monitoring of reactor internals,

2. Reactor coolant pressure boundary leakage detection, and

3. Loose parts monitoring.

The acceptance criteria for the resolution of GSI I.D.5 (3) for internals vibration monitoring are provided
in ANSI /ASME OM-5-1981, (Reference 1). This standard provides non-mandatory recommendations
on the use of ex-core neutron detector signals for monitoring of core barrel axial preload loss. This
standard also documents a program containing baseline, surveillance and diagnostic phases and provides
recommendations for data acquisition frequency and analysis.
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(~) The acceptance criteria for leak monitoring are provided by Regulatory Guide 1.45 (Reference 2). This

guide documents acceptable methods for leakage separation, leakage detection, detector sensitivity and
response time, signal calibration and seismic qualification of pressure boundary leakage detection systems.
It also defines the regulatory position for acceptable design of these systems.

The acceptance criteria for loose pa ts monitoring (loose pan detection in the primary system of LWRs)
are provided by Regulatory Guide 1.133 (Reference 3). This Regulatory Guide provides guidelines on
system characteristics such as sensitivitf. channel separation, data acquisition, and seismic and
environmental conditions for operability. It also identifies alert levels, data acquisition modes, safety
analysis reports and technical specifications pertaining to a loose parts monitoring system.

Resolution

The System 80+ Standard Design incorporates a NSSS Integrity Monitoring System, which is a system
that detects deterioration of the NSSS pressure boundary. A description of this system is documented in
Section 7.7.1.6. The system has three subsystems: the Internals Vibration Monitoring System (IVMS),
the Acoustic Leak Monitoring Sym m (ALMS), and the Loose Parts Monitoring System (LPMS).

The IVMS is a monitoring system which generates data allowing detection of the motion of reactor
internals. It uses linear summed detector signals from each of the ex-core neutron flux channels. The
IVMS also has the capability to perform the analyses recommended by ANSI /ASME OM-5-1981. The
system function, theory of operation and description are provided in Section 7.7.1.6.1. [A related generic
safety issue (GSI C-12) also addresses the IVMS.]

/G !

() The ALMS detects leaks at specific locations or within specific components in the prima y :oolant |
system. This system uses accelerometers to detect the presence of a primary leak. The system follows, I

in part, the guidance identified in Regulatory Guide 1.45, as discussed in Section 7.1.2.20. The system !

functions, theory of operation and description are given in Section 7.7.1.6.2. Other leak detection |
methods employed in the System 80+ Standard Design are discussed in Section 5.2.5. )

1

I
The LPMS detects the presence of loose parts within the primary pressure boundary and provides
diagnostic information relating to detected loose parts. The system is designed consistent with guidance
provided in Regulatory Guide 1.133 (Reference 3). The LPMS function, theory of operation, and system
description are provided in Section 7.7.1.6.3. [A related generic safety issue (GS1 B-60) also addresses

the LPMS.]

In summary, the NSSS Integrity Monitoring System as described above meets the guidance of the !

applicable Regulatory Guides and the requirements of the applicable codes and standards. Thus, this issue
is resolved for the System 80+ Standard Design.

References I
l
'

1. ANSI /ASME OM-5, " Inservice Monitoring of Core Support Barrel Axial Preload in Pressurized
Water Reactors." November 1981.

2. Regulatory Guide 1.45, " Reactor Coolant Pressure Boundary Leakage Detection Systems," U.S.
Nuclear Regulatory Commission, May 1973.

V 3. Regulatory Guide 1.133, Rev.1, " Loose Pan Detection Program for the Primary System of Light-
Water Cooled Reactors," U.S. Nuclear Regmatory Commission, May 1981.
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20.2.97 Improved Control Room Instrumentation - Process Monitoring Instrumentation

Issue

Generic Safety issue I.D.5 (4) addresses the benefit to plant safety and operations of improved
measurement of certain reactor parameters (e.g., reactor vessel water level and relief valve ficw), and
parameters outside of their normal operating range.

A need to improve process monitoring instrumentation was identified because of the TMI-2 Accidmt.
This need resulted in the development of new and improved monitoring systems such as inadequate are
cooling instrumentation, extended range post accident monitoring of certain reactor parameters, reactor
level monitoring systems and, monitoring systems for the detection of primary pressure boundary leakage.

Acceptance Criteria

The acceptance criteria for the resolution of GSI 1.D.5 (4) for improving process instrumentation are
provided by NUREG-0660 and NUREG-0737 (References 1, 2). hem II.F.2 of NUREG4737 provides
guidance for the design of instrumentation for detection of inadequate core cooling (ICC). Item II.D.3
of NUREG-0737 provides guidance on direct indication of relief and safety valve position.

The acceptance criteria for the extended range sensors are provided by Regulatory Guide 1.97 (Reference
3) in a tabulation of acceptable ranges for post-accident monitoring instrumentation (PAMI).

Resolution

The System 80+ Standard Design incorporates improved process monitoring instrumentation which
includes ICC monitoring instrumentation. The design, which meets the intent of NUREG-0737 Item
II.F.2, monitors ICC conditions through a combination of resistance temperature detectors (RTDs),
pressurizer pressure sensors, and reactor vessel level monitors that use integral heated junction
thermocouples (1UTCs) and core exit thermocouples. Sensor information is processed through algorithms
to indicate loss of subcooling, occurrence of saturation and achievement of subcooling conditions
following core recovery. The reactor vessel level monitors indicate decreasing liquid inventory in the
reactor vessel and the core exit thermocouples indicate steam temperatures associated with ICC
conditions.

ICC monitoring information is provided to the operator through the Discrete Indication and Alarm System
(DIAS) Channel N and the Data Processing System (DPS) displays in the main control room. A complete
description of the inadequate core cooling monitoring instrumentation is provided in Sections 7.5.1.1.7
and 7.7.1.1.8.

Extended range sensors have also been incorporated into the System 80+ Standard Design for post-
accident monitoring. The ranges of instrumentation provided are consistent with the guidance given in
Regulatory Guide 1.97. Section 7.5.1.1.5 describes the post-accident monitoring instmmentation |
provided, and Table 7.5-3 lists the PAMI channels and their ranges. Analysis of the post-accident i

monitoring instrumentation is given in Section 7.5.2.5. |
|

Monitoring of reactor coolant system (RCS) safety valve leakage is provided by in-line RTDs upstream i

of the safety valve header. Positive indication of safety valve leakage consistent with the guidance of

I

AMrowd Design Statoriel- Resokten of Safety issues Page 20.2-140



Srtem 80 + Design ControlDocument

-,

[V) NUREG-0737 Item II.D.3 is providA by the Acoustic I.caA Monitoring System (ALMS) through accelero
meters mounted downstream of each valve. Control room alarms are actuated if valves are not fully
closed. Monitoring of safety valves is discussed in Section 5.2.5.1.2.1.

The process monitoring design includes instrumentation for the detection of inadequate core cooling, ;

reactor vessel level monitoring, extended range sensors for post-accident monitoring and monitoring of
safety valve leakage. The design is consistent with the guidance given in NUREG-0660, NUREG-0737,
and Regulatory Guide 1.97, and, therefore, this issue is resolved for the System 80+ Standard Design.

References

1. NUREG-0660, *NRC Action Plan Developed as a Result of the TMI-2 Accident," U.S. Nuclear
Regulatory Commission, May 1980.

2. NUREG-0737, " Clarification of TMI Action Plan Requirements," U.S. Nuclear Regulatory
Commission, November 1980.

3. Regulatory Guide 1.97, Rev. 3, " Instrumentation for LWR Nuclear Power Plants to Assess Plant ,

and Environs Conditions During and Following an Accident," U.S. Nuclear Regulatory
Commission, May 1983.

20.2.98 Expand QA List

Issue

TMI Action Plan issue I.F.1 identified that "...several systems important to the safety of TMI were not )
m

designed, fabricated, and maintained at a level equivalent to their safety importance. They were not on
the Quality Assurance (QA) List for the plant. This condition exists at other plants and results primarily
from the lack of clarity in NRC guidance on graded protection...One of the difficulties in establishing
a QA list based on safety importance is the absence of relative risk assignments to equipment."

Acceptance Criteria

The TMI Action Plan stated that "...NRC will develop guidance for licensees to expand their QA lists
to cover equipment important to safety and rank the equipment in order of its importance to safety. ;

Experience in use of the revised NRR review procedure for developing QA lists for individual operating
license applicants will also be factored into the generic guidance to be developed and when determining
backfit requirements..." At the time this issue was identified, there was a task underway to define the
applicability of 10 CFR 50, Appendix B, to 10 CFR 50, Appendix A, required equipment.

Resolution

For System 80+ the eltssification of structures, systems, and components is provided in Table 3.2-1 ;

including their safety, seismic, and quality class designations. This issue is, therefore, resolved for the
System 80+ design.

jq
f )
'v/

|

I
I
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20.2.99 Develop More Detailed QA Criteria

Issue

TMI Action Plan item I.F.2 identified that "several systems imponant to the safety of TMI-2 were not
designed, fabricated, and maintained at a level equivalent to their safety importance. This condition exists
at other plants and results primarily from the lack of clarity in NRC guidance for graded protection. This
situation and other quality assurance problems relating to the quality assurance organization, auihority,
reporting, and inspection have been identified by the variou", TMI accident investigations and inquiries."

Acceptance Criteria

The overall objective of this issue is the improvement of the QA program for design, constmetion, and
operations to provide greater assurance that plant design, construction, and operational activities are
conducted in a manner commensurate with their importance to safety.

Resolt&n

The QA program for the System 80+ was approved during NRC's review of Section 17.1. This issue
is, therefore, resolved for the System 80+ design.

20.2.100 Scope of Pre-operational and Low-Power Test Program

Issue

The major thrust of TMI Action Plan Task I.G. was to use the pre-operational and startup test programs
as a training exercise for the operating crews. In contrast to this, item I.G.2 called for a more
comprehensive test program to search for anomalies in a plant's response to a transient. This issue was
suggested independently by the Kemeny Commission, the Rogovin Commission, the ACRS, and the TMI
Operations Team.

The safety significance of this issue lies in the early discovery of anomalies or unanticipated plant
behavior. The TMI-2 accident is the most well-known example, but other less severe examples, such as
the core-annulus water level decoupling at Oyster Creek, have taken place.

When a plant responds to a transient in an anomalous or unanticipated marmer, the result may be an
accident caused directly by the new phenomena, or by the surprise or confusion on the part of the
operators. The latter is probably the more likely of the two.

Acceptance Criteria

The nature of the solution to this issue is implicit in its definition - an augmented test program.
Ilowever, relatively little has been written concerning the nature and extent of this program. NUREG-
0660 merely called for the NRC to develop a program. Reconunendations made by an NRC team
investigating TMI-2 are more specific: detailed review of all unscheduled transients during the first year
as well as review of the pre-operational and startup tests.

O
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(x
(V) In actual fact, there is a spectrum of possible test programs ranging from the current program to

programs which would take years. Moreover, it may well not be necessary for each plant to perform
each test. In addition, there is a large amount of data from operating experience which could supply
information.

Resolution

System 80+ equipment and structures have been carefully arranged into four mechanical quadrants and
two electrical divisions to eliminate all known adverse systems interactions. Morsover, the startup test
program (Chapter 14) is based on applicable experience as well as evaluation of new systems (e.g., the
Safety Depressurization and Cavity Flood Systems). This issue is, therefore, resolved for the System
80+ design.

20.2.101 Rractor Coolant System Vents

Issue

Generic Safety issue II.B.1 addresses the requirements in 10 CFR 50 and NUREG-0737 (References 1,
2) to install reactor coolant system (RCS) and reactor vessel high point vents.

After the TMI accident the NRC determined that there was a need for vents in the high points of the i

reactor coolant system and reactor vessel. The purpose of these vents is to release non-condensible gar,es
from the RCS which may inhibit core cooling during natural circulation. Since the vents are part of the

p reactor coolant pressure boundary, the design of the vents must conform to the requirements of 10 CFR

C/ 50 Appendix A.

In addition, the NRC determined that the vents should not cause an unacceptable increase in the
probability of a loss-of-coolant accident (LOCA), should not challenge containment integrity, and should
be designed with sufficient redundancy to assure a low probability of inadvertent or irreversible actuation.

Acceptance Criteria

The acceptance criterion for the resolution of GSI II.B.1 is that plants shall install reactor coolant system
and reactor vessel high point vent systems. These systems shall meet the requirements of 10 CFR 50.34
(f)(2)(vi),10 CFR 50, Appendix A, and the intent of guidance identified in NUREG-0737. In addition,
the system (s), shall meet the applicable codes and standards for the RCS pressure boundary.

Specifically, the RCS and reactor vessel vent systems shall incorporate such design features as high point
venting of the RCS and reactor vessel, remote control room operation, positive valve indication (located
in the control room) and environmentally and seismically qualified equipment.

Also, the vents should not cause an unacceptable increase in the probability of a LOCA, should not
challenge containment integrity, and should be designed with sufficient redundancy to assure a low
probability of inadvertent or irreversible actuation.

Resolution

O The System 80+ Standard Design includes a Safety Depressurization System (SDS) which performs the(b Reactor Coolant Gas Vent (RCGV) function to meet the above requirements.
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l

The RCGV function provides a safety-related means of venting remotely fron, the control room, non-
condensible gases from the reactor vessel upper head and the pressurizer steam space during post-accident I

conditions (see Section 6.7.1.2.1). Positive indication of vent isolation valve position is displayed in the
comrol room (see Section 7.5, Table 7.5-2).

The RCGV function design assures that the vents will not cause an unacceptable increase in the
probability of a loss-of-coolant accident and should not challenge containment integrity. This is
accomplished by the installation of two normally closed valves in series, powered from different Class
IE buses, in each vent line (see Section 6.7). In addition, the possibility of inadvertent actuation is
minimized because the operator must manually actuate the vent valves from the control room. A
complete description of the operation of the RCGV function of the SDS is identified in Section 6.7.2.1.1.

Finally, the RCGV function design is seismically and environmentally qualified for the expected
conditions as described in Section 6.7.1.2.1. Also, the RCGV function design complies with the codes
and standards which apply to a system that is part of the reactor coolant pressure boundary.

In summary, the RCGV function of the SDS fulfills the applicable requirements of 10 CFR 50, the
guidance identified in NUREG-0737, and the applicable industry codes and standards. Therefore, this
issue is resolved for the System 80+ Standard Design.

References

1. 10 CFR 50, Code of Federal Regulations.

2. NUREG 0737, " Clarification of TMI Action Plan Requirements," U.S. Nuclear Regulatory
Commission November 1980.

20.2.102 Plant Shielding to Provide Post-Accident Access to Vital Areas

issue

Generic Safety Issue II.B.2 addresses the need to ensure that areas which require post-accident personnel
accecs or contain safety related equipment are adequately shielded in the vicinity of systems which may
contain highly radioactive materials as a result of the accident.

Item II.B.2 of NUREG-0737 (Reference 1) clarified the requirement for the resolution of this issue as
the performance of a radiation and shielding design review of the plant to verify that all areas which
personnel need to occupy to mitigate the consequences of and recover from a design basis accident are
shielded sufficiently. Calculated total individual radiation doses are limited to less than 5 rem in
accordance with GDC 19 (Reference 2) and dose rates in areas requiring continuous occupancy to less
than 15 mrem /hr. The review must include verification that radiation analyses both for shielding design
and environmental qualification of safety related equipment are based on the appropriate source terms and
distribution of noble gases, iodine, and particulates.

Acceptance Criteria

The acceptance criterion for the resolution of GSI II.B.2 is that a radiation and shielding design review
shall be performed in accordance with the requirements of item II.B.2 of NUREG-0737 and include
verification of the following:
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(g) Source terms for pressurized water reactors used in radiation analyses for shielding design are as*

a minimum equivalent to source terms recommended in Regulatory Guides 1.4 and 1.7, and SRP"'

Section 15.6.5 (References 3,4, 5) and effects of noble gases, iodine, and particulates are taken
into account in accordance with Part 1 of Item II.B.2.

Systems assumed in post-accident radiation analysis to be operating and containing high levels of*

radiation are identified.

Plant areas requiring post-accident occupation (" vital areas"), and the duration of occupation, are*

identified.

Calculated individual personnel radiation doses and average dose rates in vital areas requiring*

continuous occupation are less than 5 rem (GDC 19) and 15 mrem /hr, respectively.

* Projected dose rate maps for potentially occupied areas are provided.

* The calculated radiation source terms to determine environmental qualification of safety related
equipment consider the effects of noble gases, iodine, and particulates in accordance with Part (4)
of Item II.B.2, depending on location.

Resolution

A radiation and shielding design review of the System 80+ Standard Design in accordance with Item
,o II.B.2 of NUREG-0737 will be performed during the detailed design phase of the plant.
t s
V

General design conditions to keep post-accident exposures as low as reasonably achievable (ALARA) are
addressed in Section 12.3.1.2. |

Post-accident radiation sources are addressed in Section 12.2.3, including identification of the systems
assumed to be in operation during the accident with high levels of radiation and containing noble gases, l

iodine and particulates as specified in Part (1) of Item II.B.2. These systems include Annulus Ventilation,
Safety Injection, Containment Spray, Shutdown Cooling, Post-Accident Sampling, Hydrogen
Recombiners, and Subsphere Ventilation. Source terms are in accordance with Regulatory Guides 1.4
and 1.7, and meet the intent of SRP 15.6.5 Revision 1.

Vital areas for post-accident personnel access are addressed in Section 12.3.1.3, including the provision
of zone maps showing projected dose rates in these areas. Dose rates together with projected occupation
times result in total individual exposures in conformance with the requirements of GDC 19. Dose rates
averaged over a 30< lay period in areas requiring continuous occupancy, such as the main control room,
are less than 15 mrem /hr. Other vital access areas include the technical support center, hydrogen
monitor /recombiner areas, sampling centers, and sample analysis areas.

Environmental qualification of safety related equipment is addressed in Section 3.11. Determination of
radiation environment during a design basis accident considers the requirements of Pans I and 4 of Item
II.B.2.

'a summary, the radiation and shielding design review of the System 80+ Standard Design will verify.

(] that the shielding of areas requiring personnel access during and after a design basis accident, and the
V environmental qualification of safety equipment for radiation due to the accident. m in accordance with

Item II B.2 of NUREG-0737 and this issue is therefore re,olved.
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References

1. NUREG-0737, " Clarification of TMI Action Plan Requirements," U.S. Nuclear Regulatory
Commission, November 1980.

2. 10 CFR 50 Appendix A, " General Design Criteria," Code of Federal Regulations.

3. Regulatory Guide 1.4, Revision 2, " Assumptions Used for Evaluating the Potential Radiological
Consequences of a Loss-of-Coolant Accident for Pressurized Water Reactors," U.S. Regulatory
Commission, June 1974.

4. Regulatory Guide 1.7, Revision 2, " Control of Combustible Gas Concentrations in Containment
Following a Loss-of-Coolant Accident," U.S. Regulatory Commission, November 1978.

5. NUREG-0800, " Standard Plan for Review of Safety Analysis Reports for Nuclear Power Plants -
i

- LWR Edition," U.S. Nuclear Regulatory Commission.

20.2.103 Post-Accident Sampling System

1

i Issue

Generic Safety issue II.B.3 addresses the TMI requirements of 10 CFR 50.34(f) and guidance identified
in NUREG-0737 (References 1, 2). Basically, plants must install a post-accident sampling system to
sample reactor coolant and containment atmosphere.

After the Three Mile Island accident the NRC determined there was a need for improved post-accident
reactor coolant and containment atmosphere sampling. This determination was made because the TMI
accident demonstrated that existing sampling system designs were inadequate for post-accident conditions
(e.g., insufficient instrumentation and instrument ranges, inadequate plant shielding, difficulty in obtaining
and processing samples). The purpose of the improved post-accident sampling requirements is to ensure
the provision of a remote, rapid, and safe means to obtain potentially highly radioactive samples of both
the reactor coolant and containment atmosphere after an accident. These samples might then be used to
assist plant operators in assessing the degree of core damage, and determining the level of contamination
in the containment.

NRC guidance was established in NUREG-0737 to assist nuclear power plant licensees in developing
improved post-accident sampling capabilities for reactor coolant and containment atmosphere, with
additional clarification provided by the Staff Requitements Memorandum of July 21,1993 on
SECY-93-087 (Reference 3).

Acceptance Criteria

The acceptance criterion for the resolution of GSI ILB.3 is that plants sha!! modify present reactor coolant
and containment atmosphere sampling systems or install new systems to satisfy the applicable post-
accident requirements of 10 CFR 50.34(f), and implement the guidance identified in NUREG-0737 and
the Staff Requirements Memorandum of July 21,1993 on SECY-93-087.

The reactor coolant and containment atmosphere sampling systems used for post-accident sampling
conditions shall permit sampling of the reactor coolant and containment atmosphere without personnel

l'
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() exceeding their individual dose limits. The systems shall permit analyses for radioactive noble gases,
iodine, cesium and nonvolatile isotopes, and also reactor coolant boron and total dissolved gas'~'

concentratim

Resolution

The System 80+ Standard Design includes the Process Sampling System (see Section 9.3.2) which is
designed to collect representative samples of liquids and gases in various process systems and deliver
them to sample stations for chemical and radiological analyses.

The system permits sampling during reactor operation, cooldown, and post-accident conditions without
requiring access to the containment. Remote samples can be taken of fluids in high radiation areas
without requiring access to these areas, thus permitting personnel to remain within their radiation
exposure limits. The sampling system performs no safety function (See Section 9.3.2.1).

The Process Sampling System design meets the performance criteria described below and further
discussed in Section 9.3.2.1.1:

The design meets the intent of guidance in Section II.B.3 of NUREG-G~.37, and applicable sections*

of Regulatory Guide 1.97, and the requirements of the Staff Requirements Memorandum on
<

SECY-93-087. In particular, the system is designed to obtain reactor coolant samples for boron
concentration and total dissolved gas measurements at 8 hours and 24 hours, respectively, after
an accident. Reactor coolant and containment atmosphere samples for radiological measurements

[_} can be obtained at 24 'aours after an accident. i

|G
The design integrates both normal and accident sampling functions, enhancing operator system*

familiarity and shortening sample times.

Periodic functional testing capability is provided to assure system availability and operator*

familiarity during an accident.

* The design permits liquid and gaseous sample dilution.

Collection and dilution of post-accident samples are performed remotely to the maximum extent*

feasible.

Grab samples are used for laboramry analyses and on-line monitors are used for trends.*

Remotely operated valves are powered by assured supplies and have reset features to permit*

operation after containment isolation. In addition, valves located in a potential post-accident
environment are environmentally qualified c assure operability.

Two different, non-class IE, power sources (one from each Permanent Non-Safety-Related Bus*

X and Y) are available for post-accident sampling. During a loss of offsite power, an alternate
power supply is available to meet the time requirements for post-accident sampling and analysis
specified in the Staff Requirements Memorandum of July 21,1993 on SECY-93-087.

1

(mj The boron sampling system is available in the event of fire.*
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The configuration of the sampling system is such tha , under post-accident conditions, samples of
containment liquids and the containment atmosphere are transported to a convenient location for remote
grab sampling. (See Section 9.3.2.2.1).

In summary, the Process Sampling System fulfills the applicable requirements of 10 CFR 50.34 (f) and
meets the guidance ideatified in NUREG-0737 and the Staff Requirements Memorandum of July 21,
1993. Therefore, this issue is resclved for the System 80+ Standard Design.

References

1, 10 CFR 50, Code of Federal Regulations.

2. NUREG 0737, " Clarification of TMI Action Plan Requirements," U.S. Nuclear Regulatory
Commission, November 1980.

3. Staff Requirements Memorandum on SECY-93-087, dated July 21,1993.

20.2.104 Rulemaking Proceeding on Degraded Core Accidents

Issue

This Generic Safety issue, item II.B 8, envisioned both a short-term and a long-term rulemaking to
establish policy, goals, and requirements to address accidents resulting in core damage greater than the
present design basis. In the past, safety reviews concentrated on how to prevent a core from being
damaged. Consequently.1ittle attention was given to how a severely damaged core could be dealt with
after damage occurred. Other subtasks within Task II.B were concerned with the study of the
characteristics of degraded and melted cores (research programs) plus some immediate actions to be taken

at plants in operation.
!

Item il.B.8 included an Advance Notice of Proposed Rulemaking and Interim Rule. The Advance Notice
was issued on December 2,1980 (45 FR 65474). The Interim Rule was issued in two parts: the first
was issued in effective form in October, 1981 (46 FR 58484) and the second was issued as a proposed
rule on December 23,1981 (46 FR 62281).

Acceptance Criteria
1

Analyze degraded core conditions and mitigation capabilities consistent with NRC guidance in
SECY 93-087.

Resoluttan

Analysis of degraded core conditions and the capt.bility of System 80+ to mitigate those conditions is |

provided in Chapter 19. This issue is, therefore, resolved for the System 80+ Standard Design. |

20.2.105 Reliability Engineering

issue

O, 1
Generic Safety issue II.C.4 addresses the need for a designer and owner-operator developed reliability |

program which can evaluate plant safety and reliability. |

l
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Industry (including plant designers and owner-operators) and the NRC are concerned about designing and
.-

\ operating nuclear power plants safely and reliably. Before the advent of Probabilistic Risk Assessment
(PRA) it was difficult to systematically assess plant safety and reliability. Therefore, both industry and

;
regulators consider PRA, as part of a comprehensive reliability program, to be desirable for future plants.
The NRC has placed an emphasis on PRA for future plants by including it in the Srmhrdization Rule"

(10 CFR 52).
:

Plant. designers employ a PRA for new plants to identify contributors to severe accident risk, and the i

accident sequences which are significant. The industry goals for new plant designs include a core damage |
. frequency no greater than lx10-5per year. PRA also provides an analytical tool for evaluating the impact

]of design modifications on core damage probability and the overall risk to the health and safety of the i

public. The PRA determines expected system and component availabilities. The plant designer's PRA is,

a useful tool that can be used by the owner-operator as a basis for a reliability program.

. According to NUREG-0933, a reliability program generally includes activities such as determining system
availabilities, identifying high component failure rates, determining the causes for component failures, i

,

j . and identifying possible corrective actions. '

!
Acceptance C" iter 11a ).

I
The acceptance criterion for tiic resolution of GSI II.C.4, is that plant designers or owner-operators shall

'

perform a PRA. Consistent with the Standardization Rule (10 CFR 52), the assumptions and results of
; the PRA must be appropriately addressed in an owner-operator reliability program which incorporates

such features as determining system availabilities, identifying high component failure rates, determining
'

basic causes for component failures, and identifying possible corrective actions.'

1

Resolution,
.

'
As shown in Chapter 19, a PRA has been performed for the System 80+ Standard Design and meets the
mean core damage frequency goal of less than lx10-5 events per year.

The System 80+ Standard Design PRA has two primary purposes. The first purpose, is to identify the
'

i dominant contributors to severe accident risk. The second purpose is to provide an analytical tool for
evaluating the impact of design mMifications on core damage probability and the overall risk to the health
and safety of the public. This infonnation is then used as input to the owner-operator reliability assurance
program.

'

in particular, the determination of core damage frequency attributable :o eternal events (e.g., LOCAs
and Loss Of Offsite Power) used the standard small-event-tree /large-fault-treo methodology, with full fault
tree linking used for the solution of core damage event sequences. Extemal events such as tornadoes and

: . earthquakes are also addressed in the PRA. The evaluation of the containment performance employed
methodologies consistent with NUREG-II5O (Reference 1). The detennination of public risk was based
on a cakulation of the radiological dose at one-half mile from the plant using bounding site characteristics
supplied by EPRI. The methodology employed was consistent with the methodology described in
NUREG 2300 (Reference 2). The results of this PRA show that the System 80+ Standard Design plant
meets the industry goal of a mean severe core damage frequency of less than lx10-5 per reactor year and
a mean frequency for occurrence of doses greater than 25 REM beyond one-half mile radius from the

4reactor of less than Ix10 events per reactor year.
t

1
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[[A Design Reliability Assurance Program ensures that PRA assumptions and basic results are provided
as input to the owner's operations reliability assurance process (see Section 17.3).

In summary, a PRA has been performed for the System 80+ Standard Design and meets the requirements
i of the Standardization Rule, (10 CFR 52). Requiring the owner-operator to implement an operability

assurance program is intended to ensure that the PRA remains valid during plant operation. Therefore,
| this issue is resolved for the System 80+ Standard Design. [ COL Item 17-3]]]3

References

1. NUREG-1150, " Reactor Risk Reference Document," U.S. Nuclear Regulatory Commission,
January 1987.

2. NUREG-2300, "PRA Procedures Guide," U.S. Nuclear Regulatory Commission, January 1983.

20.2.106 Performance Testing of PWR Safety and Relief Valves

Issue

Generic Safety Issue II.D.1 addresses the guidance identified in NUREG-0737 (Reference 1) for
qualification testing to be performed on the block, relief, and safety valves of the Reactor Coolant System
(RCS).

After the TMI accident, the NRC determined that there was a need for performance testing of the RCS
block, relief, and safety valves. This determination was made because the TM1 accident demonstrated
that these RCS valves may not operate as expected. The NRC established new guidance in NUREG-0737
which addresses the qualification testing of these valves. Qualification testing of these valves includes
testing based upon both normal and accident conditions.

Acceptance Criteria

The acceptance criterion for the resolution of GSI II.D.1 is that the qualification testing for the RCS
block, relief, and safety valves must be performed in accordance with the guidance identified in
NUREG4)737 and with ASME B&PV code, Section Ill. The performance testing shall include both
normal and off-normal (accident) conditions. Furthermore, the accident conditions shall be established
using the applicable design basis events, including Anticipated Transients Without Scram (ATWS).

Resolution

The System 80+ Standard Design utilizes the pressurizer safety valves to protect the RCS from
overpressurization as required by the ASME B&PV code, Section III (see Section 5.4.13.4.1).

The inlet and outlet portions of the valves are hydrostatically tested with water at the appropriate
pressures required by the applicable section of the ASME code. Set pressure and seat leakage tests are
performed with steam using a pro-rated spring. Final set pressure tests are conducted using the final
design springs with either high pressure steam or low pressure steam and an assist device.

O
! COL information item; see DCD Introduction Section 3.2.
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Tests performed prior to shipment test seat leakage, use the final design springs and either hot air or hota
A nitrogen. Valve adjustment is made to a valve ring setting combination to provide stable valve operation

using the EPRI Safety Valve Test Program results documented in CEN-227 (Reference 2). ' This valve
test program was based upon the guidance established in NUREG-0737. The System 80+ Standud
Design does not use power operated relief valves (PORV's) and the requirements and guidance regarding
these valves do not therefore apply. [As described in Section 6.7, the System 80+ Standard Design
includes safety-related isolation. valves, manually actuated from the control room, to provide
depressurization capability.]

NUREG-0737 specifies that applicable design basis events including ATWS are to be considered in
developing performance testing conditions. The System 80+ Standard Design employs an independent
and diverse control-grade reactor trip and turbine trip specifically designed to address the prevention of
ATWS events (see Section 7.7.1.1.11). This Alternate Protection System (APS) augments the Reactor
Protective System for ATWS (see USI A-09 for the resolution to ATWS). The APS includes an Alternate
Reactor Trip Signal (ARTS) which is separate and diverse from the Plant Protection System. The ARTS
equipment provides a simple, yet diverse mechanism to significantly decrease the possibility of an ATWS.
Therefore, there are no special relief valves for the mitigation of ATWS and the corresponding test
requirements for GSI II.D.1 do not apply to the System 80+ Standard Design.

Since the testing for pressurizer safety valves conforms to the guidance given in NUREG-0737 and since
testing requirements on PORV, associated block valves, and ATWS events do not apply, this issue is
resolved for the System 80+ Standard Design.

References

1. NUREG-0737, " Clarification of TMI Action Plan Requirements," U.S. Nuclear Regulatory
Commission, November 1980,

2. CEN-227, " Summary Report on the Operability of Pressurizer Safety Relief Valves in CE
Designed Plants," Combustion Engineering, Inc, December 1982.

3. Regulatory Guide 1.97, Rev. 3, " Instrumentation For Light-Water-Cooled Nuclear Power Plants
To Assess Plant And Envirms Conditions During And Following An Accident," U.S. Nuclear |

Regulatory Commission, May 1983.

20.2.107 Dimet Indication of Relief and Safety Valve Position

lasue

Generic Safety issue II.D.3 addresses the guidance identified in NUREG-0737 (Reference 1) for the
provision of a positive indication in the control room of relief and/or safety valve position or a reliable
indication of flow in the associated discharge piping.

After the TMI-2 accident, the NRC determined that there was a need for direct indication of relief and
safety valve position in the control room. ' This determination was made because the TMI accident
demonstrated that, during an accident, these valves may not operate as expected and that the safety and
relief valve instrumentation may fail to provide the operator with sufficient information concerning the
status of these valves. Therefore, the NRC established new guidance in NUREG-0737 which addresses
the installation of improved safety and relief valve indication in the control room to enhance the
operator's ability to diagnose a safety and relief valve failure and/or incorrect position.
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Acceptance Criteria

The acceptance criterion for the resolution of GSI II.D.3 is that the plant design shall include safety and
relief valve indication in accordance with the guidance given in NUREG4)737. This indication shall have

the following design features:

Unambiguous safety and relief valve indication shall be provided to the control room operator;*

Valve position should be indicated within the control room and should be alarmed;*

Valve position indication can be either safety or control grade. If it is control grade, it must be*

powered from a reliable (e.g., battery-backed) instmment bus (see Regulatory Guide 1.97,
Reference 2);

Valve position indication should be seismically qualified consistent with the component or system*

to which it is attached:

The valve position indication shall be qualified for the appropriate operating environment which*

includes the expected normal containment environment and an Operating Basis Earthquake; and

The valve position indication shall be human-factors engineered.*

Resolution

The System 80+ Standard Design incorporates four primary safety valves (see Section 5.4.13). Valve
discharge is headered and routed to the In-Containment Refueling Water Storage Tank. These valves are
monitored by three methods which are described in Sections 5.2.5.1.2.1-

4

1

First, positive indication of safety valve position is supplied in the control room by the Acoustic*

Leakage Monitoring System (ALMS).
!

Second, each safety valve is monitored for seat leakage by an in-line Resistance Temperature*

Detector (RTD) which is located upstream of the header for the safety valves. f

Third, safety valve leakage is indirectly monitored from the safety grade pressurizer pressure and I*

level instrumentation system also located in the control room.

The ALMS is part of the NSSS Integrity Monitoring System and is described in Sections 7.7.1.6.1 and
7.7.1.6.2. The function of the ALMS is to detect a leak at specific locations or within specific !

components in the primary system including the primary safety valves. The ALMS provides the control
room operator with a direct and unambiguous method of determining the position (open or closed) of the
pressurizer safety valves as required by NUREG-0737. )

l

The ALMS is composed of sensors (accelerometers) which are installed on the pressurizer safety valve
discharge lines (one per safety valve). Signals from the sensor area are routed to the in-containment
amplifiers. The amplifier output is subsequently directed to the control room. Within the alarm
instrumentation, the signal is compared to a threshold value obtained during startup testing.

|
Alarms are provided as part of the " human engineered" control complex (see Chapter 18) and are ;

included in the plant computer annunciator systems. After passing through the alarm unit, the amplified
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i

; accelerometer signals are multiplexed, filtered, digitized, and transmitted to a computer for further - <

analyses. The computer maintains data storage, performs comparisons, develops trends, and performs
analyses to enhance the signal characteristics. :

l
4

; The ALMS is qualified for the expected normal containment environment. Finally, as identified within i

Regulatory Guide 1.97, the ALMS is supplied with power from non-vital buses X or Y. These buses are !
.

very reliable since they use batteries as a backup power source.

In summary, by providing a direct method for monitoring safety valve position, the ALMS implements :

the guidance identified in NUREG-0737. Therefore, this issue is resolved for the System 80+ Standard
Design.5

References
!

1. NUREG-0737, " Clarification of TMI Action Plan Requirements," U.S. Nuclear Regulatory
;I

Commission, November 1980.
!,

2. Regulatory Guide 1.97, Rev. 3, ' Instrumentation for Light Water Cooled Nuclear Power Plants ,

'

to Assess Plant Environs Conditions During and Following an Accident," May 1983.
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An-h Feedwater Evaluation: 20.2.108 i ,

: Issue ;
;y
|'

Generic Safety Issue II.E.1.1 addresses the TMI-related requirement [10 CFR 50.34(fXI), Reference 1] ,

i that all operating plants and plants under construction re-evaluate their emergency feedwater (EFW) !
'

system designs with respect to reliability and availability.
i

After the TMI-2 accident the NRC reviewed the auxiliary feedwater system for availability and reliability |
'

'
of components and decay heat removal capability. In particular, the EFW system was scrutinized with ;

* - regard to the potential for failure under a variety of loss of main feedwater conditions. The safety i

concern was that a total loss of feedwater, i.e., loss of both main and emergency feedwater, could result |.

in loss of core cooling. The NRC requested operating plants and plants under construction to review both ,

the reliability and the capability of the EFW system to perform its intended safety function i.e., core !
decay heat removal. The evaluation by the plants was divided into three pans as discussed below. l,

.
.

'
Part one consisted of a limited PRA to determine the potential for EFW system failure under various loss-
of-main-feedwater transient conditions, with particular emphasis being placed on determining potential '

failures from human errors, common causes, single-point vulnerabilities, and test and maintenance :
outages. This evaluation applies to operating plants and plants under construction and not to advanced ;

i. or future plants.

4 Part two was composed of a deterministic review of the EFW system using the acceptance criteria of SRP
Section 10.4.9 and the associated Branch Technical Position (BTP) ASB 10-1. Part three required a re- )
evaluation of the decay heat removal capability of the EFW system with respect to EFW system flowrate.

'

Parts two and three apply to advanced or future plants.

T
.

|
|
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Acceptance Criteria

The acceptance criterion for the resolution of GSI II.E.1.1 is that plants using emergency feedwater
systems shall meet the intent of the guidance identified in SRP Section 10.4.9 and BTP ASB 10-1 and
thus meet the requirements of 10 CFR 50 Appendix A (General Design Criteria (GDC)) and 10 CFR

50.34(f)(1).

Specifically, the EFW system shall meet the requirements of GDCs 2,4,5,19,34,44,45 and 46 with
respect to a variety of design criteria.

These design criteria include: the capability of the system to withstand the effects of earthquakes and
missiles; shared systems and components; prompt shutdown of the reactor from the control room; system
decay heat removal capacity considering a main feedwater line break; redundancy; reliability; in-service
inspection; and functional testing.

Resolution

The System 80+ Standard Design incorporates an Emergency Feedwater (EFW) System to provide a
reliable and independent safety-related means of supplying secondary-side, quality feedwater to the steam
generator (s) for removal of heat and prevention of reactor core uncovery during emergency phases of
plant operation. The EFW system is a dedicated safety-related system which is not used during nornul
plant operation (see Section 10.4.9).

The EFW system consists of two separate mechanical trains each aligned to supply its respective steam
generator. Each train consists of a dedicated safety grade storage tank, two EFW pumps (one electric
driven and one steam driven), a cavitating venturi to limit the maximum flow to a faulted steam
generator, and the associated valves and instmmentation (see Section 10.4.9.2.1).

Consistent with its importance to plant safety, the system has design features which meet the requirements
of the GDCs identified in the Acceptance Criteria and SRP Section 10.4.9 (including BTP ASB 10-1).
For example, the EFW system design includes: EFW components that are located in Seismic Category
I structures which protect them from the effects of external missiles; essential components that are
designed to account for the environmental effects of flooding, missiles and earthquakes (components and
piping necessary to perform the EFW system safety function are designed to Seismic Category I
requirements as described in Section 3.7); and _ anual or automatic (ESFAS or APS) initia: ion from them
control room. Section 10.4.9.1.2 provides a comprehensive discussion of the EFW system design
criteria which fully address the GDCs identified in SRP Section 10.4.9. Also, functional and inservice
testing are identified in Section 10.4.9.4.

Emergency Feedwater System reliability is addressed by GSI 124. The response to GSI 124 demonstrates
that the System 80+ Standard Design EFW system fulfills the requirements of component and system
reliability. A complete description of the PRA for the System 80+ Standard Design, including the EFW
system reliability analysis is given in Chapter 19.

Finally, the EFW system is designed to provide decay heat removal capability for 8 hours at hot standby
and then support an orderly cooldown to shutdown cooling system entry, even if the initiating event is
a main feedwater line break (see Section 10.4.9.3).

O
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Since the guidance identified in NUREG-0737 and SRP Section 10.4.9 (including BTP ASB 10-1) is ,

considered and the requirements of 10 CFR 50.34 (f)(1) and 10 CFR 50, Appendix A are fulfilled, this {
issue is resolved for the System 80+ Standard Design. j

i
References ;

1. 10 CFR 50.34(f)(1), " Additional TMI-related Requirements." -
_

2. 10 CFR 50 Appendix A " General Design Criteria."

3. NUREG-0800, Standard Review Plan, Section 10.4.9, Rev. 2, " Auxiliary Feedwater Reliability," :

U.S. Nuclear Regulatory Commission. !

20.2.109 Auxiliary Feedwater Autosnatic Initiation and Flow Indication

|Issue '

Generic Safety Issue II.E.1.2 addresses the TMI requirement for plants to install a control-grade system )
for automatic initiation of the auxiliary feedwater (AFW) system. This requirement can be achieved by |
meeting the criteria identified in IEEE Standard 279-1971 (Reference 1), (e.g., timely system initiation, l

single failure criterion, equipment qualification). I

After the TMI-2 accident, the NRC reviewed auxiliary feedwater system designs with respect to timely
initiation, as described in 10 CFR 50, Appendix A (GDC 20), (Reference 2). Upon completion of the
review, the NRC determined that new guidance identified in NUREG-0737, (Reference 3) was necessary
in order to assure a timely start of the AFW system after a design basis event (e.g., loss of main

|feedwater). Among this new guidance was automatic system initiation, environmental and seismic
equipment qualifica: ion, and single failure criterion.

An NRC review ofIEEE Standard 279 established that the criteria for Class IE or safety-related electrical
equipment described therein are acceptable for the resolution of this safety issue.

1

A<=f- Criteda i

The acceptance criterion for the resolution of GSI II.E.1.2, are that plants employing auxiliary feedwater
systems shall meet the requirements of 10 CFR 50, Appendix A, (GDC 20) by implementing the guidance
identified in NUREG-0737 and the design requirements of IEEE Standard 279-1971 (References 2, 3).

Specifically, the auxiliary feedwater system shall incorporate such design features as automatic system
initiation, protection from single failure, and environmental and seismic equipment qualification.

Resolution

The System 80+ Standard Design utilizes a dedicated emergency feedwater (EFW) system to provide an
independent safety-related means of supplying secondary-side quality feedwaar tc the steam generator (s)
for removal of heat during emergency phases of plant operation. The EFW system has no operating
functions for normal plant operation. (See Section 10.4.9). In addition, the emergency feedwater system

} instrumentation and controls are part of the engineered safety feature (ESP) systems and are subject to
the design bases in Sections 7 3 and 10.4.9. These design bases address the applicable GDC identified

. in 10 CFR 50, Appendix A, including GDC 20.
_
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The EFW system is actuated automatically by an emergency feedwater actuation signal (EFAS) from the
ESF actuation system or by the auxiliary protection system (described in Section 7.7). In addition to this
automatic feature, the EFWS can be manually initiated as described in Section 10.4.9.

The ESF actuation system is composed of redundant trains A, B, C, and D. The instrumentation and
controls of each train are physically and electrically separate and independent. The ESF actuation system
can sustain the loss cf a.n entire train and still provide its required protective action. Specific ESF design
criteria are addressed for environmental and seismic equipment qualification, single failure criterion, and
minimum equipment and system response times.

In summary, the emergency feedwater system, including its integral instrumentation and controls, fulfills
the applicable requirements of 10 CFR 50, Appendix A by meeting the guidance identified in
NUPIG-0737 and the design criteria in IEEE 279-1971. Therefore, this issue is resolved for the System
80+ Standard Design.

References
t

1. IEEE Standard 279-1971, " Criteria for Protection Systems for Nuclear Power Generating
Stations." The Institute of Electronic and Electrical Engineers.

2. 10 CFR 50 Appendix A, " General Design Criteria," Office of the Federal Register, National
Archives and Records Administration.

3. NUREG 0737, "CJarification of TMl Action Plan Requirements," U.S. Nuclear Regulatory
Conunission, November 1980.

20.2.110 Decay Heat Removal- Reliability of Power Supplies for Natural Circulation

Issue

Generic Safety issue II.E.3.1 addresses the need for reliable power supplies to pressurizer heaters to
ensure that natural circulation can be raaintained in the reactor coolant system.

Acceptance Criteria

Specific acceptance criteria for this issue are provided in NUREG-0737 (Reference 1). The pressurizer
heaters are not required for maintenance of natural circulation in the System 80+ reactor coolant system.
Therefore, the criterion for this issue, applicable to System 80 + , is that natural circulation be maintained.

Resolution

The natural circulation evaluation, summarized in Appendix SD, did not credit the use of pressurizer
heaters. Therefore, the use of pressurizer heaters is not required to maintain natural circulation and !

safety-grade power supplies are not required. For conservatism, however, the Backup Pressurizer
Heaters are powered from Class IE (safety grade) buses, as shown in Tables 8.3.1-2 and 8.3.1-3,

References

1. NUREG-0737, " Clarification of TMI Action Plan Requirements," U. S. Nuclear Regulatory
Commission, November 1980.
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n() 20.2.111 Dedicated Hydrogen Penetrations

issue

Generic Safety issue ll.E.4.1 addresses the need to have dedicated containment penetrations for hydrogen
recombiners when they are used for post-accident hydrogen control of the containment atmosphere.

After the TMl accident, the NRC determined that if externally located hydrogen recombiners were to be
relied on to reduce the hydrogen concentration inside the containment building after an accident, it would
be necessary to provide dedicated containment penetrations for this pc iose. Guidance and requirements
for implementing these penetrations were clarified in NUREG-0737 deference 1).

Acceptance Criteria

In accordance with NUREG-0737, the acceptance criterion for the resolution of GSI II.E.4.1 is that when
hydrogen recombiners are used to control the concentration of combustible gases within the containment
building, they shall have dedicated containment penetrations. These dedicated penetrations shall meet the
requirements of 10 CFR 50 Appendix A (GDCs 54 and 56) for isolation dependability.

Further, the dedicated penetrations shall be sized such that the flow requirements for the use of the
hydrogen recombiners shall be satisfied and the design shall be in accordance with the requirements of
10 CFR 50.44.

O Resolution

V
The System 80 + Standard Design incorporates a containment building that includes dedicated penetrations
for two hydrogen recombiners outside containment (See Section 6.2.4). Two penetrations are provided

ifor each recombiner, one for the line withdrawing combustible gas from the containment and one for the
line returning the inerted gas to the containment. These penetrations are designed in accordance with the l

requirements of 10 CFR 50 Appendix A (GDCs 54 and 56).

Specifically, for GDC 54, the lines penetrating the containment are provided with the required isolation
and testing capabilities. Each line has two containment isolation valves in series, and test connections
are provided to allow periodic leak detection tests to be performed.

In accordance with GDC 56, each hydrogen recombiner line has one automatic isolation valve inside j

contairunent (motor operated valve in !!ne leaving containment and check valve in return line) and one !

motor operated isolation valve outside containment (see Table 6.2.4-1). |

In addition, the penetrations are designed and sized for the hydrogen recombiner flows as required by |

10 CFR 50.44 (see Section 6.2.5).
i

Since the System 80+ Standard Design includes dedicated containment penetrations for external
'

recombiners which meet the requirements of 10 CFR 50 Appendix A for containment penetration design ;
I

and isolation and 10 CFR 50.44 for sizing, this issue is resolved.

References,s

/ \
\ ?

U l. NUREG-0737, * Clarification of TMI Action Plan Requirements," U.S. Nuclear Regulatory
Commission, November 1980.
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20.2.112 Contaimnent Design-Isolation Dependability

Issue

Generic Safety Issue ll.E.4.2, addresses the TMI requirements identified in NUREG-0737 (Reference 1),
which references the guidance given in SRP 6.2.4, Rev. 2 (Refetence 2), regarding the need to maintain
containment building isolation integrity throughout the plant design lifetime for both normal (especi@y
refueling and extended maintenance activities) and accident conditions.

The TMI accident demonstrated the continued need for dependable containment isolation after an accident
as well as during startup, shutdown, and normal operation (when systems such as the containment purge
and vent systems are used). There are three areas of concern for isolation of containment building
penetrations, which are: (1) fluid systems piping, (2) instrumentation and controls sensing lines, and (3)
containment building purge and vent system ventilation " ducts". The majority of containment

penetrations are from fluid systems piping. However, there are typically a small number of
instrumentation and control sensing lines and several vent and purge ducts which also penetrate the
containment building.

Acceptance Criteda

The acceptance criterion for the resolution of GSI II.E.4.2 is that the plant design shall conform to the
requirements of NUREG-0737 for the containment isolation system and meet the intent of the overall
guidance identified in SRP Section 6.2.4, Rev. 2. This guidance establishes criteria for the containment
isolation system which encompasses, the fluid systems piping and instmmentation and controls sensing
lines and the containment purge and vent systems. SRP 6.2.4 references specific guidance identified in
Regulatory Guide 1.141 (Reference 3) for fluid system piping, Regulatory Guide 1.11 (Reference 4) for
instrument sensing lines, and BTP CSB 6-4 (Reference 1) for containment purge and vent system ducts,
all of which taken together saticfy GDCs 1,2,4,16, and 54 through 57 described in 10 CFR 50
Appendix A (Reference 5). Regulatory Guide 1.141 further endorses the industry requirements
established in ANSI N271-1976 (Reference 6).

Specifically, implementation of the SRP and other references shall consist of the following:

1. meeting the requirements of GDCs 1, 2, and 4 for the design, fabrication and testing of the
containment isolation system with respect to quality assurance, environmental qualification, seismic
and dynamic effects;

2. meeting the requirements of GDC 16 with respect to maintaining an essentially leak-tight
containment boundary;

3. meeting the requirements of ANSI N271-1976 which satisfies the guidance identified in Regulatory
Guide 1.141 and the requirements of GDCs 54 through 57 for the capability of isolating fluid
systems which penetrate the containment boundary;

4. meeting the intent of the guidance in Regulatory Guide 1.11 for the isolation of instrumentation
and controls sensing lines which penetrate the containment. However, instrument sensing lines
which provide input to pressure transmitters that monitor containment building pressure are
specifically exempt from this guidance; and
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g) 5. the containment purge and vent systems shall be designed to meet the requirements of 10 CFR 50(
Appendix A, GDCs 54 and 56 identified in BTP CSB 6-4 with respect to maintaining containment
integrity during a loss-of-coolant accident.

Resolution

The System 80+ Standard Design incorporates a Containment Isolation System for fluid systems piping
and for the Contairunent Purge Ventilation System. Instrumentation and control sensing lines which
penetrate the containment are provided with containment isolation provisions which meet the intent of
Regulatory Guide 1.11, etcept for lines such as the four containment pressure instrument sensing lines,
which are exempt (see Section 6.2.4.1.1).

The containment isolation system is designed to prevent or limit the release of radioactivity to the
environment during and after an accident while ensuring coatinued operability of sa.fety-related systems
which might be needed to limit or prevent the consequencen of an accident. This " system" is, in fact,
not a single system but is composed of a variety of conuinment penetrations whose isolation valve
arrangement is uniformly designed, fabricated, and tested according to the criteria specified above. A
more detailed description for the fluid systems piping containment isolation system is presented in
Section 6.2.4. Section 9.4.5 describes that part of the containment isolation system which addresses the
containment purge ventilation system.

The System 80+ Stand trd Design meets the acceptance criteria in the following ways:

1. The containment isolation system for the fluid systems piping and containment purge ventilation

Q] system ducting meets the intent of the overall guidance described in SRP 6.2.4, Rev. 2 and the
f

supplemental guidance identified in the BTP CSB 6-4, including the requirements in GDCs 1, 2,'

and 4. See Sections 3.1.1,3.1.2, and 3.1.4, respectively.

2. With regard to GDC 16, which addresses 'naintaining the leak-tightness of the containment
building, the containment building is designed to protect the public from the consequences of an
accident (i.e., minimize the release of radioactivity) and to safely withstand all internal and
external environmental conditions that may be reasonably expected to occur during the plant's
lifetime (see Sections 3.1.12 and 6.2.4 respectively).

3. The containment isolation system for the System 80+ Standard Design conforms to the
requirements of ANSI N271-1976 and thus meets the intent of Regulatory Guide 1.141 and the
requirements identified in GDCs 54 through 57, for the isolation of fluid systems.

The system's design basis addresses such requirements as leak detection, isolation, and leakage
containment capabilities. It also establishes such design features as redundant and reliable isolation
valves, and defines the system's performance requirements (see Section 6.2.4.2).

4. In accordance with the requirement of NUREG-0737, the design of instrumentation and control
systems for the automatic containment isolation valves is such that resetting the isolation signal
does not result in the automatic reopening of the valves. Reopening of containment isolation
valves requires deliberate operator action to open valves on an individual containment penetration
basis (see Section 6.2.4.5).

I

(
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5. In addition to fluid systems piping, the containment isolation system also includes the Containment
Purge Ventilation System which must be isolated during a LOCA. This system is designed to
provide a means of purging and venting the containment building whenever the containment is or
will be occupied by plant personnel such as for plant refueling and extended maintenance activities.
The system is, therefore, designed to meet the intent of BTP CSB 6-4 (which references GDCs 54
and 56) with respect to mainttining containment integrity during and after a LOCA (see Section

9.4.6).

In summary, the containment isolation system is designed to conform to the requirements of NUREG-
0737 and meet the overall guidance identified in SRP 6.2.4, Rev. 2. These documents encompass the
requirements of 10 CFR 50 Appendix A, the guidance given within BTP CSB 6-4, Regulatory Guides
1.141 and 1.11, and the requirements of industry standard ANSI N271-1976. Therefore, all of the
requirements and guidance with respect to maintaining containment building isolation integrity
throughout the plant design life have been met and this issue is resolved for the System 80+ Standard
Design.

References

1. NUREG-0737, " Clarification of TMI Action Plan Requirements," U.S. Nuclear Regulatory
Commission, November 1980.

2. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants - LWR Edition," Nuclear Regulatory Commission.

3. Regulatory Guide 1.141, " Containment Isolation Provisions for Fluid Systems," Nuclear ,

Regulatory Commission, April 1978.

4. Regulato y Guide 1.11, " Instrument Lines Penetrating Primary Reactor Containment," Nuclear
Regulatory Commission,1971.

5. 10 CFR 50 Appendix A. " General Design Criteria for Nuclear Power Plants," Code Of Federal
Regulations, Office Of the Federal Register, National Archives and Records Administration.

6. ANSI N271-1976, " Containment Isolation Provisions for Fluid Systems," American National
Standards Institute,1976.

20.2.113 Containment Design - Pmging

Issue

Generic Safety issue II.E.4.4 addresses the acceptability of the arrangements for purging / venting the
reactor containment building.

Parts (1), (2), and (3) of this issue required licensees of operating plants to: (1) minimize purging of the
containment building during power operation and to justify additional purging; (2) provide the NRC with
information on the operability of the containment isolation valves; (3) ensure operability of the
containment purge and ven. valves. Parts (4) and (5) of the issue were conschdated in NUREG-0933 and
addressed the radiological consequences of containment purging / venting during the power operation
mode. The results of the NRC studies were then to be factored into new plant designs.
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7
I ) Nuclear power plant containment building vent / purge systems are designed to provide a method of
k# introducing " conditioned" fresh air into the containment building in preparation for and during plant

shutdowns and to control the release of contamination to the environment. These systems must also
close upon occurrence of a containment isolation signal from the Engineered Safety Features Actuation
System.

The safety concern with respect to the containment building purge and vent system is that if a loss-of-
coolant accident (LOCA) were to occur while the building is being purged or vented, radiation releases
to the envirorunent would likely result. This concern is addressed by assuring that the containment
isolation valves meet the closure requirements, including time to close, thus assuring that any radiological
release would be small. Guidance on these requirements is given in SRP Section 6.2.4 (Reference 1).

Acceptance Criteria

The acceptance criterion for the resolution of GSI II.E.4.4 Parts (1) through (5) is that the design of the
containment vent and purge system shall be such that the potential for the loss of its safety function be
minimized. Specifically, the containment vent / purge system shall be designed to meet the intent of the |

guidance given in SRP Section 6.2.4.

Resolution I
|

The Containment Purge Ventilation System in the System 80+ Standard Design is designed to provide !

clean, fresh air whenever the containment and/or incore mstrumentation room is or will be occupied. |

O Containment air is exhausted to the environment through the purge filter trains. The system is described i

V in Section 9.4.6, and consists of two sub-systems: high volume purge and low volume purge. I

The contaimnent High Volume Purge sub-system is designed to maintain the average containment air
temperature between 60'F and 90*F during inspection, testing, maintenance, and refueling operations
and to limit the release of any contamination to the environment. This sub-system will not be used during
power operation.

The containment Low Volume Purge sub-system is designed to provide air circulation and reduce airborne
radioactivity for access during normal operation or after reactor shutdown. This sub-system will be used
only on an as-needed basis during power operation. I

l
<

Each containment penetration for the two sub-systems is provided with two isolation valves, one on each
side of the containment pressure boundary. The containment purge isolation valves maintain primary )
containment integrity during a postulated LOCA and meet the intent of the guidance given in SRP l

Section 6.2.4.

The containment Low and High Volume Purge sub-systems for the System 80+ Standard Design are
designed to be periodically inspected, tested and maintained (see Section 9.4.6.4). Furthermore, in order
to assure system operability during normal and accident conditions, limiting conditions for operation
(LCO's) are specified (see Section 16). The usage of these systems during power operation will also be
minhnized to reduce the probability of radiation releases to the public environment.

The required closure time for the Low Volume Purge isolation valves is justified (see Section 6.2.4) by |

[V]
an analysis of: )
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the radiological consequences of a LOCA, assuming appropriate source terms for the loss of*

inventory, and

the allowable loss of containment atmosphere while the isolation valves are closing, which affects*
the value for minimum containment pressure used in evaluating the emergency core cooling system

effectiveness.

The closure function of the Low Volume Purge isolation valves is ensured by tests or analysis which
demonstrate that the valves would isolate without degrading containment integrity during the dynamic
loads of a design basis loss-of-coolant accident (LOCA). The valves are also analyzed to te closable
against ascending differential pressure and dynamic loading of a design basis LOCA.

Since the intent of the acceptance criterion is met as described above, this issue is resolved for Ihe System
80+ Standard Design.

References

1. NUREG-0800, " Standard Review Plan for the Review of Safety Analysis Repons for
Nuclear Power Plants -- LWR Edition," U.S. Nuclear Regulatory Commission.

20.2.114 In-Site Valve Test Adequacy Study

issue

The purpose of TMI Action Plan item II.E.6.1 is to establish the adequacy of current requirements for
safety-related valve testing. It recommends a study which would result in recommendations for alternate
means of verifying performance requirements.

The objective of this task is to evaluate whether current requirements for valve testing provide adequate
assurance of performance under design conditions.

Acceptance Criteria

It could be assumed that a study would be conducted for both PWRs and BWRs and that it could result
in recommendations for additional testing and/or maintenance on all safety-related valves. A program
to implement the recommendations would then be required at all plants.

1

i

Resolution

The System 80+ valve test program is summarized in Section 3.9.6 and meets the latest NRC guidance ,

in Generic Letter 89-10. This issue is, therefore, resolved for the System 80+ design. j

20.2.115 Additional Accident hionitoring Instrumentation |
|
'

Issue

Generic Safety Issue II.F.1 was clarified in NUREG-0737, requirements were issued, and multi-plan I

action items F-20 through F-25 were established by NRR/DL for implementation purposes.

;

|
|
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( . Acceptance Criteda
L

Accident monitoring instrumentation must meet NRC guidance established in Regulatory Guide 1.97 and
in the policy issues for evolutionary Light Water Reactors (SECY-93-087).

Resolution

Accident monitoring instrumentation, which meets NRC guidance, is described in Section 7.5. This issue
is, therefore, resolved for the System 80+ design. i

20.2.116 Instrumentation for Detection of Inadequate Core Cooling

Issue >

Generic Safety issue II.F.2 addresses the need for plants to install improved accident monitoring
instrumentation for the detection of inadequate core cooling.

The TMI accident, identified a need for improved accident monitoring instrumentation because at the start ,

of an accident, it may be difficult for the operator to immediately evaluate what accident has occurred
and, therefore, to determine the appropriate response. ,

;

Plant instrumentation is required to provide indication to the contrci room operators of certain plant
variables during accidents. This accident monitoring instrumentation is necessary to provide information

O required to permit the operator to take pre-planned manual actions to accomplish safe shutdown of the
,V reactor; determine whether the reactor trip, engineered safety-feature systems, and manually initiated

safety-related systems are performing their intended functions (i.e., reactivity control, core cooling,
maintaining containment integrity); and provide information to the operators that will enable them to
determine the potential for causing a gross breach of the barriers to radioactivity release (i.e., fuel
cladding, reactor coolant pressure boundary, and containment) and to determine if a gross breach of a

- barrier has occurred.

The NRC established guidance for improved accident monitoring instrumentation in NUREG-0737 and
in Regulatory Guide 1.97, Rev. 3 (References 1, 2). The purpose of the guidance is to assist owner-
operators and designers in developing improved accident monitoring instrumentation. As with previous
accident monitoring instrumentation, these improved and/or new systems must meet the applicable GDC's
identified in 10 CFR 50, Appendix A (Reference 3).

Acceptance Criteda

The acceptance criterion for the resolution of GSI II.F.2, is that plants shall modify present accident
monitoring instrumentation and/or provide new accident monitoring instrumentation that meets the intent
of NUREG-0737. In addition, this new and/or improved instrumentation shall meet the requirements of
10 CFR 50, Appendix A,(GDC's 13,19,64) and implement the guidance identified in Regulatory Guide
1.97, Rev. 3 (as related to inadequate core cooling).

Specifically, the accident monitoring instrumentation shall be designed such that the operator will be
provided with sufficient information during accident situations to take pre-planned manual actions, and
to determine whether safety systems are operating properly. In addition, the instrumentation will also

b provide sufficient data so that the operator can evaluate the potential for core uncovery, and gross breach
of protective barriers, including the resultant release of radioactivity to the environment. |

I
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Resolution

The System 80+ Standard Design utilizes the Nuplex 80+ Control Room that is designed in accordance
with the applicable General Design Criteria (GDC) identified in 10 CFR 50, Appendix A (including
GDC's 13,19,64)(See Chapter 3). The Nuplex 80+ Control Room employs an integrated information
display hierarchy to present both safety-related and non-safety-related plant data for monitoring and
control by the operator (See Section 7.5.1). All information is integrated (in accordance with Regulatory
Guide 1.97) such that the same instrumentation used for accident monitoring is also used for normal plant
operation. If an accident scenario develops, this integration allows the operators to diagnose and monitor
the event using instruments with which they are the most familiar. The Nuplex 80+ information systems
also include automatic signal validation, through cross-channel data comparison, prior to data presentation
or alarm generation. This comparison ensures that the process information displayed to the operator is
correct. Multiple diverse systems are utilized to process and display the data to ensure that information
processing errors are detected and alarmed. This integrated information display hierarchy is composed
of the following major elements: Integrated Process Status Overview (IPSO) Panel, Discrete Indication
and Alarm System (DIAS), Data Processing System (DPS), Component Control System (CCS) and
operator displays. A further description of these systems can be found in Section 7.5.

The inadequate Core Cooling (ICC) monitoring instrumentation is part of the Nuplex 80+ Control Room
and is designed to meet the intent of the guidance identified in NUREG-0737. The ICC instrumentation
and displays provide sufficient information to permit the operator to evaluate the potential for core
uncovery, and gross breach of protective barriers, including the resultant release of radioactivity to the
enviromnent. The ICC instrumentation is described in Section 7.5.1.1.7 and consists of the following
sensor package: resistance temperature detectors (RTD's), pressurizer pressure sensors, and a reactor
vessel level monitoring system (RVLMS) en.p!oying heated junction thennocouples (IUTC) and core exit
thermocouples.

The signals from the RTD's, unheated thermocouples in the HJTC system, and pressure sensors are
combined to indicate the loss of sub-cooling, occurrence of saturation and achievement of a sub-cooled
condition following core recovery.

The reactor vessel level monitors provide information to the operator on the liquid level inventory in the
reactor pressure vessel regions above the fuel alignment plate. The core exit thermocouples monitor the
increasing steam temperatures associated with ICC and the decreasing steam temperatures associated with
recovery from ICC. Details of the ICC sensor design and signal processing are provided in Sections
7.5.1.1.7.1 and 7.5.1.1.7.2.

Instrumentation to detect the approach to inadequate core cooling during shutdown operations is discussed
in Appendix 19.8A.

The ICC parameters are incorporated into the data processing system (DPS) Critical Function Monitoring
(CFM) displays and alarm logic which are described in detail in Section 7.5.1.1.7.3.3.

The System 80+ Standard Nuplex 80+ Control Room dispiays both safety and non-safety related plant
information and includes data used for the detection of inadequate core cooling. The Nuplex 80+
Control Room is designed in accordance with the applicable codes, standaris and regulations, (10 CFR
50, Appendix A) and meets the intent of Regulatory Guide 1.97, Rev. 3, and NUREG-0737, as
previously described. Therefore, this issue is resolved for the System 80+ Standard Design.
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References |
1

!

1. NUREG 0737,'" Clarification of TMI Action Plan Requirements," U.S.~ Nuclear Regulatory {
Commission, November 1980.

]
. . !

2. Regulatory Guide 1.97, Rev. 3, " Instrumentation For Light-Water-Cooled Nuclear Power Plants !
To Assess Plant And Environs Conditions During And Following An Accident," U.S. Nuclear |

1 Regulatory Commission, May 1983. |
J

'
3. 10 CFR 50 Appendix A, " General Design Criteria".

20.2.117 Instr ====*= for Monitoring Accident Conditions ,

|

Issue !
!

Generic Safety issue II.F.3 addresses the adequacy and availability of instrumentation which monitors
'

plant variables and systems during and following an accident. Prior to the Three Mile Island (TMI)
Accident, nuclear power generating stations were equipped with accident monitoring instrumentation using'

the guidance identified in Regulatory Guide 1.97, Rev.1 (Reference 1) and ANSI /ANS 4.5 (Reference,

2).
'

| After the TMI accident, several concerns were identified regarding the availability and @jm of
instrumentation to monitor plant variables and systems during and following an accident (see,

]
. NUREG-0737, Reference 3). Regulatory Guide 1.97 (Reference 4) was revised to incorporate new

j . , instrumentation as a result of the TMI experience.

Regulatory Guide 1.97 describes a method which is acceptable to the NRC for complying with the
requirements to provide instrumentation to monitor plant variables and systems during and following an

i accident. ANSI /ANS 4.5 delineates the criteria for determining the variables to be monitored by the
control room operator during the course of an accident and during the long-term stable shutdown phase
following an accident.

Acceptance Criteda -

,

The acceptance criterion for the resolution of GSI II.F.3 is that there shall be instrumentation of sufficient
i' quantity, rang, availability and reliability to permit adequate monitoring of plant variables and systems

during and following an accident.

Specifically, the instrumentation shall conform to the guidance given in Regulatory Guide 1.97, Rev. 3
and ANSI /ANS 4.5 and should provide sufficient information to the operator for (1) taking pre-planned

] manual actions to accomplish safe plant shutdown; (2) determining whether the reactor trip, engineered-
safety-feature systems, and manually initiated safety-related systems are performing their intended safety
functions (i.e., reactivity control, core cooling, maintaining RCS integrity arxl containment integrity); (3)

~

determining the potential for causing a gross breach of the barriers to radioactivity release (i.e., fuel
cladding, reactor coolant pressure boundary, and containment) and determining if a gross breach has
occurred.;

~
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Resolution

The System 80+ Standard Design incorporates the Nuplex 80+ Advanced Control Complex (ACC)
which includes the Post Accident Monitoring Instrumentation (PAMI). The PAMI is designed in
accordance with the intent of the guidance given in Regulatory Guide 1.97, Rev. 3. This instrumentation
is itemized in Section 7.5.1.1.5 and Table 7.5-3 which includes the parameters monitored, the number
of sensed channels, sensor ranges, indicated range, location, and associated Regulatory Guide 1.97
category. Examples of plant parameters monitored are RCS pressure, primary safety valve position,
primary coolant temperature, containment pressure, and site radiation.

The Nuplex 80+ ACC includes the Main Control Room (MCR). The MCR design integrates the Safety
Parameter Display System (SPDS) function and the PAMI using three methods. The first method of
integration uses the Discrete Indication and Alarm System (DIAS) Channel-P processors and displays
which are dedicated to continuously monitor snd display Category 1 parameters such as RCS pressure,
containment pressure, and reactor vessa coolant level within the MCR on the Safety Monitoring panel.
The second integration method include s DIAS Channel-N displays which are integrated into the MCR for
display of Category 1 and 2 PAMI parameters during both normal operations and accident conditions.
These displays include such parameters as core exit temperature, emergency feedwater storage tank level,
safety injection tank level, and plant radiation level. (DIAS Channel-N is isolated from the DIAS
Channel-P displays). The third integration method employs the Data Processing System (DPS) which
utilizes CRT displays to provide indication for all Category 1,2 and 3 parameters including main
feedwater flow, emergency diesel generator status, and RCS radiation level (these CRT displays are
isolated from DIAS Channels P and N). This system also provides integrated displays for Critical Safety
Functions, Inadequate Core Cooling, and other safety related plant parameters.

These instrumentation and information systems, when evaluated together, provide sufficient information
to permit the operator to: (1) take pre-planned manual r.ctions to accomplish safe plant shutdown; (2)
determine whether the reactor trip, engineered safety feature systems, and manually initiated safety
systems important to safety are performing their intended safety functions; and (3) determine the potential
for a gross breach of the barriers to radioactivity release and to determine if a gross breach has occurred.
Since these instrumentation and information systems meet the intent of Regulatory Guide 1.97, Rev. 3,
and ANSI /ANS-4.5, this issue is resolved for the System 80+ Standard Design.

References

1. Regulatory Guide 1.97, Revision I, " Instrumentation for Light-Water-Cooled Nuclear Power
Plants to Assess Plant and Environs Conditions During and Following an Accident," August 1977.

2. ANSI /ANS 4.5, " Criteria for Accident Monitoring Functions in Light-Water-Cooled Reactors,"
December 1980.

3. NUREG-0737, " Clarification of TMI Action Plan Requirements," U.S. Nuclear Regulatory
Commission, November 1980.

4. Regulatory Guide 1.97, Revision 3, " Instrumentation for Light-Water-Cooled Nuclear Power
Plants to Assess Plant and Environs Conditions During and Following an Accident," May 1983.

O
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(n) 20.2.118 Power Supplies for Pressurizer Relief Valves, Block Valves, and Level Indicators

Issue

Generic Safety Issue II.G.1 in NUREG-0737 (Reference 6) addresses the reliability of the emergency
power source which is used for the pressurizer relief (PORVs) and block valves and for the pressurizer
level indication in the event of loss-of-offsite power.

'

The TMI accident demonstrated the need for reliable pressurizer equipment (e.g., the ability to open or
close the PORVs as necessary). Moreover, power supplies used to provide power for the pressurizer
PORVs, block valves and level indication may not have been qualified to present stringent post-accident
requirements. Several concerns were identified regarding the adequacy of the power supplies for the
pressurizer equipment panicularly with respect to the loss-of-offsite power event [see NUREG-0737]
NUREG-0737 identifies new guidance to assure adequate power for the pressurizer equipment consistent
with the requirements of GDCs 10,14,15,17 and 20 of 10 CFR 50, Appendix A, (Reference 2).

Acceptance Criteria

The acceptance criterion for the resolution of GSI II.G.1 is that, in the event of a loss-of-offsite power,
the above pressurizer equipment shall be supplied with uninterrupted electrical power consistent with the
guidance given in NUREG-0737 and the requirements of GDCs 10,14,15,17 and 20 of 10 CFR 50,
Appendix A.

lO Resolution
I

The System 80+ Standard Design incorporates pressurizer equipment that is different from current
operating plant designs. For example, the Safety Depressurization System (SDS) performs rapid venting
and depressurization of the Reactor Coolant System (RCS) when the Auxiliary Spray System is not
available (see Section 6.7.1.1 for a description of the SDS). Reliable pressurizer level indication is
provided in the Nuplex 80+ Advanced Control Complex consistent with the guidance given in
NUREG-0737.

The System 80+ Standard Design uses the Post Accident Monitoring Instrumentation (PAMI) and the
SDS to monitor and mitigate a variety of beyond design basis events (see Sections 6.7 and 7.5).

The equipment may be used during postulated accidents (or during beyond design basis events) to perform
a rapid depressurization of the RCS or to perform feed-and-bleed operations. Since this equipment is
designated " safety-related", the systems and components including the pressurizer level indication and
the safety depressurization valves are qualified to meet expected post-accident conditions. In accordance
with the safety-related design requirements, the valves can be supplied from an emergency onsite power
source in the event of a loss-of-offsite power. The pressurizer fluid level indication and SDS
instrumentation are part of the PAMI and are identified (see Section 7.5, Table 7.5-3). The sensors and
displays are capable of operating independently of offsite power for PAMI (see Section 7.5.2.5). In
summary, the safety-related SDS and PAMI are powered from emergency onsite power and can sustain
a total loss of offsite power (among other design basis events) and remain functional. Therefore, since
the intent of the guidance given in NUREG-0737 has been met and thus the requirements of 10 CFR 50
Appendix A, this issue is resolved for the System 80+ Standard Design.
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References

1. NUREG-0737, " Clarification of TMl Action Plan Requirements," U.S. Nuclear Regulatory
Commission, November 1980.

2. 10 CFR 50 Appendix A, " General Design Criteria for Commercial Nuclear Power Plants " Office
of the Federal Register, National Archives and Records Administration.

20.2.119 Organization and Staffing to Ovence Design and Construction

Issue

The purpose of TM1 Action Plan item II.J.3.1 is to require license applicants and licensees to improve
the oversight of design, construction, and modification activities so that they will gain the critical
expertise necessary for the safe operation of the plant.

Acceptance Criteria

The criteria and regulatory guidelines for this issue are being addressed and developed by DHFS as part
of item 1.B.I.l.

Resolution

This issue and issue I.B.1.1 both deal with assuring plant design and construction for safe operation. The
Quality Assurance program for System 80+ design activities is summarized in topical report CENPD
-210-A as referenced in Section 17.1.

[[A COL commitment to a construction QA program is stated in Section 17.2.]]3

20.2.120 Measures to Mitigate Small-Break Loss-of-Coolant Accidents and less-of-Feedwater
Accidents

Issue

Generic Safety issue II.K.1 has twenty-eight (28) sub-issues which address the need to improve
emergency operating procedures, operator training, and hardware to mitigate the consequences of the
small-break LOCAs and loss-of-feedwater events based on the Bulletin and Orders Task Force review
of the I&E Bulletins. These sub-issues are also directly related to other USIs and GSIs as cited in
NUREG-0933.

Guidance for design and operating improvements for these sub-issues is given in NUREG-0737
(Refererze li For example, the NRC requires (a) operating procedures which can recognize, prevent
and m'.tigate the formation of voids in the reactor vessel head during transients; (b) a review of safety-
related emergency feedwater valve positioning after maintenance, inspection, and operation; and (c) a
design and procedures which will assure automatic tripping of the reactor coolant pumps for all required
circumstances.

G.
.

I COL information item: see DCD Introduction Section 3.2.
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Acceptance Criteda

The n~*we criteria for the resolution of these sub-issues identified in GSI II.K.1 are encompassed <

by the other Generic and Unresolved Safety Issues which are given in NUREG-0933. In general, these !
.

criteria provide that plant design and operation adequately address both small-break LOCAs and i'

loss-of-feedwater events in accordance with the guidance given in NUREG-0737. ,

!

n.e.inein. |
!

GSI II.K.1 is a comyider.sive issue covering a broad range of safety aspects of both plant design and
~

emergency procedures. Each sub-issue applicable to the System 80+ Standard Design is identified in. {
the following list and cross-referenced to the particular USI and/or GSI which specifically addresses the t

sub-issue. The remaining sub-issues of GSI II.K.1 are not applicable to the System 80+ Standard Design. ;
;

II.K.1(5): This sub-issue was resolved for the System 80+ design by the post-TMI upgrade of ABB- |
CE emergency procedure guidelines, by incorporating these guidelines into the System 80+ | |

EOGs, and by reviewing those EOGs in light of current design basis safety analysis and !

severe accident analysis. !

1i

II.K.1(10): This sub-issue was resolved for the System 80+ design during development and review of )
s

the surveillance requirements and corresponding actions in the Technical Specification

! (Chapter 16.

II.K.1(13): This issue was resolved during development and NRC review of the System 80+ Technical
,

Specifications.*

; Resolutions for the applicable sub-issues of GSI II.K.1 are subsumed by the individual USIs and/or GSIs,
each of which is separately resolved and included in this chapter. Therefore, Issue II.K.1 is resolved for
the System 80+ Standard Design.

The following list cross-references GSI II.K.1 sub-issues to other GSI/USIs which are applicable to the i
:

System 80+ Standard Design.i

GSI II.K.1 GSI/USI Cross-References
Sub-Issue Applicable to Systets 80+ ,

3 I.C.1 g
~

'4d II.F.2
| 6 II.E.4.2

9 II.E.4.2 .

14 II.E.4.1, II.F.1
15 II.E.1.2

,

16 I.C.1, II.D.3
24, 25 1.C.1

26 I.C.1
27 I.C.1, II.F.2
28 II.K.3(5)

O
'
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References

1. NUREG-0737, " Clarification of TMI Action Plan Requirements." U.S. Nuclear Regulatory
Commission, November 1980.

20.2.121 Final Recommendations of Bulletins and Orders Task Force

Issue

Generic Safety Issue II.K.3 has fifty-seven (57) sub-issues which address the need to improve emergency
operating procedures, operator training, and hardware particularly with .espect to accident prevention,
monitoring, and mitigation based upon the recommendations of the Bulletins and Orders Task Force.
These sub-issue are also dLectly related to other USIs and GSIs as cited in NUREG-0933.

In additen, guidance for improved emergency operating procedures, operator training and hardware with
respect to accident prevention monitoring and mitigation is given in NUREG-0737 (Reference 1).

Acceptance Criteda

Eight sub-itsues of GSI II.K.3 apply to the System 80+ Standard Design of which items 6, 8, and 55
are covered separately under their own USI and/or GSI resolution. The five remaining applicable sub ,

'

issues are 2,5,25,30, and 31.

The acceptance criteria for the resolution of suirissues 6, 8, and 55, are encompassed in other Generic
and Unresolved Safety Issues as given in NUREG-0933. The acceptance criteria for resolution of sub-
issues 2,5,25,30 and 31 are given in NUREG-0737 and are su mnarized below.

II.K.3(2): Probability of a small-break loss of coolant accident (LOCA) caused by a stuck open power
operated reGef valve (POkV)

Licensee should perform an analysis to determine the probability of a small break LOCA
caused by a stuck open PORV.

II.K.3(5): Automatic Trip of Reactor Coolant Pumps (RCPs) on Small-Break LOCAs

Licensee should consider the effects of automatically tripping the RCPs upon the occurrence
of a small break LOCA to assist in accident mitigation.

II.K.3(25): Effect of Loss of Alternating-Current (AC) Power on Pump Seals

Licensee should determine the consequences of a loss of cooling water to the RCP seal
coolers following the loss of offsite AC power. The seals should be designed to withstand
a co7 ete loss of AC power for two (2) hours.1

II.K.3(30): Revised Small-Break LOCA Methods to Show Compliance with 10 CFR 50, App. K

in accordance with the revised guidance given in this sub-issue in NUREG-0737, the
Licensee is allowed to demonstrate compliance by the justification of the acceptability of its
current small-break LOCA model.

Ancroved Design Material Meschmon of Sektyissues Page 20.2170
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II.K.3(31): Plant-Specific Calculations to Show Compliance with 10 CFR 50.46 i

!

Licensee shall submit plant-specific calculations to show compliance by using an ;

I
NRC-approved model for small-break LOCAs.

1

Resolution |
;

GSI II.K.3 is a comprehensive issue covering a broad range of safety aspects of both plant design and |
emergency procedures. Three sub-issues applicable to the System 80+ Standard Design,6,8, and 55, !

are covered separately by other USIs and GSIs; each sub-issue is cross-referenced below to the particular !

USI and/or GSI which specifically addresses that sub-issue.' .!
!

II.K.3(6): Instrumentation to Verify Natural Circulation i

t

Reference: I.C.l(3), II.F.2 :a

!

II.K.3(8): Further Staff Considerations of Need for Diverse Decal Heat Removal Method Independent !

of SGs'

Reference: A-45 |
i

II.K.3(55): Operator Monitoring of Control Board I
i

Reference: I.C.l(3), II.D.3

With respect to sub-issues 2,5,25,30 and 31, the System 80 and the System 80+ Standard Designs are
essentially the same. Therefore the resolutions, which have been approved by the NRC in NUREG-0852

: - (Reference 2) for System 80, apply also to System 80+ and are given below for these sub-issues.

II.K.3(2): Probability of a small-break loss of coolant accident (LOCA) caused by a stuck open power
operated relief valve (PORV)

Syrtem 80+ does not utilize automatically actuated PORVs, but it does hase a safety
depressurization system (SDS) with two trains, each with two motor-operated valves in
series, the SDS isolation (gate) valve and the bleed (globe) valve. These valves are
manually operated from the control room and do not have an automatic open signal.
Inadvertent opening of one SDS train would result in a medium LOCA with the inventory
discharged to the IRWST. The plant response to this type of medium LOCA would be the'

same as for any other medium LOCA.

There are two general ways in which an SDS LOCA might occur, mechanical failure of the
series valves, or the inadvertent opening of the valves by an operator. As previously stated,
each SDS train consists of two valves in series, the SDS isolation and bleed valves. During
normal operation, the isolation valve is exposed to full RCS pressure and temperature while
the bleed valve is exposed to lower temperatures and pressures. There is a pressure detector
in the line between the isolation valve and the bleed valve. Thus, should the isolation valve'

" fail open", it would be detectable. Given that the isolation valve failed open, it is

.

4
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conservatively assumed that the operators would shut the plant down and repair the failed
valve within 30 days. During this period, the bleed valve would be exposed to fu:1 system
temperature and pressure and subject to failure. The probability that a faihire of the SDS
valve or a medium LOCA will occur is discussed in Chapter 19.

II.K.3(5): Automatic Trip of RCPs on Small-Break LOCAs

The effects of automatic tripping of the RCPs on Small-Break LOCAs were reported in
CEN-268 (Reference 3), which identifies the RCP trip methodology.

II.K.3(25): Effect of Loss of AC Power on Pump Seals

The RCP seals are normally cooled by redundant systems, seal injection from the Chemical
and Volume Control System, and component cooling water (CCW). In the event of a loss
of offsite AC power, seal injection can be restored by manually aligning Clas O power
to the charging pumps, or by using the positive displacement dedicated seal injection pump.
Two of the four CCW pumps can be powered from the emergency diesel generators to
provide seal cooling.

During a complete loss of AC power (loss of offsite power with loss of the diesel
generators), power can be supplied to the dedicated seal injection pump, one charging
pump, and one CCW pump from the onsite alternate AC power source described in
Section 8.3.1.1.5.

The use of redundant, diverse seal cooling systems with multiple electrical power sources
significantly reduces the probability of losing seal cooling.

In addition, a series of tests which were performed on a System 80 RCP demonstrated the
ability of the RCP seals to withstand a loss of AC power. The first test involved a
simultaneous loss of CCW and seal injection for 35 minutes to a RCP. The second test was
a loss of CCW with seal injection available for two hours before CCW was restored. The
results of the above tests demonstrated that the RCP seal temperatures do not exceed the
pump manufacturer's maximum allowable operating temperatures under a postulated loss
of AC power condition. |

|

II.K.3(30): Revised Small-Break LOCA Methods To Show Compliance with 10 CFR 50, Appendix K I
1

C-E developed a topical report, CEN-203 (Reference 4) that demonstrated the continued
acceptability of C-E's approved small break LOCA eva''ntion modei.

II.K.3(31): Plant-Specific Calculations to Show Compliance With 10 CFR 50.46
CEN-203 demons'res continued acceptability of C-E's approved small-break LOCA
model; Section 6.3.3 demonstrates compliance with 10 CFR 50.46.

Resolutiom for the applicable sub-issues of GSI II.K.3 except for those resolved above, are subsumed j
by the individual USis and/or GSIs, each of which is separately resolved and included in C-E's USI and i

GSI submittals. Since the above sub-issues are resolved and the remaining sub-issues which have been j

identified as applicable to System 80+ are resolved separately by other USIs and/or GSis, GSI II.K.3 i

'

is, therefore resolved for the System 80+ Standard Design.

i
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1. NUREG-0737, " Clarification Of TMI- Action Plan Requirements," U.S. Nuclear Regulatory
Commission, November 1980.

2. NUREG-0852, " Safety Evaluation Report related to the final design of the Standard Nuclear Steam
Supply Reference System CESSAR System 80," U.S. Nuclear Regulatory Commission, November
1981; and Supplements 1,2, and 3 dated March 1983, September 1983 and December 1987, .
respectively.

3. CEN-268, Revision 1,;" Justification of Trip Two/ Leave Two Reactor Coolant Pump Trip
Strategy," Combustion Engineering, Inc., May 1987.

4 CEN-203, Rev. I " Response To NRC Action Plan Item II.K.3.30 - Justification of Small-Break
LOCA Methods," Combustion Engineering, Inc., March 1982. Rev.1 includes Supplements 1

:2, 3, and 4 dated February 1984, November 1984, December 1985 and November 1986,
respectively.

20.2.122 Technical Support Center Description

issue

TMI Action Plan item Ill.A.I.2(1) called for a dedicated Technical Support Center (TSC) to provide a

/~ place for management and technical personnel to support reactor control functions, to evaluate and
i diagnose plant conditions, and for a more orderly conduct of emergency operations. The TSC ,vas

required to be separate from but near the control room and was expected to have the capability to display
and transmit plant status to those individuals knowledgeable of and responsible for engineering and
management support cf reactor operations, in the event of an accident.

Acaptance Criteria
,

Provide a Technical Support Center (TSC) that meets the guidance of NUREG-0737.

Resolution

'.
The System 80+ design includes a TSC, as described in Section 13.3.3.1. This issue is, therefore,
resolved.<

.

20.2.123 On-Site Operational Support Center

Issue

-TM1 Action Plan item III.A.I.2(2) called for the establishment of an Operational Suppon Center (OSC)
separate from the control room as a place in which operations support personnel could assemble in an
emergency situation to receive instructions from the operating staff. The OSC was to be provided with
communication capability with the plant control room, TSC, and the near-site Emergency Operations
Facility,

w - . n ., a..- .
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Acceptance Criteria .

Provide an OSC that meets the guidance of NUREG-0737.

Resolution

The System 80+ design includes an OSC, as described in Section 13.3.3.3. Therefore, this issue is
resolved.

20.2.124 Near-Site Emergency Operations Facility

Issue

TM1 Action Plan item Ill.A.I.2(3) called for a near-site EOF to provide a planned, organized, central
focal point for coordination of on-site and off-site activities for reactor emergency situations. The EOF
was required to be operated by licensees and sized and equipped to function as a center for: (1) licensee
command and control functions of on-site operations and evaluation and coordination of all on-site and
off-site licensee activities related to an emergency having actual or potential environmental consequences;
and (2) analysis of plant effluent monitors, meteorological conditions, and off-site radiation
measurements, and for off-site dose projections.

Acceptance Criteria

Provide an EOF that meets the guidance of NUREG-0737.

Resolution

The EOF is not part of the System 80+ design scope, but interface requirements are provided in Section
13.3.3.2. This issue is, therefore, resolved for design certification of System 80+.

20.2.125 Review Information on Provisions for Leak Detection

Issue

As described in NUREG-0933, TMI Action Plan item Ill.D.1.l(2) called for evaluations to identify
design features that will reduce the potential for radiation exposure to workers at nuclear power plants
and to the offsite population following an accident. Item III.D.1.1 called for the staff to evaluate the j

likelihood of worker exposure and of releases of radioactivity due to potential sources of radiation and j

airborne radioactivity from primary coolant that may be in systems outside the containment structure i

following an accident. The adequacy of the existing acceptance criteria for the design of vent-gas and |

other systems outside the containment structure were to be evaluated and the need for leak detection |
systems determined. Item III.D.I.l(2) called for NRR to select a contractor to review information on: !

(1) provisions for leak detection, equipment arrangement drawings, piping drawings, and fabrication !

criteria (specifications) for systems that may contain substantial amounts of radioactivity after an accident; )
and (2) primary-to-secondary steam generator leakage, j

1

Acceptance Criteria j

9(jAdditirmal rsdiation monitoring provisions were addressed in October 1980 when TMI Action Plan Item
II.F. t , "Addiional Accident-Monitoring Instrumentation," was clarified in NUREG-0737 and '
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[ requirements were issued to licensees. These requirements consisted of the following: (1) noble gas ,

effluent radiological monitors; (2) provisions for continuous sampling of plant effluents for post-accident
releases of radioactive iodines and particulates and on-site laboratory capabilities; (3) containment high-
range radiation monitor; (4) containment pressure monitor; (5) containment water level monitor; and (6)

+

containment hydrogen concentration monitor. As a result of these requirements, displays and controls
were to be added to control rooms for use by operators during normal and abnormal plant conditions. ;

Multi-plant action items F-20 through F-25 were established by the staff to follow licensee implementation -

of these requirements.

Resolution
i

This issue is resolved for the System 80+ design via the monitoring provisions mmmarized in Section :

11.5, the ALARA evaluation in Section 12.1, and the radiation protection design features in Section 12.3.

20.2.126 In-Plant Radiation Monitoring
,

,

Issue

Generic Safety Issue III.D.3.3 addresses the need for additional survey equipment and radiation monitors i

in vital areas, as evidenced by the TMI accident.
J

In NUREG-0737 (Reference 1), requirements for improved in plant iodine monitoring instrumentation
and for in-containment high-range radiation monitors, for use during and following an accident, were
clarified. These requirements were also incorporated in Regulatory Guide 1.97 (Reference 2), and SRP

C Section 12.3.4 (Reference 3) was revised to include additional monitor requirement criteria.
,

Regulatory Guide 8.25 (Reference 4) was issued to prescribe acceptable methods for calibration of air-
sampling instruments, and a revision of 10 CFR 20, Paragraph 20.501(c) (Reference 5) provided
acceptable methods for calibration of personnel radiation monitors.

Acceptance Criteria

The acceptance criteria for the resolution of GSI III.D.3.3 for future nuclear power plants are that the,

design of certain radiation monitoring equipment shall meet the requirements of NUREG4737 (also
included in the acceptance criteria of Revision 3 to Regulatory Guide 1.97) and the acceptance criteria
of Revision 2 to SRP Section 12.3.4. ,

I

Specifically, for post-accident use in accordance with NUREG-0737, the fixed airbome iodine I

concentration monitors shall be augmented by the provision of one or more portable instruments using
sample media that will collect iodine selectively over xenon and having the capability for removal of the
sampling cartridge to a low-background, low concentration area for further analysis. Also, provision
shall be made for continuous sampling of plant gaseous effluent for post-accident releases of noble gases,
radioactive iodines, and particulates; and there shall be a minimum of two containment high radiation
monitors, together with radiation monitors in areas requiring post-accident access to equipment important
to safety.

In accordance with the acceptance criteria of SRP 12.3.4 Revision 2 the area radiation and airborne
radioactivity monitoring systems shall have readouts and annunciation provided in the control room.

Calibration of instrumentation is site-specific and is the responsibility of the owner-operator. j
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Resolution |

The permanently installed Radiation Monitoring System (RMS) of the System 80+ Standard Design is
described in Section 11.5. Monitor types, sensitivities, ranges, and other data are itemized in Tables
11.5-1 through 5. RMS equipment that monitors liquid and airborne activity in selected locations and
effluent paths during arzi after postulated accidents meets the requirements of NUREG-0737 and the
acceptance criteria of Regulatory Guide 1.97. Area radiation and airborne radioactivity monitoring
equipment is provided with readouts and annunciation in the Control Room as described below.

Airborne radiation monitors are described in Section 11.5.1.2.4, and include a ponable unit that can be
moved to areas where work or surveillance activities are at an unusual risk of airborne exposure. This
monitor includes detector channels for particulate, iodine, and gaseous activity. All equipment is
assembled on a mobile can, and the design allows for transfer of the particulate sample filters and iodine
sample cantidges to the Station Counting Room for funher sample analysis.

Equipment for continuous sampling during and after an accident of plant gaseous effluent for noble gases,
iodine and paniculates, and for radiation monitoring of areas requiring post-accident access is as follows:

1. Unit Vent Monitor (Section 11.5.1.2.3)

This monitor measures radioactivity in the Unit Vent, which is a large duct system providing a
discharge point for potentially radioactive airborne and gaseous effluents from the plant. Vent
flow is continuously sampled and a moving filter paper detector assembly continuously scans
paniculate activity. A fixed iodine absorption filter and detector assembly collects iodine and
measures its activity, and both low and high range gaseous activity detectors measure noble gas -

activity.

2. Unit Vent Post-Accident Monitor (Section 11.5.1.2.3)

This monitor backs up the indication of the Unit Vent Monitor above, and is provided to meet the
upper range requirements of Regulatory Guide 1.97. The monitor continuously measures the
airborne radiation levels in the Unit Vent by means of an ion chamber located in the well of an
inline sampler.

3. Radwaste Building Ventilation Monitor (Section 11.5.1.2.4)
If the exhaust of the Radwaste Building Ventilation System is discharged directly to the
environment, this monitor is located in the exhaust and includes a paniculate / iodine fixed filter
cantidge in the sample tube inlet and normal and high range gas detection channels.

4. High Range Containment Area Monitors (Section 11.5.1.2.5)

These monitors are two physically independent and electrically separated ion chambers in
containment, away from the influence of the Reactor Coolant System, to measure high range
gamma radiation. The design and qualification of these monitors meet the requirements of
Regulatory Guide 1.97 for Category I instruments.

O
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n
i 5. Main Steam Line Area Monitors (Section 11.5.1.2.6)(J

These monitors are located upstream of the safety relief valves on each pair of main steam lines.
Detectors are mounted close to the process line to detect radioactivity due to a steam generator
tube mpture. These monitors meet the requirements for Regulatory Guide 1.97 Category 2 |
instmmentation.

|
.

6. Maln Steam Line Nitrogen 16 Monitors

One monitor is provided for each steam generator to detect gamma radiation associated with a
leaking or ruptured steam generator tube.

7. Post-accident Area Radiation Monitors (Section 11.5.1.2.1)

These monitors cover areas containing equipment important to safety which may require personnel
access after an accident. Locations of the monitors in the Nuclear Annex and Reactor Subsphere
are determined based on post-accident shielding analysis and safety equipment access requirements.
These monitors meet the requirements for Regulatory Guide 1.97 Category 3 instrumentation.

General information on monitor types and configurations is given in Section 11.5.1.2.1. Typically a
,

monitor consists of components such as a microprocessor, one or more detectors, a shielded detection
chamber, a sample pump, flow instrumentation, and associated tubing and cabling. Sufficient shielding
is provided to ensure that the required sensitivity is achieved at the design background level for the area,

n and a check source which is automatically activated by the microprocessor at preset intervals verifies

d operability.

Radirtion level signals and a.larms, and operation status alarms are generated by each monitor
microprocessor for local and control room annunciation. Radiation level and alann signals in the main
control room are handled by the Nuplex 80+ Discrete Indication and Alarm System (DIAS) and Data
Processing System (DPS) as described in Sections 7.5.1 and 11.5.1.2.2. A digital communications
network is used to connect each monitor microprocessor with DIAS and DPS. Operators in the control
room can access information on monitor configuration and historical trends, and diagnose problems from
operation status alarms. The operators can also change alarm setpoints from the control room. Alert
alarm serpoints are set at levels allowing subsequent observation of activity level changes, and high alarm
setpoints for potential effluent paths are controlled by station procedures to enswe that instantaneous
release rates are within 10 CFR 20 limits.

Since the RMS includes (a) a portable airborne iodine monitor, (b) continuous pxt accident gaseous
effluent monitoring for noble gases, iodine and particulates, (c) containment high radini an monitors, (d)
radiation monitors for areas requiring post-accident access to safety equipment, rad ( ) control room
readouts and annunciation, this issue is resolved for the System 80+ Standard Dwja.

References

1. NUREG-0737, " Clarification of TMI Action Plan Requirements," U.S. Nuclear Regulatory
Commission, November 1980.

(V)
2. Regulatory Guide 1.97, " Instrumentation for Light Water Cooled Nuclear Power Plants to Assess

Plant Environs Conditions During and Following an Accident," U.S. Nuclear Regulatory
Commission, May 1983.
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Regulatory Guide 8.25, " Calibration and Error Limits of Air Sampling Instnunents for Total4.
Volume of Air Sampled," U.S. Nuclear Regulatory Commission, August 1980.

5. 10 CFR 20, Code of Federal Regulations.

20.2.127 Control Room IIabitability
.

Issue

As stated in NUREG-0933, Generic Safety Issue III.D.3.4 was clarified in NUREG-0737, requirements
were issued, and multi-plant action item F-70 was established for implementation purposes.

Acceptance Criteria

Acceptance criteria are provided in the U.S. NRC Standard Review Plan, Section 6.4, and in Regulatory
Guides 1.78 and 1.95.

Resolution

This issue is resolved for System 80+ as a result of the design and evaluation summarized in Section 6.4.

O

O
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d 1.0 I Introduction -
t

1.1 Purpose ;

i

The objective of this repon is to suppon the System 80+Nt) standard plant design cenification by
'

*

.providing a general description of the Emergency Operations Guidelines for the ABB Combustion
Engineering System 80+ design. The guidance in this report incorporates use of the specific design |
features of the System 80+ standard plant and is based on the Combustion Engineering Emergency- |

Procedure Guidelines (CEN-152, Rev. 3), including all current Maintenance manual Change Packages j

. in effect as of November 1,1993. The Emergency Operations Guidelines provided in this repon have- |

. not been validated on a plant specific simulator and include design information and parameters available !

at the time this report was prepared. |
1

1.2 ExpInnation of Major Terms !
i

IProvided in this section are some imponant terms useful to the understanding of the overview presented

in the next few sections. |

1.2.1 Safety Functions
i

A safety function is any condition or action needed to either prevent core damage or to minimize radiation j

releases to the general public. If all safety function acceptance criteria are satisfied, the safety of the !

/~ public is preserved.b] ,

1.2.2 E , g Operations Guiddi== |
!,

Emergency operations guidelines provide technical guidance for the development of plant specific j

emergency operating procedures for the System 80+ plant. These guidelines provide the actions !

necessary for mitigation of plant events that necessitate a reactor trip. !

:'
1.2.3 . Optimal Recovery Guidelines

:

Optimal recovery guidelines provide the technical basis for plant specific emergency operating procedures
'

which the operator would use to treat a specific set of symptoms. Optimal recovery guidelines are written
,

to strategically address a specific set of symptoms. Each set of symptoms usually corresponds to a
,

specific event or class of events (e.g. LOCA, SGTR) causing the transient or accident.

1.2.4 ' Functional Recovery Guideline |

The functional recovery guideline provides the technical basis for a plant specific functional recovery
emergency operating procedures which the operator would use to verify the satisfactory control or j
restoration of all critical safety functions and to provide actions to restore and maintain those safety

*

functions when degraded. A functional recovery operations (and the guideline on which it is based) is
written in such a way that the operator need not diagnose an event in order to establish and maintain a*

,

safe plant configuration. !
i

(
!

!
t System 80+ is a trademark of Combustion Engineering. Inc.

,

- ADer . I- - ay GposWens Seddsam Pope f-7 ' l

:!
?

. , , - . , - . . - . . . - - . . - .- , , _ . _ _ _ _ _ _ _ _ _ _ _ . - - - - -|



System 80+ Design control Document
i

|

1.2.5 Emergency Operating Procedures

Emergency operating procedures are a plant specific document based on emergency operations guidelines
which contain all of the steps needed to take the plant from the post-reactor trip state to a safe, stable
condition. Emergency operating procedures use a specific format for clarity of procedural actions, I

control room personnel interactions, and compatibility with the design of the control room.
;

1.2.6 Verification

Verification is the process by which the technical information in emergency operations procedures is
demonstrated to be accurate and complete. Verification may consist of technical analyses, workshops,
or technical review. The outcome of the verification process is emergency operating procecures which
are technically sound and complete.

1.2.7 Validation

Validation is the process by which emergency operating procedures are demonstrated to be useable by
the operators. Validation is accomplished through workshops, control room walkthroughs, or by
exercising the emergency operating procedures on simulators.

1.3 Overview of System 80+ EOG System

The System 80+ Emergency Operations Guidelines (hereafter referred to as EOGs), represents a best
estimate operator guidance for coping with design basis events (accidents).

Each plant develops an extensive network of operating procedures. Emergency operating procedures
must be coordinated with these procedures. The content and scope of the emergency operating operations
developed from EOGs should be designed to interface with, but neither overlap nor duplicate, plant
procedures. The EOGs are designed to be used independently and cross referencing should be
minimized. Cross referencing is appropriate only when the other guideline entry conditions are achieved
during the course of operation (e.g., when Shutdown Cooling System entry conditions are established,
then initiate it per operating instructions). The EOGs do not cover information related to overall
operation of the power plant site during emergency conditions because that subject is covered by the Site
Emergency Plan.

1.3.1 EOGs System Structure and Rationale

The EOGs are a collection of the best available technical information to be used for writing emergency
operating procedures. An understanding of what constitutes an emergency is a prerequisite to deciding
what information is to be collected and in which format that information is to be arranged. For the
purpose of the EOGs, an emergency event is distinguished from other off-normal plant operations by
virtue of its severity; it is sufficiently severe that a reactor trip is either activated automatically or
required to be manually initiated to mitigate the event. Figure 1-1 depicts the distinction between
emergency operating procedures based on these guidelines and other off-normal operations.

Emergency events can be divided into two classes. For the first class, the operators can ascertain the
general type of the event by recognizing its correlated symptom set from control board indications and
their knowledge of the plant and recent operating history. For these events where an accurate diagnosis
can be made, it is highly desirable to provide mitigating guidance which is selected and sequenced to

ADM Emergency operatens Guidehnes Page 1-2
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(j strategically address that symptom set. Since these types of events have been well analyzed and
understood (e.g., LOCA, SGTR), it is possible to write the emergency operations guidelines to optimize-

the recovery (i.e., minimize release of radiation, minimize system leakage, reduce risk of core damage,
reduce post accident recovery time to full power, etc.). For ease of use, these events have been grouped
into classes of events (e.g., large and small break LOCAs inside or outside of containment are covered
by one guideline). In the second class of emergency, the q,crators are unable to identify a unique
symptom set for the event. This may be due to errors in sym; tom assessment by the operators; multiple,
simultaneous failures in the plant (e.g., combined SGTR and LOCA); the occurrence of an heretofore
unanalyzed event (e.g., loss of ECCS recirculation capability); or instrumentation failures which distort
the symptom picture.

Emergency operations guidelines must provide guidance for both classes of emergencies. Thus, when
a reactor trip occurs or should occur, the operators can refer to guidance which will provide a saf:
response whether or not a symptom set is identified. EOGs written to treat specific syrnptoms are called
Optimal Recovery Guidelines. The EOG which provides guidance for undiagnosed events for which a
reactor trip is required is called the Functional Recovery Guideline.

Figure 1-2 illustrates the system of EOGs. The Standard Post Trip Actions is the entry point for the
EOGs. It is performed following all reactor trips (automatically or manually initiated). Its purpose is
to evaluate the status of each safety function and to provide immediate actions which can be quickly and
easily performed to improve the status of safety functions injeopardy. During and following the Standard
Post Trip Actions, diagnostic actions are performed to determine the symptom set corresponding to the
type of event in progress. Depending on the operators' ability to diagnose the event, they will then select
either an Optimal Recovery Guideline or the Functional Recovery Guideline.

The design of the EOGs recognizes that eventually in the course of an emergency it will become
necessary for the operator to specify what resources are available to continue to satisfy safety functions.
This is necessary because the operators must know what systems and equipment are available for use
either in continued operation or for taking the plant to COLD SHUTDOWN conditions. The system of
EOGs also recognizes the possibility of a misdirgnosis by the operators and makes provisions for
detecting and recovering from such misdiagnoses. If the operators have selected the FRG because they
cannot diagnose the event, the FRG provides action steps to bring the plant to a safe, stable condition.
Once the FRG has been implemented, the operator will continue within the FRG until the exit conditions
have been met. This is accomplished by satisfying the Safety Function Status Check acceptance criteria
for each success path in use and meeting the entry conditions of an approved procedure. This approved
procedure may be an applicable ORG. Naturally, the operators would start at the beginning of the
selected ORG to ensure that all the relevant actions have been or are being taken.

Each ORG contains a section which requires the operator to confirm the diagnosis and continually review
the status of all safety functions. This section is called the Safety Function Status Check. If the diagnosis
is not confirmed or if the safety function acceptance criteria are not met, the operators then evaluate the
need to implement the FRG. Thus, if the symptoms are not responding to treatment as anticipated or if
the core is not being adequately cooled, the ORG may be exited and the Functional Recovery Guideline
implemented. ,

Natural phenomena and other disasters are implicitly addressed in this system since all of the possible
consequences of such phenomena (e.g., break in RCS pressure boundary, loss of vital auxiliaries) which3
affect the NSSS are addressed explicitly. Even if such phenomena result in multiple, major

k consequences, the FRG will provide systematic guidance for managing such a casualty. Therefore, since

ADAt Emergency operstms Gwdehnes Page 14
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it is not possible to predict in advance what the consequences to the NSSS would be for a tornado or an
aircraft crash, and since all possible consequences are covered by the EOGs, these phenomena need not
be explicitly addressed. Plant specific procedures exist for managing non-NSSS systems and equipment
in the event of certain natural phenomena or man-made disasters.

The System 80+ EOGs are designed as the basis for emergency operating procedures which provide
guidance for operating the NSSS to mitigate emergency events. Guidance is provided for operating
equipment which is closely associated with but not part of the NSSS (e.g., the turbine generator). This
is in recognition of the existence of vital non-NSSS equipment and systems at each plant (i.e., balance
of plant) which are important to overall plant control. The guidelines are written in a twxolumn format
and do not go into greater detail than system level information. This preserves their generic nature.
Each utility can write emergency operating procedures in a format which is most useful to them.

Guidance for the management of degraded core conditions is not included in these guidelines.

O

O
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1.3.2 Safet) Functions j

1.3.2.1 The Concept of Safety Functions

The concept of safety functions introduces a systematic approach to plant operations based on a hierarchy
of protective actions. The protective actions are directed at mitigating the consequences of an event and,
once fulfilled, ensure proper control of the event in progress. A safety function is defined as a condition
or action that prevents core damage or minimizes radiation release to the public. A complete set of safety
functions needs to be fulfilled to ensure proper operator control of the event and public safety. The
actions which ensure fulfillment of a safety function may result from automatic or manual actuation of
systems, from passive system performance, from natural feedback inherent in the plant design, or when
the operator follows guidance established in an event recovery guideline. The operator does not have to
know what event has occurred but does have to know what success paths are being utilized and what
acceptance criteria must be satisfied.

- All safety functions are directed at mitigating an event and containing and/or controlling radioactivity
,

releases. These safety functions can be grouped into four major classes as follows: !

1. anti-core melt safety functions |

2. containment integrity safety functions

3. indirect radioactive release safety function
s

4. maintenance of vital auxiliaries needed to support the other safety functions

The anti-core melt safety function class contains five safety functions: |

1. reactivity control

2. RCS inventory control

3. RCS pressure control

4. core heat removal

!

5. RCS heat removal

The purpose of the first anti-core melt safety function, reactivity control, is to shut down the reactor and i
'

to keep it shut down, thereby reducing the amount of heat generated in the core. The purpose of reactor
coolant system (RCS) inventory and pressure control is to keep the core covered with an effective coolant
medium. RCS inventory and pressure control are interdependent in a PWR design. That is, actions taken I

to effect inventory control will affect pressure control and vice versa. The purpose of the fourth anti-core
melt safety function, core heat removal, is to remove the decay heat generated in the core and transfer
it to a location where it can be removed from the RCS. The fifth anti-core melt safety function is RCS
heat removal. The purpose of this safety function is to transfer heat from the primary system coolant to :

another heat sink. I

)J

|
1
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The containment integrity safety function class contains three safety functions: j

1. containment isolation .

!
1

2. containment temperature and pressure control 1

.

3. containment combustible gas control

The primary objective of these safety functions is to prevent major radioactive release from the
containment by maintaining the integrity of the containment structure. Accomplishing the first safety
function, containment isolation, assists in maintaining containment integrity by ensuring that all normal
containment penetrations not required to be open for accident mitigation are closed. The purpose of the
containment temperature and pressure control safety function is to prevent overstressing the containment
structure and to prevent damage to other equipment in the containment resulting from a hostile
environment. The purpose of the combustible gas control is to prevent containment overstrees caused ;

by explosion of hydrogen gas inside containment.

The third safety function class has one safety function associated with it: indirect radioactive release. The
purpose of indirect radioactive release control is to prevent radioactive releases to the environment
(gaseous, solid, and liquid, including radioactive coolant) from sources outside containment. These
sources include the spent fuel pool and the radioactive waste handling and storage facilities. The systems
used to control releases from these sources include the radiation monitoring system, the spent fuel pool
cooling system, and the waste management and processing systems. In mitigating the types of
emergencies for which this document provides guidance, the indirect radioactive release safety function
does not come into play. Consequently, operator actions necessary for control of the indirect radioactive
release safety function are not provided in this document.

The fourth safety function class also includes only one safety function: maintenance of vital auxiliaries.
The systems used to accomplish the eight other safety functions addressed in this document are all
supported by the maintenance of vital auxiliaries safety function. In general, support systems provide
service such as instrument air needed for opening and closing valves, electric power for valve operation,
pump motor operation, and operating instruments and an ultimate heat sink to which RCS and core heat
can be transferred. Of greatest impact to the operator actions associated with the EOGs is vital AC and
DC power. AC and DC power must be maintained in order to continue to satisfy the acceptance criteria
of the other safety functions.

1.3.2.2 Safety Function Ilierarchy

The safety function concept incorporates a principle of safety function hierarchy. Some safety functions
have precedence over others concerning their sequence of implementation during an event. Figure 1-3
summarizes the hierarchy of safety functions.

Reactivity control is the most important safety function since it responds most quickly to changes in plant
conditions. Similarly, RCS inventory control must be satisfied before core heat removal can be effected
(i.e., there must be a medium to remove heat) and, in general, loss of inventory can occur within a
shorter time frame than that required for core b'.:at removal. This hierarchy concept is important in the
design of systems used to fulfill each function and has also been employed in developing the emergency
operations guidelines.

ADM - Emergency operstmas Gwdennes Page 1-8
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n
( All of the emergency operations guidelines identify each of the 9 safety functions (in the hierarchy of

Figure 1-3) and the acceptance criteria which reflect accomplishment of each of the safety functions. The
'

safety functions are provided as a complete set so that the operator can monitor and control the plant to
protect the health and safety of the public. Application of the concept of safety functions in a restructured
format is acceptable as long as: (1) the representation contains actions and acceptance criteria necessary
to control and fulfill the nine (9) individual safety functions; (2) it is consistent with the safety function
hierarchy of the System 80+ EOGs, and (3) the ultimate goal of protecting the health and safety of the
public is preserved. Figure 1-4 shows various arrangements of the safety functions, with each level
representing another means of ensuring that the ultimate goal is preserved.

Each level, consisting of a rearrangement or combination of safety functions can achieve the same goal
as the set which contains each safety function individually. This safety function subset or rearrangement
may be enhanced by use of a particular control room operator aid, such as a CFMS, SPDS, etc.

Because safety functions are a complete set of actions or conditions which will provide for the safety of
the public, they form the foundation of all emergency operations guidelines. In the Optimal Recovery
Guidelines (ORGs), specific events such as LOCA or Excess Steam Demand Event (ESDE) are
addressed. Because each event affects diverse parts of the plant, proper mitigation of different events will
emphasize different safety functions. For example, in a major LOCA, RCS Pressure Control and RCS
Inventory Control are the two safety functions of immediate concern. Therefore, the operator actions are
sequenced to achieve control of these two safety functions first by using equipment designed for that
purpose. Nonetheless, since all safety functions must be fulfilled to provide for the safety of the public,
each ORG addresses all of the safety functions. In preparing emergency operations guidelines, the nine

pb safety functions are used to audit the guideline to ensure that sufficient action steps exist to cover all
safety functions. Each ORG includes a safety function status check which is used by the operator to
continually determine whether the safety functions are being adequately fulfilled. I

The Functional Recovery Guideline (FRG) is used by the operator when a diagnosis is not possible, when
the Optimal Recovery Guideline being utilized is not adequate (as judged by the safety function status
check in each ORG) or when the guideline in use is inappropriate. The FRG's structure includes an
expanded version of the safety function status check which is used by the operator to continually check
the status of each safety function. For those safety functions which are found to be in jeopardy, possible
success paths are provided along with operator actions for implementing each success path and acceptance
criteria by which successful safety function restoration is judged. For this guideline the safety functions
form the main structure of the guideline.

1.3.2.3 Success Paths

Nuclear power plants are designed such that each safety function has multiple means of fulfillment. In
other words, for each safety function there exists more than one system or means of fulfillment called
success paths. For example, Reactivity Control can be achieved by insening control rods or by i

increasing RCS boron concentration. With respect to the latter, there are several methods of increasing
RCS boron concentration. It is important that the operator be aware of the various success paths
associated with each safety function.

During any emergency event, the operator needs information on plant conditions. This monitoring of
plant conditions leads to identification of the safety functions in jeopardy and the systems available to(g) satisfy the safety function acceptance criteria. The EOGs clearly indi: ate the alternate means of satisfying )

U each safety function by providing success path oriented guidance.

|
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REACTIVITY COhTROL

MAINTEhsECE OF VITAL AUXILIAWIFR (AC AND DC POWER)

RCS INVENTORY CONTROL

RCS PRESSURE CONTROL

CORE HEAT REMOVAL

RCS HEAT REMOVAL

CONTAINMENT ISOLATION

CONTAINMENT TEMPERATURE AND PRESSURE CONTROL

CONTAINMENT COMBUSTIBLE GAS CONTROL

|:

Safety Function liierarrhy Figure I-3
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1.4 Principles of EOG Development h
In the course of the development of the EOGs, certain principles were developed to ensure that the final
products conformed to generally acknowledged rules for operational guidance, and that the rationale for
the overall EOG system was preserved. The following three sections describe and explain these
principles.

1.4.1 Principles of Standard Post Trip Actions

The purpose of the Standard Post Trip Actions is to provide the entry point for all EOGs. An emergency
is dermed as any off-normal event which either automatically actuates a reactor trip or requires a
manually initiated reactor trip (RT) to properly mitigate the event. This definition is consistent with the
NUREG-0899 dermition and with :ndustry operating practice. This EOG contains a check of safety
functions against acceptance criteria, along with contingency actions which can be performed to restore
those safety functions in jeopardy. The Standard Post Trip Actions actually serve three purposes:

1. All safety functions are checked against acceptance criteria to give the operator a complete status
regarding plant conditions and safety. The acceptance criteria are chosen to be easily accessible
from the control room panels and to require no interpretation or interpolation by the operator.

2. The check of safety functions provides the operator with objective decision criteria as to whether
action is required in the short term to restore plant safety. This permits crisp, reliable decision
making and precludes unnecessary operator action.

3. As further explained below, the check of safety functions discriminates between an uncomplicated
reactor trip (e.g., one caused by technician error) and other more complex events. The safety
function acceptance criteria are chosen to be consistent with the plant conditions which would
prevail only in the short term after a simple and uncomplicated reactor trip. Thus, if there are
other failures which require attention, the acceptance criteria will not be satisfied, signaling that
more than a simple RT has occurred.

The Standard Post Trip Actions are presented in a format chosen for ease of presentation and
understanding. The relationship of safety function to acceptance criteria to contingency actions is
immediately apparent. The safety function assessment and accompanying contingency actions are
prioritized according to two factors. The first factor is the importance to safety in terms of the
consequences of not fulfilling that safety function and in terms of the time associated with that s:fety
function. Thus, Reactivity Control is the first priority since shutting down the reactor is of foremost
importance and reactivity responds very quickly. The second factor in prioritizing operator actions relates
to the natural order of steps in the control room. Since reactor trip nd turbine trip are generally
interlocked and since a turbine trip quickly results in automatic rearrangement of the electrical distribution
system, and also since electrical power is a prerequisite to almost all other actions, it is important to
check the status of electrical power early in the sequence of actions. This has been confirmed in
workshops, simulator experiments, and operator interviews.

It must be stressed that the Standard Post Trip Actions (SPTAs) EOG contains the only immediate actions
in the entire system of EOGs. This is an acknowledgement of the immediate actions which are performed
by operators following any reactor trip and standardites a safety function based approach to any event
which causes a teactor trip. The latter is most important since the entire EOG system it designed to
institute a functional approach to casualty management. The SPTAs clearly reflect this intent.
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[) Additional principles which were adhered to during the development of the SPTA EOG are:
v

* The statements are clear and concise to facilitate memorization by the operator.

* The statements are prioritized.

* Multiple action statements are avoided.

Contingency actions are clearly identified with the contingencies spelled out.*

* Cross referencing to other guidelines is minimized.

The level of detail in the Standard Post Trip Actions guideline is consistent with the other EOGs and with
the intent of providing generic guidelines. The hvel of techni:al information extends to the system level
only. Action statements are sufficiently detailed to indicate the system (s) to be used, including any
important supporting systems, but do not provide detailed, step by step guidance for starting or stopping
systems or components.

1.4.2 Principles of Optimal Recovery Guidelines

1.4.2.1 Optimal Recovery Guideline Structure

Optimal Recovery Guidelines (ORCS) are those guidelines written to address specific symptom sets. In

n order to minimize the number of guidelines, and thereby avoid operator confusion, those events which

() are difficult to distinguish from each other in the short term (e.g., inadvertently opened atmospheric steam
dump valve and steam line break) or which have similar effects on the NSSS over time are grouped into
classes of events. The classes of events considered are:

1. Reactor Trip (RT)

2. Loss of Coolant Accident (LOCA)

3. Steam Generator Tube Rupture (SGTR)

4. Excess Steam Demand Event (ESDE)

5. Loss of All Feedwater (LOAF)
.

6. Loss of Offsite Power (LOOP)

7. Station Blackout (SB)

Differences between the set of ORGs and the plant specific set of optimal recovery procedures (ORPs)
are permitted, as long as all of the cbsses of events coven:d in the ORGs are covered in the ORPs (e.g.,
Loss of offsite power events could be covered in a Loss of Forced Circulation operations; or the LOOP
and Station Blackout ORGs could be combined in an Electrical Emergency operations).

q
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Each ORG consists of the following sections: ,.

1. Purpose

2. . Entry Conditions

3. Exit Conditions

4. Operator Actions

5. Supplementary Information

6. Safety Function Status Check

7. Bases

Purpose

The purpose section provides a brief statement of the condition (s) for which the subject guideline is
intended to be used and defines what the guideline is intended to accomplish.

Entry Conditions

Entry conditions re chosen to reflect those conditions which are most likely to exist following the reactor
trip and which refir ~ s trends which may exist for some time into the event. The entry conditions ;

section contains parameters and indications which an operator is expected to utilize in identifying and
confirming the event. These conditions were written with the following points in mind:

iPriority is given to conditions which appear first during the initial phases of an event or which*

are most important with respect to associated consequences. ;

Indications listed are readily available to the operator. For example, pressurizer level is used*

instead of RCS inventory since pressurizer level can be read directly and RCS inventory must be
derived.

If several indications are available for the same symptom, the best indication has been selected*

and used.

Exit Conditions

Exit conditions are written to explicitly identify the conditions which must exist before the operators leave
the emergency operations guideline. In general, the EOG should be exited if either: 1) an inappropriate
procedure has been implemented, or 2) the EOG has met its goals.

An inappropriate EOG may have been implemented if the event was misdiagnosed. A misdiagnosis may
be identified by using the break identification chart, by not satisfying the acceptance criteria of the Safety
Function Status Check, or by other available indications. In this case, the operators should exit that EOG
and implement the appropriate ORG or the FRG. It is also possible that the event was correctly
diagnosed, but additional failures beyond the scope of that ORG have occurred. This should be identified
by a failure to meet one or more of the Safety Function Status Check acceptance criteria. In this case,
the operators should exit that ORG and implement the FRG.

ADM Eneerporwy operatens Guictehnes Pope 1 14
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[} The operators should also exit the EOG once the goals of the EOG have been met. Once the event has
been mitigated, and the plant is stable, the appropriate operating operations should be used. In mostv

cases, this will be a (non-emergency) operating procedure such as COLD SHUTDOWN or HOT
STANDBY. In some cases, plant corxiitiom may require that the operating procedure be modified.
These modifications should be provided by the [ Plant Technical Support Center or Plant Operations
Review Committee] prior to exiting the EOG.

Operator Actions

The operator actions section provides the operator with event specific guidance starting at the point at
which the Standard Post Trip Actions leave off. This guidance is provided with instructions and
appropriate contingency actions. Operator actions also contain more explanation and cover a greater
range of possible failures and alternative actions. Thus, operator actions for a particular event diverge
from those for other events. The purpose of the operator actions section is to provide steps which would
place the plant in a safe, stable condition, permit problems to be corrected, and allow recovery operations
to commence. Depending on the event, the final plant condition could be HOT STANDBY, HOT
SHUTDOWN, or COLD SHUTDOWN.

In appropriate places, the primary success path plus any alternative success paths for accomplishing the
intended safety function are included in the operator action steps. Where more than one success path is
provided, the order of preference is indicated.

The operator actions section consists of those actions required to place the plant in a configuration from

p which either recovery can be accomplished or a long-term shutdown can be achieved. This section was

U' written with the following points in mind:

1. The statements are clear and concise to avoid confusion.

2. The statements are prioritized.

3. Multiple action statements are avoided.

4. Contingency actions are clearly identified.

5. If more than one equally acceptable action sequence exists, the simpler one is stated.

6. Cross referencing to other operations is minimized.

7. Action statements are provided in a twxolumn format to reflect how EOPs are typically
implemented.

8. Action statement content is limited to system level information. This is consistent with the intent
of providing generic guidance and is sufficient to ensure accurate implementation in plant specific
operations.

9. The completion of operator actions results in a plant condition which allows recovery operations
to commence (i.e., return to operation, repair, clean-up, etc.).

>

U 10. Alternative success path actions are provided.

ADet * Emergency operabans Guic%nes Pope 1 15
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11. Steps that remain applicable or that require specific plant conditions are marked with an asterisk.
This asterisk refers the operator to the footnote, " Step Performed Continuously". The designation
is intended as an operator aid and a cue to frequently refer to these steps as they can optimize
plant recovery.

Charts and diagrams are utilized in the EOGs. Charts and diagrams quickly and accurately deliver a
large amount of technical information without the need to read long explanatory narratives and are
intended to be implemented in plant specific operations as appropriate.

Charts and diagrams were developed with the following points in mind:

1. Each figure, table, or chart has a title.

2. Axes on graphs are clearly labeled.

3. Explanatory notes on graphs and figures are kept to a ruinimum.

4. In general, a left to right, top-to bottom flow is followed.

5. Figures and graphs are uncluttered and legible.

6. The purpose or intention of the graph or figure is immediately apparent to trained personnel.

7. Units of measurements are clear.

Supplernentary Information

The supplementary information section contains items which should be considered when utilizing the
EOGs to implement plant specific EOPs. The items should be written as precautions, cautions, or notes
in the EOPs and included in the EOP training program.

Safety Function Status Check

Each Optimal Recovery Guideline (ORG) has its own Safety Function Status Check (SFSC) which must
be used whenever an ORG is in use. The purpose of the SFSC is to continually verify the status of safety
functions. This is accomplished by comparing control board indications to safety function acceptance
criteria tailored for each class of event. By satisfying the SFSC acceptance criteria, the operating staff
is assured that the actions being taken are maintaining the plant in a safe condition. On the other hand,
if SFSC criteria are not satisfied, the operators are promptly alerted to the situation. In this case the
operators will take corrective actions to satisfy the safety functions, implement another ORG, or exit to
the Functional Recovery Guideline. The SFSC is designed to be used by the Shift Supervisor, Shift
Technical Advisor, or other person available to provide an independent assessiaent of the status of safety
functions.

Bases

Each guideline contains a bases section. The bases section is a dialogue between the emergency
operations guideline writer and the emergency operating procedure writer. It is not intended that the
bases appear in the detailed, plant specific EOPs but rather that it be used in preparing EOPs and in
operator training. The guideline preparer can draw upon a large amount of information on the event
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( including plant data, licensing analysis, realistic transient analysis, incident reports, sequence of events
diagrams, and operating experience. The bases presents a condensed form of this information for the'

EOP writer and the operators. There is sufficient detail in the explanations without burdening the
operators with specific analytical data.

|

The bases section provides technical information that increases the operators' ability to identify the event,
to understand the plant response to an event, and to understand the reason for the corrective actions
specified. The following points are addressed in the bases section:

1. A brief overview of the event is presented.

2. The general characteristics and possible causes of the event are discussed.

3. The potential effect of the event on the reactor, plant equipment, and the environment is noted.

4. The bases section includes a detailed discussion of the range and trend of plant responses to an
event or class of events. The following list contains examples of the significant plant parameters
that are considered:

Reactor Power
RCS Temperature
Presse-izer Prescure
Prescrizer Level

O Steam Generator level
'O Steam Generator Pressure

Reactor Vessel Inventory

5. Trending of key parameters that can be used ts valuable aids in diagnosing the event and in
determining its severity is explained. These are parameters (such as those listed in 4 above)
which operators frequently evaluate during an event.

6. The bases section describes the objective of the recovery actions (automatic and manual) taken
in response to the event, and why these actions are taken (e.g., which safety function (s) is
affected). The bases section corresponds step by step to the guideline steps.

7. The immediate and long range goals of the actions (i.e., strategy) of each guideline are explained.
Each bases section contains a set of strategy charts which pictorialize the sequence of guideline
goals for that event and which identify the steps that correspond to the strategy goals.

8. Preferred and alternate success paths to accomplish essential functions are included.

9. The basis for the Safety Function Status Check (including the acceptance criteria chosen for each
safety function) is explained.

1.4.2.2 Use of ORGs

Optimal Recovery Guidelines (ORGs) are used to treat specific symptom sets which are identifiable orn
(") diagnosable by the operators fol;owing a reactor trip. Each ORG is designed to accommodate minor

concurrent failures which do not present major complications (e.g., failure of the automatic pressurizer
level control system). The Standard Post Trip Actions are performed before an ORG is implemented.

ADM - Emergency operatens Gwdnenes Pope 1 17
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If a specific symptom set can be identified, the operators will then implement the appropriate ORG. The
goal of the recovery actions is to place the plant in a safe, stable condition.

The emphasis in the Optimal Recovery Guidelines is on treatment of a set of symptoms according to an
optimal strategy, as contrasted to treatment of a specific event. One of the first recovery actions will be
to assess the safety functions against specific acceptance criteria using the Safety Function Status Check.
This serves a dual purpose. First, it is a check to verify that all safety functions are being satisfied.
Second, it provides a means of verifying that the initial diagnosis was correct. This essential feature
provides a correction process. If the guideline in use is adequately treating the symptoms, then the
treatment is continued. If the treatment is inadequate, either because new information (symptoms)

f
appears that is not covered in the guideline, or because the observed symptoms are not properly
responding, each ORG has a step which requires the operators to exit the ORG and to implement thei

| FRG. The checking process using the Safety Function Status Check continues as long as the guideline
is in use. This is the way the EOG system manages multiple, significant failures, or misdiagnosed or
undiagnosable symptom sets. The FRG is designed to provide guidance for managing any event which
results in or requires a reactor trip.

Operator actions are selected and sequenced to address all safety functions in their order of importance
to treating that symptom picture. Where appropriate, contingency actions are included for use when
primary success paths have not been successful. Each ORG has two types of strategy charts included in
the bases section which pictorially depict the intended strategy for managing the event. One chart
indicates the fundamental strategy being applied for event recovery and the second is a more detailed
chart which correlates the guideline steps to each strategy element.

1.4.3 Principles of the Functional Recovery Guideline

1.4.3.1 Functional Recovery Guideline Structure

The Functional Recovery Guideline (FRG) is the EOG implemented following a reactor trip in which the
event cannot be diagnosed by the operators. It may also be implemented for cases where the operators
have initially selected an ORG but subsequently discov: red that they had misdiagnosed the event or that
the ORG was not adequately maintaining safety funedons.

The FRG consists of the following sections:

1. Purpose

2. Entry Conditions

3. Exit Conditions

4. FRG Entry Operations

5. Figures

6. Safety Function Status Check

7. Recovery Guideline Operator Actions

ADAt - Emergency Operabons Guidehnes Page 1 18
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I8. Bases '

9, Long Term Actions
,

Purpose i
|

.The purpose section provides a brief statement of the condition (s) for which the Functional Recovery |
Guideline is intended to be implemented and defines what the guideline is intended to accomplish. j

:\
!Entry Conditions
;

Entry conditions are chosen to identify those conditions which will necessitate implementation of the !

FRG. Following the performance of the SPTAs, the operator may not be able to diagnose one unique i

event taking place. This could happen if more than one event is taking place (multiple casualties) or a i
condition exists for which abnormal or emergency guidance cannot be identified. During the course of j

' the event, actions taken in an ORG may not satisfy the Safety Function Status Check acceptance criteria. :}
| Implementation of the safety function based FRG would then be evaluated. ;

,

t

Exit Conditions |

i
The FRG exit conditions are written to identify the conditions which must exist before the operators leave t

the FRG. In general, the FRG should be exited when;
i

'l. . The acceptance criteria for all success paths in use are being satisfied, j
i

!
2. An appropriate, approved procedure to implement exists or has been approved by the [ Plant |

Technical Support Center or the Plant _ Operations Review Committee]. :
'

i

FRG Entry Operations .|

This section is the entry point for the Functional Recovery Guideline and basically functions as an outline. I
It directs the operator to perform specific actions to enhance the operators' ability to monitor plant status ;

and maintain the plant in a safe condition. Implementation of the Long Term Actions is directed when
Safety Function Status Check acceptance criteria are satisfied and appropriate operator actions for all
success paths in use have been performed,

'

Figures
,

I

Figures are utilized in the Functional Recovery Guideline to quickly and accurately deliver a large amount i

of technical information without the need to read long explanatory narratives. The figures utilized in this I
section of the FRG include: j

i

' *: Post Accident P-T Limits

- " ' " ' " ' * ' ' ' " " ' " ' ' 'O
< 1

i
'
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* SIS Flow vs. Pressurizer Pressure

* Condensate Inventory Curves

Safety Function Status Check

The Safety Function Status Check (SFSC) is used to assess the status of each safety function. The SFSC
is structured to aid the operator in the selection of appropriate actions which will restore those safety
functions in jeopardy. Since safety functions are a complete set of the actions or conditions which will
provide for plant and public safety, an EOG which provides guidance to satisfy the acceptance criteria
of all safety functions will ensure plant safety. The FRG is written to detect safety functions which do
not satisfy their acceptance criteria and to provide recovery actions to satisfy the acceptance criteria of
all safety functions.

The FRG Safety Function Status Check lists the safety functions which must be checked during an
emergency. This list differs slightly from that in the Optimal Recovery Guidelines. RCS Heat Removal
and Core Heat Removal are combined in the FRG because the success paths used to achieve these two
safety functions are virtually the same. Also, since the acceptance criteria and operator actions associated
with each of these success paths are identical, it makes sense to combine the safety functions to eliminate ,

the redundancy of listing each separately. |

RCS Inventory Control and RCS Pressure Control reflect the two possible trends of the monitored
parameters and the different success paths and acceptance criteria associated with each (high and low
conditions).

The SFSC lists the success paths associated with each safety function. Listing the success paths permits
the operator to select the safety function acceptance criteria appropriate to the success path in use. For
any given safety function, the appropriate acceptance criteria to use are those associated with the highest
umbered success path on the list which is in use. After performing the Standard Post Trip Actions and
attempting event diagnosis, the operator will be aware of what equipment is running and which success
paths are in use. All possible success paths are listed for each safety function. This feature requires that
there be some redundancy between the Standard Post Trip Actions and the Functional Recovery i

Guideline. Because some of the success paths and their methods of use may be plant specific, a
somewhat redundant listing will permit utilities to arrange this information in a fashion most suitable to
them in their plant specific emergency operating procedure. ]

The Safety Function Status Check also contains the acceptance criteria for each success path. The
acceptance criteria are organized such that each success path has its respective acceptance criteria next l

to it. The acceptance criteria are selected to define minimum acceptable system conditions for that ,

success path.
1

Similar to each ORG, the FRG Safety Function Status Check could also be used by a shift supervisor, i

shift technical advisor or comparable person to provide an independent assessment of the status of safety |
functions. It is also used to continually verify the adequacy of safety functions. This review is I

accomplished anytime the FRG is in use,
l
.

O
;
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Recovery Guideline Operator Actions

Each success path recovery guideline provides guidance on the implementation of that success path. 1
These operator action guidelines are numbered according to the function they serve. For example, HR-2 ' )
is the second recovery guideline associated with RCS and Core Heat Removal. |

|

Each success path recovery guideline has the following structure:

1. Name and number of the guideline

2. The operator action steps for that success path

3. The acceptance criteria for that success path i

4. Supplementary information for use of that success path

!! is important in using the FRG that the success path recovery guidelines be used because information
located only there may alert the operator to possible misuse of a success path or to a condition which may
lead to a defeat of that success path. ,

Bases
,

!

The bases section for the FRG serves the same purpose as the bases section for Optimal Recovery ,

'

O Guidelines (ORGs) and follows a similar format. The bases describe in detail the rationale for the
guidance provided in the FRG.

.

Long Term Actions
!

The lamg Term Actions section of the FRG is designed to ensure that the operator continues to
periodically verify the adequate maintenance of safety functions, assess the status of the plant, implement
the appropriate ORG if conditions warrant, and determine the necessity, feasibility, and/or urgency to
perform a cooldown to COLD SHUTDOWN conditions.

I.4.3.2 Use of the Functional Recovery Guideline (FRG) j

The following gives a brief description of how to use the Functional Recovery Guideline:
'

The Standard Post Trip Actions (SPTAs) are performed prior to entry into the FRG. The FRG may be
entered directly after completion of the SPTAs if a diagnosis is not possible. The FRG might also be i

entered from an ORG if an ORG had been initially selected by the operator but was subsequently found '

to be inadequate. The Safety Function Status Check in each ORG is the primary means used to judge
this adequacy. If the safety function acceptance criteria are not satisfied at any time, then the operator

!is directed to evaluate the need to implement the FRG.

The entry point for the FRG is the FRG Entry Operations. The operator reviews the status of all safety !
functions by checking control board indications against the acceptance criteria for the success paths in i

use, For each safety function, the acceptance criteria for the highest numbered success path in use are,

#

the appropriate acceptance criteria to use. For example, if RCS Inventory Control is the safety function i

in question and success paths 1C-1 (CVCS) and IC-2 (SIS) are both currently in use., the acceptance
criteria for success path IC-2 must be satisfied. This would continue to be true until the SIS was secured

i
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and the CVCS was the sole success path in use. The operator notes which safety functions do not meet
their appropriate acceptance criteria. These safety functions are in jeopardy. Note that the acceptance
criteria for the first success path for each safety function generally correspond to the symptoms of an
uncomplicated reactor trip.

Then. !>eginning with the first safety function which is in jeopardy, the operator reviews the success paths
provided for that safety function to ascertain the availability of resources. The operator reviews each
success path to determine its availability and whether or not it is already operating. If it is operating, the
operator checks the acceptance criteria to see if the safety function acceptance criteria are now being
satisfied. If the safety function acceptance criteria are satisfied, the operator goes on to the next safety
function injeopardy. If the success path is required to be operating, and is not operating but is available
(as indicated by meeting the component or condition limits noted on each success path), the operator
implements the recovery guideline referenced for that path. If the acceptance criteria associated with that
success path are now satisfied, the operator goes on to the next safety function in jeopardy. If the
acceptance criteria are still not satisfied, the operator goes to the next success path to the right on the tree
and continues implementing success paths until the safety function is satisfied. It is possible, and
desirable in many cases, to use more than one success path at a time. Even if more than one success path
is in use, the acceptance criteria by which the fulfillment of the safety function is judged are those for
the highest numbered success path in use.

If all of the success paths for a safety function have been implemented and none of their respective
acceptance criteria are met, then the operator refers to the '' Continuing Actions" section. The operator
is required to continue to work on this safety function and to pursue other jeopardized safety functions
simultaneously.

Once all safety functions have been satisfied and appropriate Operator Actions for all success paths in use
have been performed, the operator goes to the Long Term Actions to attempt to evaluate plant status,
determine a diagnosis and decide on future actions.

Concurrent with taking steps to restore jeopardized safety functions, the control room team is using the
FRG Safety Function Status Check to continually review the status of safety functions. As the event
progresses and/or as new success paths are available, the operator may have to shift to the new
acceptance criteria which correspond to these success paths. This periodic review may reveal that a
safety function is in jeopardy and requires further operator action.

O
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This guideline provides the immediate operator actions which must be accomplished after an automatic
or manually initiated reactor trip. These actions are necessary to ensure that the plant is placed in a

- stable, safe condition or that the plant is configured to respond to a continuing emergency. This is the
entry guideline for the entire Emergency Operations Guidelines (EOG) system. This guideline provides
technical information to be used by utilities in developing a plant specific procedure for the System 80+
plant.

Entry Conditions

Any symptom (s) of a Reactor Trip

1. Any Reactor trip alarms

2. CEA bottom lights on

3. Rapid decrease in reactor power

4. Reactor trip circuit breakers open

5. RPS trip serpoint exceeded

Exit Conditions

1. ALL INSTRUCTION steps of the Standard Post Trip Actions have been performed and all safety
function acceptance criteria are verified to be satisfied (implement Reactor Trip Recovery ORG).

|

!2. ALL INSTRUCTION steps of the Standard Post Trip Actions have been performed, all necessary
CONTINGENCY ACTIONS have been performed, and more than an uncomplicated reactor trip !

lhas occurred (implement Diagnostic Actions),

i
)

4V
1
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Instructions Contingency Actions

1. Perform the following steps to verify 1. E any acceptance criteria are NOT

all safety function acceptance criteria satisfied, Then perform the appropriate

are satisfied. contingency actions.

REACTIVITY CONTROL |

2. Yrrify reactivity control is established 2. If reactivity control is NQI
by the following: established,Ih_tB do the following as

necessary:

a. Manually trip the reactora. Reactor power decreasing

add

b. Negative startup rate b. Open the reactor trip breakers

RDd

c. Maximum of one CEA EQI c. Use Alternate Protection

fully inserted. System to open the CEDM
Motor Generator Output
Contactor. 2

d. Deenergize the CEA motor
generator

c. H rnore than one CEA NQI
fully inserted. Ihsn borate the
plant in accordance with
Technical Specifications.

O
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MAINTENANCE OF VITAL AUXILIARIES
(AC & DC POWER)

'

Instructions Contingency Actions

3. Verify plant electrical power 3. U electrical power requirements are
requirements are satisfied by A[,L of FQI satisfied,Ihg1 do the following
the following: as necessary:

|

a. Main turbine tripped a. Trip the turbine

b. Generator output breakers open b. Open the generator output
breakers.

f

c. Non-safety load [13.8 KV] Bus c. If all Non-safety load [13.8
X energized KV) Buses are deenergized,

Illut inform the CRS that the
and event is complicated by a loss

of power.
Non-safety load [13.8 KV] Bus
Y energized

d. Non-safety load [4.16 KV) Bus d. If all Non-safety load [4.16

[9 X energized KV] Buses are deenergized, |

() Ihg1 inform the CRS that the |
add event is complicated by a loss ;

of power. i
Non-safety load [4.16 KV] Bus ;

Y energized

c. Permanent Non-safety Load e. If all Permanent Non-Safety |

[4.16 KV] Bus X energized Load Busses are de-energized,
THEN inform the CRS of the

and status of the Permanent Non-'

safety Load Buses.
Permanent Non-safety Load
[4.16 KV] Bus Y energized

f. i) Safety Bus A add C f. H AN_Y of the vital [4.16 kV] |
buses are N_OI energized, then |Qenercized via

,

Permanent Non-Safety start the emergency diesel <

Bus X generators and the alternate
AC source.

add
,

ii) Safety Bus B add D
energized via jg

y) Permanent Non-Safety
'

Bus Y

!
t
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MAINTENANCE OF VITAL AUXILIARIES
(AC & DC POWER)(Continued)

Instructions Contingency Actions

3. (Continued)

g. ALL vital [125V] DC and g. i) If [125V) DC and
[120V] AC buses are energized [120V] AC Safety

Buses A, C and

Division I F_QI
energized

91

ii) [125V] DC and [120V]
AC Safety Buses C, D,
and Division II blQI
energized,

THEN notify CRS of the loss
of a DC train.

O
RCS INVENTORY CONTROL

4. Verify RCS inventory control is 4. 1[ RCS inventory control is F_OIQ
established by the following: established,Ihen do the following as

necessary:

a. Pressurizer level: a. Verify proper operation of the
PLCS.

i) [2% to 78%]

alld

ii) trending [33% to 52%]

and

b. The RCS is subcooled. b. Take manual control of the
PLCS to restore and maintain
pressurizer level [33% to 52%]

O
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RCS PRESSURE CONTROL -

'

5. Verify RCS pressure control is 5. H RCS pressure control is F_QI'

established by pressurizer pressure: established,Ihtn do the fol|owmg as ;

necessary: ;
!

a. [2160 to 2370 psia] a. Verify proper operation of the
PPCS ;

d

b. trending to [2225 to 2300 psia] b. Take manual control of the
PPCS to restore and maintain
pressurizer pressure [2225 to |

'
2300 psia]

$

c. H pressurizer pressure
decreases to the SIAS setpoint,
Ihga ensure an SIAS is
initiated i

d. H pressurizer pressure
'
,

decreases to less than [1400
psia] following a SIAS,IhfD

O trip 2 RCPs (in opposite

V loops). ,

i

)

CORE HEAT REMOVAL )
!

6. Venfy core heat removal via forced 6. H forced circulation core heat removal
circulation by the following: is N_QIpossible IheD verify natural

circulation is developing by:

a. At least one RCP is operating a. Loop AT (Tu - T,) is less than
normal full power AT,

and

b. Tu - Te is less than [3'F] b. Cold leg temperatures constant
or decreasing,

add

c. The RCS is subcooled. c. The RCS is subcooled,

d. No abnormal difference greater j
I

than [10*F] between Tu RTDs
and representative CET
temperatures, j

f
(

|
i
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RCS HEAT REMOVAL

Instructions Contingency Actions

7. Verify RCS heat removal by the 7. a. H RCS T,,, > [562*F], Then
following: do the following:

a. At least one SG has level:

i) within the normal level i) Ensure main, startup or
band with maintain emergency feed is
level controlling or restoring

level to at least one
or SG.

ii) being restored by a ii) Ensure the turbine
Main, Startup or bypass system is
Emergency feedwater operating to control
flow RCS T,y, [551 to

562*F].
and

iii) H turbine bypass
system N_QI available,
Then use ADVs to
control T,,, [551 to
562*F]

b. RCS T,,, [551 to 562*F] b. H RCS T,,, < [551*F] then
do the following:

add
i) Ensure feed flow not

c. SG pressure [1050 to 1150 excessive. Control
psia] main, startup or

emergency feed flow as
necessary,

ii) H SG pressure <
[1000 psia], Then
ensure turbine bypass
valves, ADVs, and
MSSVs are closed.

iii) H SG pressure :s; [843
psia), Then ensure
MSIS ac*iraad and
conside~ FSDE.

O
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( CONTAINMENT ISOLATION ,

-
,

Instructions Contingency Actions

8. Venfy normal containment 8. H normal containment environment is '

environment by: F_QI indicated, Iban do the following .

as necessary:

a. Containment pressure less than a. H containment pressure is

[2 psig] greater than or equal to [2.7
psig],Ihfn ensure a CIAS -

add

b. No containment area radiation b. If Nuclear Annex radiation;

monitors alarming levels are at or above the'

alarm setpoint,IhfD consider a

80d LOCA outside containment. ,

c. No Nuclear Annex radiation c. If Reactor Building radiation ;
'

alarms. levels are at or above the
alarm setpoint, D.fD consider a

add LOCA outside containment.

p d. No Reactor Building radiation d. H Steam Plant radiatier. ievels
\ alarms. are at or above the alarm

add
'fserpoint,Illan consider SGTR.

'
e. No Steam Plant radiation

alarms.

CONTAINMENT TEMPERATURE & PRESSURE CONTROL

9. Venfy nonnal containment temperature 9. H normal containment tempetature and
and pressure parameters by the pressure parameters are N_QI

ifollowing: indicated,Ihc0 do the following as
Inecessary:

a. Containment temperature less a. Venfy All available

than [110*F] containment fan coolers !

operating

add
"

b. Containment pressure less than b. H containment pressure greater

[2 psig] than or equal to [8.5 psig], ;

Iht0 ensure at least one !

;h containment spray header is
delivering at least [5000 gpm]

I

*
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CONTAINMENT COMBUSTIBLE GAS CONTROL

10. Verify no expected increase in 10. If normal containment temperature and
containment combustible gas pressure parameters are NOT
concentration by the following: indicated, Then do the following as

necessary:

a. Containment temperature less a. Verify proper functioning of

than [110*F] all available containment
recirculation cooling units

a!Kl

b. Containment pressure less than b. Verify proper functioning of
[2psig] all available containment air

recirculation fans, including
the pressurizer compartment,
reactor compartment, and
CEDM cooling units, if they
are available.

11. ygnfy all safety function acceptance 11. If all safety function acceptance criteria
criteria are satisfied and the event is an are NOT satisfied, Then more than a

uncomplicated reactor trip,Ibsea uncomplicated reactor trip has
implement the Reactor Trip Recovery occurred and the Diagnostic Actions
Guideline. guideline must be implemented.

O;
;
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) Bases for Operator Actions

This is the entry guideline for the System 80+ EOG System. This guideline is used for any event which
actuates or requires a reactor trip. It is intended that the operator check each safety function and perform
the contingency actions if necessary. The acceptance criteria are selected from best estimate analysis to
reflect the range for each parameter which would be expected following a relatively uncomplicated reactor
trip. The recovery actions are selected to reflect the need to ve;!fy the actuation of automatic systems
and to perform appropriate post trip actions which will ready the plant to respond to any event.

1. Standard Post Trip Actions (SFTAs) are organized around those critical safety functions which
must be satisfied when a reactor trip is actuated or required, in order to ensure that the plant is
placed in a stable, safe condition er that the plant is configured to further respond to a continuing
casualty. In order to provide for tMs. the operator is given specific, unambiguous acceptance
criteria which can be evaluated without interpolation directly from the control room instruments.
These acceptance criteria are located under the " INSTRUCTIONS" heading. These criteria (and
the range of the numerical criteria) are chosen from best estimate analyses to bound the expected
conditions which would follow a relatively uncomplicated reactor trip. Thus, checking the
acceptance criteria serves two purposes: if the acceptance criteria are met, this serves as a
verification that the safety function is being fulfilled; second, meeting the acceptance criteria is ;

a diagnostic indicator (i.e., meeting all of the acceptance criteria implies that nothing more
serious than a relatively uncomplicated reactor trip has occurred). If the acceptance criteria are
not met, then this serves as a cue to perform the appropriate contingency actions located under
the heading of the same name. These actions are chosen to reflect the verification of expected

.Q automatic system responses and the usual, easy to accomplish actions which operators always take

V in response to a trip.

2. The Reactivity Control safety function is designed to ensure that the reactor is shutdown in order
to reduce heat input to the RCS. The Reactivity Control acceptance criteria are chosen to reflect
those reactor conditions which would prevail during the first ten minutes following a trip. No
more than one CEA stuck out is chosen as the cutoff point in the third criterion since it is a core
design criterion that the reactor will be shutdown even with the most reactive rod stuck out.
Contingency actions a) through d) are directed at inserting the CEAs. Contingency action e)
reflects the Technical Specification requirement to borate the RCS should more than one CEA
not be fully inserted.

3. Maintenance of Vital Auxiliaries is chosen as the next safety function to address since the
electrical system is essential to the continued fulfillment of succeeding safety functions. The
acceptance criteria reflect the automatic disconnect of the main turbine generator and the transfer
of power to offsite which should occur immediately upon a trip. Contingency actions are chosen
to remedy the failure of automatic system responses and to ensure that the emergency diesel
generators and the alternate AC source are available to supply AC power, if necessary.

4. RCS Inventory Control and RCS Pressure Control are next in order of priority due to their
importance to core cooling and their potential for rapid change. RCS Inventory Control is
intended to ensure an adequate amount of fluid is in a subcooled state to remove decay heat.
During a relatively uncomplicated reactor trip, the pressurizer will retain an indicated level
between [2% to 78%) (even though the pressurizer heaters may be deenergized briefly on low7

|d pressurizer level) which is acknowledged in the acceptance criteria. The upper limit of)
'

pressurizer level is based on avoiding solid water operations. The lower limit is based on having
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some water in the pressurizer. If the pressurizer level control system functions properly, level
in the pressurizer should be trending to [33% to 52%). Contingency actions are selected to
observe proper operation of charging and letdown by the PLCS. Failing that, manual control of
the PLCS or the charging and letdown is taken to restore and maintain pressurizer level [33 %

to 52%).

5. RCS Pressure Control relates to the maintenance of RCS fluid in a subcooled condition in order
to adequately remove decay heat. Best estimate analyses reveal that for a relatively
uncomplicated reactor trip, pressure will remain within the range of [2160 to 2370 psia). The
limits are adequate to ensure adequate RCS subcooling and to prevent the lifting of primary
safety valve. If the pressurizer pressure control system functions properly and pressurizer level
is above the heater cutoff setpoint, pressurizer pressure should be trending to between [2225 and
2300 psia). Contingency actions are directed at observing proper operation of pressurizer heaters
and spray by the PPCS. Failing that, actions are directed at restoring or maintaining pressure
[2225 to 2300 psia] with manual control of the PPCS or the pressurizer heaters and spray. If
pressurizer pressure decreases to or below the SIAS setpoint, SIAS should be initiated
automatically. If this does not occur, the operator should manually initiate SIAS. While
performing the Standard Post Trip Actions, the operator is instructed to trip two RCPs (in
opposite loops) if pressurizer pressure decreases to h .s than [1400 psia] following SIAS. A SIAS
is specified to distinguish between a controlled and an uncontrolled depressurization. If two
RCPs are tripped early in the event, the plant can be maintained in a safe condition regardless
of event diagnosis. This action provides the operator with maximum flexibility for plant control
while still ensuring a conservative approach to event recovery.

6. Core Heat Removal is related to circulating cooling fluid in a subcooled state through the core
to remove decay heat. The acceptance criteria assume RCPs are mnning (as they would be
following a relatively uncomplicated trip) thereby providing the small loop AT [< 3*F] expected
with decay heat. Subcooling is concerned with maintaining adequate fluid conditions surrounding
the core. Contingency actions are directed at removing heat via the steam generators using
subcooled natural circulation.

If all RCP operation is terminated and inventory and pressure are controlled, then natural
circulation is monitored by heat removal via at least one steam generator. Natural circulation
flow should occur within 5-15 minutes after the RCPs are tripped and, tims, may not be
established during the time frame in which the SPTAs are being performed.

Natural circulation is governed by decay heat, component elevations, primary to secondary heat
transfer, loop flow resistance, and voiding. Component elevations on the System 80+ plant are
such that satisfactory natural circulation decay heat removal is obtained by fluid density
differences between the core region and the steam generator tubes.

The operator has adequate instrumentation to monitor natural circulation for the single phase
liquid natural circulation process. The RCS temperature instrumentation, namely loop AT, can
be used along with other information to confirm that the single phase natural circulation process
is effective. The natural circulation process involving two phase cooling is complex and varied
enough so that RCS loop AT may not he a meaningful indication of adequate natural circulation
cooling. The guidelines are written to alert the operator to use explicit acceptance criteria for
natural circulation only when RCS inventory and pressure are controlled.
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'I The RCS Lei.mre response during natural circulation will usually be slow 5-15 minutes as
conipared to a normal forced flow system response time of 6-12 seconds, since the coolant loop q

cycle time will be significantly longer,
i

When single phase circulation is established in at least one loop, the RCS indicates all of the
following conditions: !

!
a. IAop AT (Tu - T.) less than normal full power AT, |

5
b. Cold leg temperatures constant or decreasing,

_

,

c. RCS at least subcooled (verifies single phase flow), ,

t

d. No abnormal differences between Tu RTDs and core exit thennocouples. Hot leg RTD I
Leisure should be consistent with the core exit thermocouples. Adequate natural ;
circulation flow ensures that core exit thermocouple temperatures will be approximately j

' equal to the hot leg RTD temperatures. 1

i

If the criteria listed above are not satisfied, then the operators should ensure that RCS pressure ;

and inventory, and SG steaming and feeding, are being controlled properly. |
1

7. RCS Heat Removal is next in priority because the parameters associated with it are concerned |
mostly with steam generators, which are the primary means of removing heat from the RCS.
Furthermore, steam generator level and pressure also have the potential for rapid change. 1

Instruction step a) is to ensure the presence of an operable steam generator for removing heat. j

The steam generator level may briefly transit below the narrow range steam generator level )
indication. Emergency feedwater flow will be inititated automatically from either the Plant -

Protection System or the Alternate Protection System on low steam generator level or can be
initiated manually by the operator. RCS average loop temperature (criterion b) in the range of
[551 to 562*F] is indicative that steam generators are adequately removing heat. Instruction Step
c) also ensures an operable steam generator for controlled removal of heat. The steam generator
pressure range given provides the expected range maintained by the steam bypass control system. ;

The upper steam generator pressure limit, [1150 psia) is below the MSSVs setpoint and the lower 1

limit, [1050 psia] would be indicative of an excessive cooldown. The contingency actions relate
to feed and or steam flow to the steam generator under one of two conditions:

a. RCS heat removal is HQI sufficient (RCS Tm > [562'F]) |

91 | 1

l

- b'. RCS heat removal is excessive (RCS T, < [551*F]) |
I

If RCS Heat removal is not sufficient (e.g., RCS Tm > [562'F] due to loss of condenser
vacuum), the operator is provided several items to check in order to re-establish RCS heat
removal. Feedwater must be supplied to at least one steam generator in order to ensure adequate
heat removal will be maintained. If the turbine bypass system is not functioning properly in
automatic, the operator should attempt to take manual control to restore RCS T to [551 tom

O 562*F]. If manual control of the turbine bypass system is not possible or condenser vacuum is
lost, then the atmospheric dump valves are operated to control T between [551 and 562*F].

Anar.smennener opemeene eumenmee treno noe 21s
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If RCS heat removal is excessive (e.g., RCS T < [551 *F] due to stuck open main steam safety
valves), then guidance is provided on how to mitigate this transient. The operator should ensure
that the feed rate to the steam generators is not excessive. Because decay heat and power history
will vary over core life, the operator must use judgement in feeding the steam generators. If the
refill rate is too fast, RCS temperature can easily be driven below the desired no load value. If
an overfeed condition is not corrected, pressurizer level may decrease to the point where the
pressurizer is drained and the safety injection system is actuated. Following a reactor trip, steam
generator pressure should increase to approximately [1150 psia), and a band of [1050 to 1150
psia) is specified in the acceptance criteria. If steam generator pressure decreases to less than
[1000 psia), then some system abnormality exists that should be investigated and corrected. The
limit of [1000 psia] was chosen because it is far enough below the turbine bypass system control
program to minimize unnecessary operator actions while still high enough to give the operator

*

time to find and correct the problem prior to a main steam isolation signal (MSIS). Possible
sources of the excessive heat removal (turbine bypass valves, ADVs, MSSVs) should be checked
shut or manually closed, if possible. If steam generator pressure decreases to or belew [843
psia), then an MSIS should be actuated. The operator should ensure this has occurred, taking
manual actions as necessary, and consider an ESDE when performing Diagnostic Actions.

8. Containment Isolation serves to ensure that radionuclides are contained inside the containment
building. The acceptance criteria are designed to ensure that a normal containment environment
exists. High containment pressure, (above the alarm setpoint [2 psig]) or radiation alarms in the
and steam plant, the Nuclear Annex and/or the Reactor Building are indications that more than
a relatively uncomplicated reactor trip has occurred. Contingency actions are designed to ensure
that the containment is isolated when necessary (CIAS occurs when containment pressure is
greater than or equal to [2.7 psig]) and that a SGTR is considered when performing Diagnostic
Actions if turbine building radiation alarms are obtained.

9. Containment Temperature and Pressure Centrol has as its goal the preservation of the
containment building boundary by preventing or minimizing pressure excursions. Since

containment temperature and pressure are not expected to change noticeably for a relatively
uncomplicated reactor trip, the acceptance criteria are selected to be sensitive to any change.
Contingency actions focus on restoring or initiating containment cooling either with the
containment cooling fans, with the containment spray system, or with a combination of these two
systems. If containment temperature and/or pressure have exceeded their expected values but
contairunent pressure is less than [8,5 psig], then the operator should verify that ALL available
containment fan coolers are operating. If containment fan cooler operation is not adequate to
maintain containment pressure less than [8.5 psig], then the containment spray system should be
actuated automatically. If containment pressure reaches [8.5 psig], then the operator should
verify that containment sprays have automatically actuated. If this has not occurred
automatically, then the operator should take necessary steps to manually actuate containment
spray, in order to maintain containment pressure below design pressure in the event of a design
basis event, there exist redundant containment spray trains for containment heat removal.

10. In the Standard Post Trip Actions, checking Containment Combustible Gas Control serves to alert
the operator of the potential for hydrogen generation. Hydrogen can be generated (and released
to the containment) by several mechanisms:

a. metal-water reactions involving Zirconium or stainless steel in the RCS.

ADM Emergency operonicos Gwdoines Page 2-12
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n
b. corrosion reactions involving the containment spray solution and metals (Zinc andQ aluminum) mside containment,

radiolytic decomposition of water due to fission product decay.c.

The metal-water reactions and the radiolysis are of concern during LOCAs when the hydrogen
generated by these mechanisms can escape to the containment atmosphere (through the RCS

i

break). The corrosion reactions require high temperatures to produce significant amounts of
hydrogen. This mechanism is of concern during LOCAs and steam line breaks inside
containment, since these events may result in high temperatures and containment sprcy actuation.

The potential for hydrogen generation is identified by increasing containment pressure and
temperature, since these indicate that a LOCA or steam line break may be occurring inside
containment and may result in containment spray actuation. Contingency actions are intended
to minimize the amount of hydrogen generated due to corrosion reactions (by reducing the
containment temperature), and to prevent local accumulations of hydrogen (by mixing the

-

containment atmosphere with all available fans).

11. If all safety function acceptance criteria (located under the INSTRUCTIONS heading) are verified
to be satisfied and the operator has determined that nothing more than a relatively uncomplicated
reactor trip has occurred, the Reactor Trip Recovery Guideline should be implemented. This
guideline will provide the guidance necessary to place the plant in a stable, safe condition, to
perform an RCS cooldown, or to prepare for a possible reactor startup.

O
k.) If all acceptance criteria are not satisfied, then more than a uncomplicated reactor trip has

occurred. While performing the Standard Post Trip Actions the operator will be obtaining
diagnostic information. The EOG Diagnostic Actions guideline must be utilized to obtain event
diagnosis.

O
L)
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() 3.0 Diagnostic Actions :

mr, e ;
This guideline provides the Diagnostic Actions which must be performed to attempt to determine a
preliminary diagnosis of the event (s) which has resulted in a reactor trip. These actions are perfonned .

to best enable the operator to determine whether to implement an ORG or the FRG. This guideline
contains no specific operator action steps but does provide technical information to be used by utilities
in developing a plant specific diagnostic procedure.

Entry Conditions

The Standard Post Trip Actions have been performed.

i

Exit Conditions
i

The Diagnostic Actions have been performed and the preliminary diagnosis indicates one of the following:
,

1. The diagnosis of one event is apparent and an appropriate Optimal Recovery Guideline can be
implemented to mitigate the event, ;

Or

( 2. The diagnosis of one event for which emergency guidance exists is not possible and the
Functional Recovery Guideline must be implemented.

1

Operator Actions

Although no specific operator action steps are required by this Guideline, the operator would diagnose i

the event by following a process such as that defined by Figures 3-1 through 3-4. I
i

!

>

I

|

|

l
!

!

!
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POWER OPERATION g
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REQUIRED)?
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PERFORM STANDARD
POST TRIP ACTIONS i

(SPTAs)
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#2

ARE ALL SPTA NOYES
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!

1 P

GO TO REACTOR TRIP
RECOVERY 1

V
J

IMagnostic Actions Figure 3-1 |
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1P
i
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i

V l

* REFER TO BREAK IDENTIFICATION CHART (FIGURE 3-5) |

Diagnostic Actions Figun 3-3
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%/

1 P

#12

YES DIAGNOSIS OF wo
ONE EVENT
APPARENT 7

O , , , ,
GO TO APPROPRIATE

GO TO FUNCTIONAL
OPTNAL RECOVERY

RECOVERY GUIDEUNE
GUIDELINE

When the D:ganostic Actions are complete, a preliminary diagnosis should be apparent with an
appropriate ORG available to be implemented (Reactor Trip Recovery is an ORG), or a preliminary
diagnosis of one event is not possible and the FRG must be implemented.

END

rs

Diagnostic Actions Figure 3-4
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hSupplementary Information

This section contains items which should be considered when implementing EOGs and preparing plant

specific EOPs. The items should be implemented as precautions, cautions, notes, or in the EOP training
program.

1. All available indica' ions should be used to aid in evaluating plant conditions since the accident
may cause irregularitiu :n a particular instrument reading. Instrumentation readings must be
corroborated when one or more confirmatory indications are cvailable (e.g., during rapid
depressurization the indicated level in the pressurizer may be too high).

2. Instrumentation indications that provide key parameters for event diagnosis early in an event
should be obtained from the most reliable sources, e.g. DIAS-P.

O

|

|
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PRIMARY BREAK OR SECONDARY BREAK SUSPECTED j

!A.

|

!
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|
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LOVn

1 P

EXCESS STEAM ,

'
DEMAND EVENT PRIMARY SIDE
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II
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'
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YES NO PRESSURE
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WCREAS W
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O
D. I I

1

'

YES ACTMTV th NO
STEAM
PLANT 7

.

1

P 1 P i P i f II

SB L X.A

ESDE IN ESDE OUT OF LOCA INSIDE SGTR OUTSIDE
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|

.

* MAY BE SLOW IN THE CASE OF SMALL BREAK LOCA IN CONTAINMENT
,

I

Break identification Chart Figure 3-5
:
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Bases

For the purpose of the bases explanations, each question block on the chart has a unique identification
number. These numbers would not be necessary for the actual plant specific EOP Diagnostic Flowchart
(except in the bases section if desired).

Block #1

If an abnormal condition occurs while the reactor is in MODE 1 or 2, as long as a reactor trip does not
occur or is not required, plant operation can continue. The plant Abnormal Operating Procedures (AOPs)
would most likely be the governing documents. Once a plant trip occurs or is required, the Standard Post
Trip Actions (SPTAs) are implemented.

Block #2

By the time the Diagnostic Actions are implemented, the operator has already completed the Standard
Post Trip Actions (SirrA) it response to the reactor trip and any other concurrent plant component or
system failures. The operat ir has already made an initial evaluation of plant status and because the
Standard Post Trip Actions also censtitute a check of the safety functions, the operator is also aware of
the status of safety functions. If no safety functions were in jeopardy, that is, all of the safety fimetions
met their respective acceptance criteria (only instruction steps performed), then nothing more than an
uncomplicated reactor trip has occurred. If one or more safety functions did not meet the acceptance
criteria of the SPTA (one or more contingency actions performed), the operator must attempt to determine
a preliminary diagnosis of the event (s) which has resulted in a reactor trip.

The Diagnostic Actions Guideline has been developed to assist the operator in logically deciding whether
to implement an appropriate ORG or to implement the FRG. Minor system failures will not impair the
use of this diagnostic flowchart in distinguishing symptom sets. To go much beyond the complexity of
this diagnostic flowchart will require too much operator time and may hinder the operator in performing
the required actions in a timely manner. For depressurization events, the operator can also refer to the
Break identification Chart (Figure 3-5) to aid in diagnosing the event. As noted in these diagnostic aids,
the trending of key parameters provides valuable information which should be utilized in determining the
preliminary diagnosis.

A particular ORG would be implemented after the operator has completed the Standard Post Trip Actions
and has been able to diagnose one event taking place. Certain events (i.e, LOCA, SGTR, ESDE, and
LOAF) do not require offsite power in order to adequately mitigate the effects of the accident. For this
reason the LOCA, SGTR, ESDE, or LOAF ORG is to be implemented even if a Loss of Offsite Power
has also occurred. The ORG will mitigate the event and maintain the health and safety of the public.
The ORGs provide a continual verification that the preliminary diagnosis was conea. In essence, this
diagnostic confirmation process is provided by checking the status of safety functions using the ORG
Safety Function Status Checks. If the ORG in use continues to satisfy SFSC acceptance criteria, the ORG
guidance is followed. If the ORG in use is inadequate, ei her because new information on symptomst
appears that is not covered in the ORG, or because the SFSC acceptance criteria are not being satisfied,
then a transfer is made to the appropriate ORG. If identification of a particular symptom set is not
possible, the operator implements the Functional Recovery Guideline.

O
i
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Figure 3-6 provides a basic flowchart showing how the Diagnostic Actions and the ORG diagnostic !

confirmation process are utilized to ensure that the proper guideline is implemented to mitigate the
event (s) in progress. ;<

;

- Since the flowchart is attempting to diagnose a specific event through the investigation of a series of j
symptoms, it is not arranged in the order of the safety function hierarchy. Instead, the integrated plant-

and integrated safety functions have been considered, and the symptoms to be investigated have been j

- prioritized so that a determination of the event in progress can be made in the most efficient manner. l
- The operator should implement the entire Diagnostic Flowchart to determine if a single event is in ;

progress, or if there are multiple events in progress. There are two exceptions to this guidance. If (
Reactivity Control has not yet been established, or if a complete loss of station power has occurred, the ;

,

operator should proceed directly to the Functional Recovery Guideline (FRG). These exceptions are
;

'

necessary because no ORG will be successful unless the reactor is shut down, or if there is no vital ACi
or DC power available.

When evaluating parameters and to answer questions contained in the Diagnostic Flowchart, the operator j

should consider past and present trends such that all available infonnation is used to decide which event ;

!is in progress. For example, if a Steam Generator Tube Rupture (SGTR) event occurs, it is possible that
' the main steam line radiation monitors will alarm prior to the reactor trip due to the N-16 present in the !

primary system leaking into the Steam Generators. However, after the reactor trips, the alarms may clear ,

(unless latched) due to the significantly lower production of N-16. In this case, the operator should still |
consider the fact that the main steam line radiation monitors had alarmed (and latched) prior to the trip

I

I

(even though they are not currently in alarm). When this information is combined with the N-16 monitor
information, the operator will answer "YES" to block #10. That way, the operator will be appropriately

'

directed to consider a Steam Generator Tube Rupture event.*

Block #3

If the reactivity control requirements are not met, the operator should proceed directly to the Functional4

Recovery Guideline, since no ORG will be successful unless the reactor is shut down. Therefore, if the!

operator answers "NO" to the Reactivity Control question, the next block on the flowchart says "GO TO
FUNCTIONAL RECOVERY GUIDELINE" instead of " Consider" Functional Recovery Guideline.

Block N

if the plant safety equipment has no electrical power, cooling water, ventilation, etc., the steps in the,

ORGs will not be effective. Therefore, the status of the Vital Auxiliaries is considered next.

,

if at least one safety division of AC power is available, the operator proceeds to the next question on the
flowchart (Block #5), since all of the ORGs are written to accommodate the availability of only one safety
division of AC power.

If there is no Vital AC power, the event in progress could be a Station Blackout, a combination of a
Station Blackout and another event, or a complete loss of station power. The operator is directed to
Block #6 to consider the status of DC power.'

O
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Block #5

The operator is asked if at least one RCP is running. There could be several reasons why all four RCPs
are not running (Loss of Offsite Power, Loss of CCW to the RCPs, electrical faults on the 13.8 KV
buses, etc.). The question is asked this way to determine if a " loss of flow" event has ocuttred either
from a less Of Offsite Power (LOOP), or for any other reason. If it has, this would not be considered
an uncomplicated reactor trip and the Reactor Trip Recovery ORG would not be appropriate because the
RTR ORG assumes forced RCS flow conditions exist. The Loss Of Offsite Power (LOOP) ORG is
written for either a LOOP or a Loss of Forced Circulation, since LOOP is essentially a maintenance of
natural circulation event coupled with actions to restore offsite power to the station if applicable. It is
implemented pnly if the Loss of Offsite Power / Loss of Forced Circuladon event is the only event in
progress. Therefore, for the Loss of Offsite Power / Loss of Forced Circulation event, the operator is
instructed to " Consider" the LOOP and proceed to the next block on the flowchart to determine if other
events are also in progress.

Block #6

If there is no station power (i.e., no vital AC and no vital DC), the operator is directed to the FRG since
no ORG will be effective. If at least one safety division of DC power is available and not other event
is in progress, the Station Blackout (SBO) ORG should be implemented. However, since only the
Reactivity Control and Vital Auxiliaries safety functions have been investigated thus far, the Diagnostic
Flowchart instructs the operator to " Consider" SBO. The operator will then continue to proceed through
the rest of the Diagnostic Flowchart to determine if only an SBO is in progress, or if it is combined with
some other event.

Block #7

The operator is asked if at least one Steam Generator (SG) has adequate feed (as defined by the SPTA
steps). If the answer is "NO", the operator is instructed to " Consider" the Loss of All Feedwater
(LOAF) event, and proceed to the next block on the flowchart. Otherwise, SG feeding is considered
adequate and the operator proceeds directly to the next block on the flowchart.

Block #8

The purpose of this block is to help the operator distinguish a Loss Of Coolant Accident (LOCA) or
Steam Generator Tube Rupture (SGTR), from an Excess Steam Demand Event (ESDE). When the plant
specific EOPs are developed, the plant has the option of either placing the question "IS SUBCOOLING
INCREASING?", or the question "IS SG PRESSURE ABNORMALLY LOW?", or both questions in this
block. If a LOCA or SGTR is in progress, it is not expected that subcooling would be increasing (unless
it is a small break of a size that allows the SI system to refill the Pressurizer, therchy causing Pressurizer
pressure to increase). If the event in progress is an ESDE, subcooling should be tacreasing (unless the
affected SG has already blown dry). In either case the operator should consider past and present trends
to determine which event is in progress. This block will assume that at least during the initial stage of
the LOCA or SGTR, the break is large enough to cause subcooling to be constant, or to decrease. In
this case, the Diagnostic Flowchart will direct the operator to block #9. This block will also assume that
at least during the initial stage (blowdown phase) of the ESDE, subcooling will increase and/or pressure
will be abnormally low in the affected SG. The operator will be instructed to consider an ESDE.

O
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U
The purpose of this block is to help the operator distinguish between a LOCA inside containment, and
a LOCA outside of containment or an SGTR. If containment pressure is increasing, it is assumed that
a LOCA exists inside of containment and the operator is directed to consider the LOCA event. If
containment pressure is not increasing, the operator is directed to block #10.

Block #10

The purpose of this block is to help the operator distinguish between and SGTR or a LOCA outside of
containment. If there is activity indicated in the steam plant, a Steam Generator Tube Rupture should
be considered. Alarms are not used as the sole means of determining whether or not and SGTR event
is occurring because the activity levels in the secondary system may not yet be high enough to trip the
alarm serpoints. Alarms were used in SPTA to get a quick " big picture" of the plant status (SPTA is not
intended to be used for diagnosing the event, although some events are suggested based upon fairly
definitive indications). If the steam plant activity alarms were energized in SPTA, it could be assumed
with reasonable cenainty that at least an SGTR event was occurring. However, this Diagnostic Flowchan
takes a closer look at the plant and its indications for the purpose of identifying the actual event (s) in
progress. If there is no significant activity in the steam plant (and activity levels are not increasing), an
SGTR is not assumed to exist and the operator is directed to block #11.

Block #11

/ This block is used to determine if a LOCA exists outside of containment. If there are activity alarms

(3) present in the Nuclear Annex or Reactor Building, the operator should consider a LOCA outside of
containment. Otherwise, the operator should proceed to block #12.

Block #12

|
The operator is asked if the diagnosis of one event is apparent. Since all significant parameters have been ;

considered when proceeding through the Diagnostic Flowchart, the operator should be able to answer this |
question. If one event is apparent, the operator should implement the appropriate ORG. If the diagnosis !

of one event was not apparent, or if the operator was not sure of which event was in progress, the FRG |

would be implemented.

For the purposes of this flowchart, an uncomplicated reactor trip is considered an event. Therefore, if
the operator entered the Diagnostic Flowchan after an uncomplicated reactor trip, the operator would
never be directed to consider any event. Yet the question would be asked in block #12 if the diagnosis
of one event is apparent. For an uncomplicated trip, the answer would be "YES" and the operator would
implement the Reactor Trip Recovery (RTR) ORG.

Break Identification Flowchart

For the purpose of the bases explanations, each question block on the Break identification Flowchan has
a unique identification letter. The letters would not be necessary for the actual plant specific EOP Break
Identification Flowchart (except in the bases section if desired).

.( nV) The Break identification Flowchart is attempting to diagnose the type (i.e., Loss Of Coolant Accident,
Steam Generator Tube Rupture, Excess Steam Demand Event) and location (with respect to the
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containment barrier) of a suspected break, through the investigation of a series of symptoms. Therefore, j

it is not arranged in the order of the safety function hierarchy. Instead, the integrated plant and integrated j

safety functions have been considered, and the symptoms to be investigated have been prioritized so that
a determination of the break type and locations can be made in the most efficient manner.

When evaluating parameters necessary to answer the questions contained in the Break Identification
Flowchart, the operator should consider past and present trends such that all available information is I

!considered when deciding the type and location of the break. For example, if a Steam Generator Tube
Rupture (SGTR) event occurs, it is possible that the main steam line radiation monitors will alarm prior
to the reactor trip due to the N-16 present in the primary system leaking into the Steam Generators.
Ilowever, after the reactor trips, the alarms may clear due to the significantly lower production of N-16.
In this case the operator should still consider the fact that the main steam line radiation monitors had
alarmed prior to the trip (even though they are not currently in alarm). When this information is
combined with the N-16 monito'r information, the operator will answer "YES" to block (D). That way,
the operator will be appropriately directed to consider a Steam Generator Tube Rupture event.

Block A

The purpose of this block is to help the operator distinguish a primary side break from an Excess Steam
Demand Event (ESDE). When the plant specific EOPs are developed, the plant has the option of either
placing the question "IS SUBCOOLING INCREASING?", or the question "IS SG PRESSURE
ABNORMALLY LOW?", or both questions in this block. If a Loss of Coolant Accident (LOCA) or
Steam Generator Tube Rupture (SGTR) is in progress, it is not expected that subcooling would be
increasing (unless the event is a small break of a size that allows the SI system to refill the Pressurizer,

'

thereby causing Pressurizer pressure to increase). If the event in progress is an ESDE, subcooling should
be increasing (unless the affected SG has already blown dry). In either case the operator should consider
past and present trends to determine which event is in progress. Block (A) will assume that at least
during the initial stages of the LOCA, or SGTR, the break is large enough to cause subcooling to be
constant or to decrease. In this case, the Break identification Flowchart will direct the operator to Block
(C). Block (A) will also assume that at least during the initial stages (blowdown phase) of the ESDE,
subcooling will increase and/or pressure will be abnormally low in at least the affected SG. Since these
symptoms indicate an ESDE. the operator will proceed to Block (B).

Block B |

|

This block asks if Containment pressure is increasing. If it is, the Break identification Flowchart
identifies the event as an Excess Steam Demand Event inside of containment. Otherwise, the ESDE is

assumed to be outside of containment.

Block C

The purpose of this block is to help the operator distinguish between a LOCA inside containment, and
a LOCA outside of containment or an SGTR. If containment pressure is increasing, it is assumed that
a LOCA exists inside of containment. If containment pressure is not increasing, the operator is directed
to Block (D) to determine if an SGTR exists, or if the event is a LOCA outside of containment.

O
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O IQ Block D

The purpose of this block is to help the operator distinguish between an SGTR or a LOCA outside of
containment. If there is activity indicated in the steam plant, a Steam Generator Tube Rupture should

'

be considered Alarms are not used as the sole means of determining whether or not an SGTR event is i

in progress because the activity levels in the secondary system may not yet be high enough to trip the i

alarm setpoints (except perhaps the N-16 monitors). If there is no significant activity in the steam plant
(and the activity levels are not increasing), an SGTR is not assumed to exist and it is assumed that a
LOCA exists outside of containment. Otherwise, it is assumed that an SGTR is in progress.

,

t

!

,

!

|
I
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O
STANDARD POST TRIP
ACTIONS PERFORMED ,

|

i
I

1 P

PERFORM DIAGNOSTIC |
ACTIONS

;

PREUMINARY
YES DIAGNOSIS OF NO

ONE EVENT j

N POSSIBLE71 P

1 P

IMPLEMENT,

APPROPRIATE ORG IMPLEMENT FRGr

Y

1 P

DIAGNOSIS
NOYES CONFIRMED 7

SFSC BIDC

1 P

CONTINUE WTTH ACTION
- OFORG

1 P

YES ONE EVENT NO

DIAGNOSED?

Overview of EOG Diagnostic Itocess Figure 3-6
,

,
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O 4a ae cier Trio eceverrn

Purpose

This guideline provides the operator actions which must be accomplished subsequent to a relatively f
uncomplicated reactor trip. The actions in this guideline are necessary to ensure that the plant is placed
in a stable, safe condition. The goal of the guideline is to safely establish the plant in a mode 3 condition
(HOT STANDBY) while minimizing any radiological releases to the environment. If necessary, the RCS

*

may be cooled and depressurized.

Entry Conditions ;

1. The Standard Post Trip Actions have been performed ;

and i

2. Plant conditions indicate that an uncomplicated reactor trip has occurred,
b

Exit Conditions '

l. The diagnosis of an uncomplicated reactor trip is not confirmed |
,

O M :U
2. Any of the Reactor Trip Safety Function Status Check acceptance criteria are not satisfied i

|
i

E |
:

3. The Reactor Trip Recovery EOG has accomplished its purpose by satisfying ALL of the
following:

a. All Safety Function Status Check acceptance criteria are being satisfied.

b. RCS conditions are being controlled and maintained in a mode 3 or 4 condition (HOT
STANDBY or HOT SIIUTDOWN).

c. An appropriate procedure to implement has been provided and administratively approved.
|

I

O !

_. _ .- _ ,_,
i

I
;
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OPERATOR ACTIONS
REACTOR TRIP RECOVERY

Instructions Contingency Actions

1. Ensure Standard Post Trip Actions are 1.

performed.

*2. Confirrn diagnosis of uncomplicated 2. Rediagnose event and exit to

Reactor Trip by verifying Safety appropriate Optimal Recovery
Function Status Check acceptance Guideline pJ: to Functional Recovery

criteria are satisfied. Guideline.

3. Venfy pressurizer level is: 3. Manually operate PLCS or charging
and letdown to restore and maintain

a. [2% to 78%) pressurizer level [33% to 52%).

91L4

b. trending to (33% to 52%)

4. Verify pressurizer pressure is: 4. Manually operate PPCS or pressurizer
heaters and spray to control RCS
pressure:

a. [2160 to 2370 psia] a. [2225 to 2300 psia)
e

iLnd g1Ld

b. trending to [2225 to 2300 psia] b. within the Post Accident P-T
limits of Figure 4-1.

And

c. within the Post Accident P-T
limits of Figure 4-1.

5. Verify steam bypass control system is 5. If condenser vacuum is lost, steam
controlling RCS T,,, [551-562*F]. bypass control system is unavailable,

or the MSIVs are closed, Then use the
atmospheric dump valves to control
RCS T,,, [551-562*F].

6. Ensure at least one steam generator has 6.
level being maintained or restored in
the normal band using main, startup or
emergency feedwater.

O
* Step Perfonned Continuously

ADM Emergency Operstws Guidonnes (11/969 Page 4-2
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O
Q' OPERATOR ACTIONS .f

REACTOR TRIP RECOVERY (Continued) !
.

Instructions Contingency Actions i

7. Evaluate the need for a plant cooldown 7. |
based on: |

. - ,

a. plant status i

!

b. auxiliary systems availability

c. emergency feedwater j,

inventory. |

8. If a plant cooldown is necessary, Ihtn 8. a. Maintam the plant in a !
. exit this guideline and implement the stabilized condition,

iappropriate plant cooldown procedure.
add i

! |
b. Egit to appropriate procedure :

as directed by [ Plant Technical .

3

Support Center or Plant !

; Operations Review
Committee].

,

When the steps of the Reactor Trip Recovery Guideline are complete, the plant should be in a condition#

where all of the SFSC acceptance criteria are satisfied, and the entry conditions of an appropriate
procedure are satisfied. In most cases, the plant will be maintained in HOT STANDBY or directed to;

be cooled down to mode 4 or 5.

END"

:

,

E

/% |
1

-

|
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Supplementary Information h]
This section contains items which should be considered when implementing EOGs and preparing plant
specific EOPs. The items should be implemented as precautions, cautions, notes, or in the EOP training
program.

1. Pressurizer leve.1 should be closely monitored since it normally decreases to, or near, the
pressurizer heater cutoff level following a reactor trip.

2. All ava% ole indications should be used to aid in evaluating plant conditions since the accident
may cause irregularities in a particular instrument reading. Instmmentation readings must be
corroborated when one or more confirmatory indications are available, (e.g., during rapid
depressurization the indicated level in the pressurizer may be too high).

3. A plant cooldown and entry into shutdown cooling (if necessary) should be conducted prior to
depleting the emergency feedwater storage.

4. During all phases of the cooldown, RCS temperature and pressure should be monitored to avoid
exceeding a cooldown rate greater than Technical Specification limitations.

5. Do not place systems in " manual" unless misoperation in " automatic" is apparent. Systems
placed in " manual" must be checked frequently to ensure proper operation.

6. If the initial cooldown rate exceeds Technical Specification Lim:4. then there may be a potential
for pressurized thermal shock (PTS) of the reactor vessel. Post accident pressure / temperature
should be maintained within the limits of Figure 4-1.

O
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SAFETY FUNCTION STATUS CHECK g
REACTOR TRIP RECOVERY

Safety Function Acceptance Criteria

Reactor power decreasing
1. Reactivity Control 1. a.

d

b. Negative Startup Rate

d

c. Maximum of I CEA EQI
fully inserted or RCS borated
per Tech Specs.

2. Maintenance of Vital Auxiliaries (AC 2. a. All vital Division I [4.16 kV
AC], [125 V DC], and [120 V

and DC Power)
AC) Distribution Centers
energized,

91

All vital Division Il [4.16 kV
AC], [125 V DC], and [120 V
AC] Distribution Centers
energized.

&

b. Non-safety load [13.8 KV] Bus
X energized

91

Non-safety load [13.8 KV] Bus
Y energized

d

Non-safety load [4.16 KV] Busc.
X energized

95

O
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SAFETY FUNCTION STATUS CHECK3

REACTOR TRIP RECOVERY (Continued) ,

,

Safety Function Acceptance Criteria

.2. (Continued) Non-safety load [4.16 KV) Bus
Y energized

!

AD)
'

n
'

d. Permanent Non-safety load ,

[4.16 KV] Bus X energized
,

9.1

.

E Permanent Non-safety load
[4.16 KV] Bus Y energized

.

,

3. RCS Inventory Control 3. a. Pressurizer level is [2% to
'

78%]

and ,

b. Charging and letdown are
[

,

'
restoring pressurizer level toV
[33% to 52%]

1

and

c. The RCS is subcooled ,

!

And
!

d. No reactor vessel voiding as |
indicated by the IUTC
RVLMS.

,

4. RCS Pressure Control 4. a. Pressurizer pressure is:
;

i) [2160-2370 psia] !
|

80d ,

4

ii) . trending to [2225 to ;
'

2300 psia]
I
;

). '

+
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SAFETY FUNCTION STATUS CHECK
REACTOR TRIP RECOVERY (Continued)

Safety Function Acceptance Criteria

it_nd4. (Continued) n

b. Pressurizer heaters and spray
are controlling pressure within
P-T limits of Figure 4-1.

Tu - Tc is less than [3*F]5. Core Heat Removal 5. a.

a!Ld

b. The RCS is subcooled.

6. RCS Heat Removal 6. a. i) At least one steam
generator has level
within normal level
band with feedwater
available to maintain
lev-l

E

ii) At least one steam
generator has level
being restored to the
normal band by .
feedwater flow with
level increasing

91

iii) Total feedwater flow to
either or both steam
generators greater than
[500 gpm]

and

b. RCS T,,, is [551-562*F].

O
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-A
'() ' SAFETY FUNCTION STATUS CHECK

REACTOR TRIP RECOVERY (Continued) i

Safety Function Acceptance Criteria

7. Containment isolation 7. a. Containment pressure less than
[2.0 psig) :

and

b. No containment area radiation
monitors alarming

.'
add

c. No steam plant radiation
monitors alarming

'

add

d. No nuclear annex radiation -

monitors alarming
|

O and'

v
e. No reactor building radiation !

monitors alarming !

8. Containment Temperature & Pressure 8. a. Containment temperature less
Control than [110*F)

and
,

b. Containment pressure less than
[2.0 psig].4

9. Containment Combustible Gas Control 9. a. Containment temperature less

than [110 F]
i

add I

b. Containment pressure less than
[2.0 psig].

.

f

(%)

.
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-
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hBases

The bases section of the Reactor Trip (RT) Recovery Guideline describes the RT transient in relation to
the actions which the operator takes during the recovery from a relatively uncomplicated RT. The
purpose of the bases section is to provide the operators with information which will enable them to
understand the reasons for, and the consequences of, the actions they take during a RT.

Characterization of a Reactor Trip

A reactor trip is a shutdown of the reactor accomplished by the rapid insertion of the control element
assemblies (CEAs). It is automatically initiated by the reactor protective system when certain
continuously monitored parameters exceed predetermined setpoints, or it can be initiated manually by the
operator if plant conditions warrant. A malfunction in the reactor protective system may also cause a
reactor trip signal.

A reactor trip may be the result of automatic action initiated by the reactor protective system in response
to any of the following typical parameters:

a. Ifigh reactor power.

b. Low pressurizer pressure.

c. I.ow reactor coolant flow.

d. Low steam generator level.

c. Low steam generator pressure.

f. High pressurizer pressure.

g. liigh steam generator level.

h. High containment pressure.

i. Turbine trip.

J. DNBR trip.

k. LPD trip.

Safety Functions Affected

A reactor trip results in a decrease of primary system heat generation to decay heat levels. It is a safety
action performed for reactivity control and does not directly challenge the maintenance of any safety
function required to place the plant in a safe, stable condition. However, all safety functions should be
monitored to assure public safety or to detect failures which may lead to unsafe conditions.

O
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- Trending of Key Parameters !
Reactor Power (Figure 4-2) !.

i.
)- As a result of the reactor trip, the control element assemblies (CEAs) will be rapidly inserted. Steam

flow to the turbine generator will be terminated, the turbine generator output breakers will open and the |j '
feedwater flow will automatically ramp down. A rapid decrease in reactor power and a negative startup r^

rate will be obcerved. This rapid decrease is followed by a decrease in indicated power (approximately ;;

-1/3 decade per minute) until the suberitical multiplication level is reached. Indicated power will stabilize ,

; ' at the subcritical multiplication level and decrease slowly over a period of hours. !

RCS Temperature (Figure 4-3)
,

Initially, feedwater temperature decreases sharply due to the loss of steam heating to the feedwater heaters
(450'F to about 200*F feedwater temperature) or due to actuation of startup or emergency feed (may be

. as low as 40'F). Heat from the RCS is absorbed by the cooler feedwater supplied to the steam ,
~

generators. At power, there is a large differential between RCS Tave and average steam generator t

: tempertmre. Following the trip of the reactor and the turbine, the heat transfer rate from the RCS to the ;

steam generator decreases to decay heat removal levels and the RCS to steam generator AT decreases to 3

a few degrees with RCPs running. As a new equilibrium is achieved, the combined effect of the cooler
? feadwater and the steam generator heating up to an average temperature closer to RCS temperature results ;

in a net heat extraction from the RCS. Loop differentials between hot and cold leg temperatures will !

drop to less than ten degrees with RCPs running and RCS average temperature will decrease to [551-
562*F] controlled by the steam bypass control system or the atmospheric dump valves. !4

O !

Reactor Vessel Level ;
,

For an uncomplicated reactor trip, it is expected that the reactor vessel will remain full. The subcooled
margin in the RCS loops is typically [50'F] or higher, and RVUH subcooling margin can be significantly
lower than that for the RCS loops but still high enough to prevent voids from forming. At steady state
conditions, the upper head region is about l'F cooler than the core exit temperature and, therefore, the
subcooled margin of the RVUH is essentially equal to that of the hot leg. Under transient conditions,
with RCPs running, there is a time lag between the change in the core exit temperature and the change

.

'
in RVUH temperature to approximately the same temperature. Under RCS cooling transients up to
[75'F/ hour], the time lag is small enough so that the subcooling margin in the RVUH will not allow
voids to form. !

|
,

Pressurizer Pressure and Level (Figures 4-4,4-5)

Pressurizer pressure and level will initially decrease due to the lowering of RCS temperature. However, -i
this effect will usually be tempered by operation of pressurizer heaters and the charging pump which j
restore level to the programmed hot zero power band. j

I

Steam Generator Pressure (Mgure 4-6)
!

i

Steam' generator pressure will usually increase. Since heat is being removed from the RCS but not from i

the steam generator (except for the cooling from the feed), the steam generator heats up to decrease RCS.

to steam generator differential temperature. Steam generator pressure increases as temperature increases.

;
!

'

|
<
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As steam generator pressure increases, the steam bypass valves will usually open or the atmospheric
dump valves will be opened to control steam generator pressure at hot STANDBY pressure (which is
above normal 100% power steam generator pressure).

Steam Generator Level (Figure 4-7)

After a reactor trip the steam generator level decreases rapidly. This is explained as follows. Steam
generator level is inferred from the steam generator downcomer level. During normal 100% power
operation, the steam generator has a recirculation ratio of approximately 4 to 1 (ratio of water returning
to the downcomer from the dryers and separators to feedwater entering the downcomer). This accounts
for a major portion of the water level entering the downcomer. When steam flow is stopped by the
turbine trip, recirculation stops. The reduced flowrate into the downcomer results in reduced head losses
through the downcomer and up the riser section. The downcomer water level, and thus the steam
generator indicated level, both drop. This drop in level will occur even before the feedwater system
automatically readjusts. Another contributing factor to the observed decrease in post trip S/G water level
is the increased steam generator pressure. This increase in pressure causes an increase in the saturation
temperature, thus causing the voids in the S/G to collapse.

Plant operators should be cautioned not to overreact to this lowered level in the steam generators.
Excessive feeding of the steam generator with cooler feed to recover level results in RCS temperatures
being driven down below the desired no load value. This could cause pressurizer level to fall to a point
where the pressurizer is drained. RCS pressure will then drop until the safety injection system is
actuated, This complicates the recovery from a simple reactor trip considerably.

O

O
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TO BE DEVELOPED DURING DETAILED ENGif.EERING
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k. G) Reg-~ antative Reactor Trip Reactor Power Hgure /4-2
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O

TO BE DEVELOPED DURING DETAILED ENGINEERING

O

!

l

)

Representative Reactor Trip RCS Wide Range Tempentures Figure 4-3

|
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\ Representative Reactor Trip Pressurizer Wide Range Pressure Figure 4 4
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O

TO BE DEVELOPED DURING DETAILED ENGINEERING

O

,

|
i

Representative Reactor Trip Pressurizer Level Figure 4-5 )
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Os Representative Reactor Trip Stease Generator Pressure Figure 4-6
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O

.

TO BE DEVELOPED DURING DETAILED ENGINEEklNG

O

Representative Reactor Trip Steam Generator Wide Range Level Figure 4-7
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' Guideline StnWegy'

Figure 4-8 provides a summary of the Reactor Trip (RT) Recovery Guideline's strategy. Prior to
implementing the actions provided in the RT Recovery Guideline, the operator would have performed
the Standard Post Trip Actions and concluded that an uncomplicated reactor trip had occurred. In the ;

RT Recovery Guideline the operator begins using the Safety Function Status Check to confirm that the ;

plant is recovering and the correct guideline has been implemented. RT Recovery actions provide
instructions on regaining and maintaining RCS inventory control, RCS pressure control, and RCS heat
removal.

A more detailed RT Recovery strategy chart is provided. It lists the guideline steps which correspond
to each strategy objective. Refer to Figure 4-9.

,

.

I

1

I
|
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STANDARD POST TRIP ACTIONS
PERFORMED

1 F

UNCOMPUCATED REACTOR TRIP
DIAGNOSED

SPTAs AND DIAGNOSTIC ACTIONS

REACTOR TRIP RECOVERY ORG

1 P

REACTOR TRIP NOYES
DIAGNOSIS

CONFIRMED 7

1 P

APPROPRIATE ORG OR FRG
p

J L

YES REACTOR
NO

T RIP SFSC
SATISFIED 7

!

1P

CONTROL RCS INVErfrORY
AND PRESSURE

I

O 1

CONTROL RCS HEAT REMOVAL

1 P

YES COOLDO \ NO
REQUIRED 7

1 F 1P

COOLDOWN TO SCS ENTRY MAINTAIN PLANT IN STABLE

CONDITIONS CONDITION

|

Reactor Trip Figure 4-8
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A
) Bases for Operator Actions

The operator actions r.e directed at bringing the plant to a safe, stable condition following an
ur. complicated reactor trip and enstnes that a proper heat sink for the reactor is being maintained.

1. The operator is directed to ensure that the Standard Post Trip Actions have been performed. This
action ensures that all safety functions have been monitored, and appropriate contingency actions
performed, prior to implementing the Reactor Trip Recovery EPG.

*2. The operator is required to continually verify that Safety Function Status Check acceptance
criteria are satisfied by comparing control board parameters to the acceptance criteria in the
Safety Function Status Check. This ensures that the safety functions are satisfied and the core
is being adequately cooled. If the Safety Function Status Check acceptance criteria are satisfied
adequately mitigating the effects of the RT. Thus, the implementation of the remaining actions
of this guideline is continued. If the diagnosis of an uncomplicated reactor trip is found to be
in error (i.e., any of the Safety Function Status Check acceptance criteria are not satisfied), the
procedure is not adequately mitigating the event. If another event is diagnosed, the operator exits
the RT guideline and implements the appropriate Optimal Recovery Guideline (ORG). Ifa
diagnosis of one event cannot be made, the Functional Recovery Guideline (FRG) is
implemented. The FRG is safety function based and will ensure all safety functions are addressed
regardless of what event (s) is occurring.

3. Following a relatively uncomplicated reactor trip, pressurizer level should not decrease below

[] [2 %] or increase above [78 %). The value of [78%], was chosen as an upper limit for pressurizer
U level to account for some process fluid uncertainties in order to avoid solid plant operation. The

process uncertainties include maintaining an operable steam bubble following a 20 second
inadvertent initiation of auxiliary spray. The value of [2%] was chosen as the lower limit in 1

order to avoid draining the pressurizer. If the pressurizer level control system functions properly,
level in the pressurizer should be trending to [33% to 52%). This will ensure that the PLCS is
working properly to control level. If automatic pressurizer level control system operation is not
maintaining / restoring level, the operator is instructed to take manual control of charging and
letdown to control pressurizer level to [33% to 52%].

4. Following a relatively uncomplicated reactor trip, automatic control of pressurizer heaters and
spray should be sufficient to maintain pressurizer pressure [2160 to 2370 psia]. The availability I

of pressurizer heaters will be dependent upon the ability to restore pressurizer level to above the
'

heater level of [14.3%). The lower value of [2160 psia] corresponds to the RCS low pressure
alarm serpoint. The higher value of [2370 psia) is the RCS high pressure alarm serpoint. If the
pressurizer pressure control system functions properly, pressurizer pressure should be trending
to [200 f] psia. Satisfying the Post Accident P-T limits of Figure 4-1 will ensure that brittle
fracture limits are not exceeded, RCP NPSH and RCS subcooling requirements are satisfied, and
RCS cooldown rate 100'F/ Hour or upper subcooling limit [200*F] are not exceeded. If
automatic pressurizer pressure control system operation is not maintaining / restoring pressure, the ]
operator is instructed to take manual control of pressurizer heaters and spray to control

'

pressurizer pressure to [2225-2300 psial.

A
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5. RCS T.,, should be controlled at [551-562*F] by the steam bypass control system. If condenser
vacuum is lost, the steam bypass control system is not available, or the MSIVs have closed, the
atmospheric dump valves must be used to control RCS T ,, in a [551-562*F] band. This step
provides a verification that the steam generator (s) are adequately removing decay heat, that
control systems are functioning properly, or that manual actions are taken as appropriate.

6. Following a relatively uncomplicated reactor trip, steam generator levels should automatically be
restored and maintained in the normal level band. The operator will ensure that automatic or
manual control of main, stanup, or emergency feedwater is capable of maintaining at least one
steam generator's level in the normal band. Adequate RCS heat removal will be maintained if
at least one steam generator is available for removing heat (capable of feed and steam flow). The
operator must use caution when manually feeding steam generators to avoid an excessive RCS
cooldown rate with subsequent pressurizer level and pressure transient or overfilling steam
generators. Steam generator levels should be increased at a rate consistent with decay heat levels
and any desired cooldown rate. A flowrate of [250 gpm per steam generator) is sufficient feed
flov' to rernove decay heat (approximately 2% of rated thermal power).

7. At this point in the recovery, the operator should determine whether a plant cooldown is
necessary. If the continued availability of any systems required for maintenance of IiOT
STANDBY is in doubt, a cooldown may be appropriate. For example, if the available
emergency feedwater inventory is marginally adequate, a cooldown should be performed in order
to avoid running out of emergency feedwater before the shutdown cooling system can be placed
into operation. Similarly, consideration should be given to the availability of compressed air and
cooling water systems as well as the continued availability of electrical power. A cooldown may
also be required in order to provide the plant conditions necessary to perform system or
component repairs.

8. If a plant cooldown is necessary and the RT Recovery Guideline exit conditions are satisfied, this
guideline should be exited and the plant cooldown procedure implemented. If it is decided that
a cooldown is not necessary, the plant should be maintained in a stable condition until the
operators and the support staff [ Plant Technical Support Center or Plant Operations Review
Conunittee] determine which procedure is appropriate to implement.

Safety Function Status Checks

The Safety Function Status Check (SFSC) is used to continually verify the status of safety functions. The
safety function acceptance criteria are selected from best estimate analysis to reflect the range for each
parameter which would be expected following a relatively uncomplicated reactor trip. If all SFSC
acceptance criteria are being satisfied, the adequacy of this guideline for mitigating the event in progress
is confirmed and the health and safety of the public is ensured.

O
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Q SAFETY FUNCTION STATUS CHECK BASES
REACTOR TRIP RECOVERY

Safety Function Acceptance Criteria Bases

1. Reactivity Control a. Reactor Power For all emergency events, the !

Decreasing reactor must be shutdown.
Decreasing reactor power is
one positive indication that

.

an.d reactivity control has been |
established. A negative startup

I

b. Negative Swtup Rate rate can be used in the short-
term post trip to verify that

.an_d reactivity control is established.n

The Technical Specification
c. Maximum of I CEA requirement is that not more

EQI fully inserted or than 1 rod be stuck out. If
the RCS is borated per more than 1 rod is stuck out,

Tech. Specs. the RCS must be borated to
compensate for the negative
reactivity not inserted into the
core.

2. Maintenance of vital a. All vital Division I One safety division of AC

O)( Auxiliaries (AC and [4.16 kV AC], [125 V power is required to power
DC power) DC), and [120 V AC] equipment necessary to

Distribution Centers maintain control of all other
energized, safety functions. One safety

division of DC is required as a
pl minimum to provide monitoring

and limited control of the other
All vital Division 11 safety functions. Non-safety
[4.16 kV AC), [125 V [13.8 KV] and [4.16 KV) AC
DC), and [120 V AC] divisions must be available to
Distribution Centers power at least one RCP and
energized, any other non-vital equipment

typically used in the recovery
and from a relatively uncomplicated

reactor trip.
b. Non-safety load [13.8

KV] Bus X energized

91

Non-safety load [13.8
KV) Bus Y energized

g
Y,] Y
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SAFETY FUNCTION STATUS CHECK BASES
REACTOR TRIP RECOVERY (Continued)

Safe y Function Acceptance Criteria Bases

2. (Continued) c. Non-safety load [4.16
KV] Bus X energized

91

Non-safety load [4.16
KV] Bus Y energized

d. Permanent Non-safety

load [4.16 KV) Bus X
energized

91

Permanent Non-safety

load [4.16 KV] Bus Y
energized

3. RCS Inventory Control a. Pressurizer level is [2% The value of [78%) was chosen
to 78%) as an upper limit to ensure that

the pressurizer has an operable

and steam bubble. A value of
[2%), was chosen as the lower

b. Charging and letdown limit to ensure that the
are restoring pressurizer is not drained.
pressurizer level to

[33% to 52%) Following a relatively
uncomplicated reactor trip,

and automatic or manual control of
charging and letdown should be

c. The RCS is subcooled sufficient to maintain RCS

based on Tu RTD inventory control within [33%
temperature to 52%) A subcooling margin

coexisting with adequate

and pressurizer level indicates RCS
inventory control via a

d. No reactor vessel saturated bubble in the
voiding as indicated by pressurizer. Tg RTDs are to
the IIJTC RVLMS. be used during forced

circulation flow conditions.

For an uncomplicated reactor
trip, reactor vessel voiding
should not result.

i
i

l
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- SAFETY FUNCTION STATUS CHECK BASES
REACTOR TRIP RECOVERY (Continued)

Safety Function Acceptance Criteria Bases

4. RCS Pressure Control a. Pressurizer pressure is: The lower value of [2160 psia]
corresponds to the RCS low

i) [2160-2370 pressure alarm setpoint. The
psia] higher value of [2370 psia) is i

'

the high pressure alarm .

and setpoint. Pressurizer pressure
for an uncomplicated reactor

,

li) trending to trip is expected to fall within ;

[2225-2300 this range. Operation of |
'

psia] pressurizer heaters and spray
should be capable of

and maintaining pressurizer ;

pressure within [2225-2300
,

b. Pressurizer heaters and psia) and within the Post
spray are controlling Accident P-T limits of Figure
pressurizer pressure 4-1.
within the P-T limits of ;

Figure 4-1.

5. Core lleat Removal a. The RCS loop Best estimate analysis shows

AT(Tn-Tc) is less than that SG AT will be less than

[3*F] [3*F] in the steaming loop with
RCPs running. Subcooled

and margin assures adequate core
cooling while r.lso accounting

b. The RCS is subcooled for temperature variations in
based on T RTD the RCS.H
temperature.

6. RCS Heat Removal a. i) At least one Adequate RCS heat removal
steam generator will be maintained if at least
has level within one steam generator is available
normal level for removing heat (capable of
band with steam flow and feed flow).
feedwater The value of [500 gpm total
available to feedwater flow) is sufficient
maintain level feed flow to remove decay heat

(approximately 2% rated
.gI thermal power) from the core.

Decay heat levels may not be
high enough to require 500
gpm) feed flowrate. In this

O case, steam generator levels in
U the normal band satisfies RCS

heat removal.*

. ANf * Emergency operatione GsMennes Pope 4 25
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SAFETY FUNCTION STATUS CHECK BASES
REACTOR TRIP RECOVERY (Continued) ;

)

Safety Function Acceptance Criteria Bases
J

6. (Continued) ii) At least one The criteria for a T,y, of [551-
steam generator 562*F] corresponds to the |

has level being control program for steam |
,

restored to the bypass control valves. ;

normal band by i

feedwater flow )
with level
increasing

i
'

91

iii) Total feedwater ,

flow to either I

or both steam
1generators

greater than
[500 gpm]

* O
b. RCS T,,, is ;

[551-562*F].

7. Containment Isolation a. Containment Pressure [2.0 psig] is based on the
less than [2.0 psig] containment pressure alarm. It

is not expected for an
and uncomplicated reactor trip that

i

containment pressure will
b. No containment area increase to the alarm setpoint.

radiation monitors |

alarming During an uncomplicated i

reactor trip it is not expected j

an_d that radiation will be detected '

inside containment. j

c. No steam plant activity
monitors alarming Steam plant activity is an

indication of a SGTR and is not
and anticipated for a RT.

I

d. No nuclear annex During an uncomplicated
alarms reactor trip, it is expected that

Nuclear Annex and Reactor :

Building alarms will not be !

received.

!

I

l
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w
SAFETY FUNCTION STATUS CHECK BASES |

REACTOR TRIP RECOVERY (Continued) i

Safety Function Acceptance Criteria Bases {

7, (Continued) agi i

I

e. No reactor building
alarms.

i

8. Containment a. Containment Containment temperature less

Temperature and temperature less than than [Il0'F] observes a typical
,

Pressure Control (110'F] Technical Specification
requirement which should not

131 be exceeded for an
uncomplicated reactor trip.

b. Containment pressure [2.0 psig] is based on the ;

less than [2.0 psig]. containment pressure alarm. It j

is expected that the containment |
pressure will not reach this
value following an
uncomplicated reactor trip. )'

9. Containment a. Containment Following an uncomplicated

( Combustible Gas temperature less than reactor trip, containment
Control [110*F] temperature and pressure

should not reach [110*F] and
am! [2.0 psig], respectively.'

Maintaining these containment
b. Containment pressure conditions provides an indirect j

less than [2.0 psig]. indication that the conditions i

required for H generation do2.

not exist.

l

.i

!

V)'
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Event Strategy g
This section contains the detailed RT operator actions strategy flowchart, Figure 4-9. The flowchart
pictorially depicts the strategy around which the RT guideline is built. It is intended to assist the
procedure writer in understanding the intent of the guideline and for use in training. Operators should
understand the major objectives of the guideline in order to permit them to evaluate their progress toward
those goals.

The strategy chart shows the recovery guideline strategy in detail and lists the guideline steps which
correspond to each strategy objective. Those steps which have an asterisk next to the step number can
be performed at any time during the event.

O
,

O

ADM Emergency Operesions GuideAines pay, 4.gg
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SPTA PERFORMED

$ '
.

DIAGNOSTIC ACTIONS

SPTAs AND OnGNOSTIC ACTIONS

REACTOR TRIP ORG
VERIFY SPTA
PERFORMED

1PSTEP#1

CONFIRM
YES UNCOMPUCATED NO

REACTOR TRIP
DIAGNOSIS 7

STEP #2

1 P

1 P

REACTOR TRIP HOYES YES ANOTER NO i

SCFS CRITERIA '

M NT
ACCEPTA9d7 DMGNOSEO7 )

STEP #2= 1 P STEP #2 '

IMPLEMENT
APPROPRIATE

1 P ORG

O CONTROL RCS
WANTORY (PLCS) STEP 82

STEPS 3

CONT RCS RG
PRESSURE (PPCS)

gSTEPM STEP 82

CONTROL RCS HEAT
REMOVAL

I I$TEP so,6

YES NO
C
REQUWtED7

I I I I
STEP 37

NMN W NCOO of O SCS STM * CMG
ENTRY CONDITION |

|

STEP #6 STEP 88 |

l
1

* PERFORM STEP CONTINUOUSLY )

n
Strategy Chart for Reactor Trip Figure 4-9

i
!
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5.0 Loss of Coolant Accident Recovery
.

Purpose

This guideline provides operator actions which must be accomplished in the event of a Loss of Coolant
Accident (LOCA). The actions in this guideline are necessary to ensure that the plant is placed in a
stable, safe condition. The goals of this guideline are to mitigate the effects of a LOCA, to isolate the
break, and if this is not possible, to establifa either long term core cooling using the safety injection i

system or core cooling using the shutdowv cooling system. This guideline achieves this goal while
maintaining adequate core cooling and minimizing radiological releases to the environment. This
guideline provides technical information to be used by utilities in developing a plant specific procedure.

Entry Conditions

1. The Standard Post Trip Actions have been performed ,

91

All of the following conditions exist: ,

a. Event initiated from MODE 3 or MODE 4 !

b. SIAS has F_QI been blocked

1 LTOP has EOI been initiatedQc.

and

2. Plant conditions indicate that a Loss of Coolant Accident has occurred. Any one or more of the

following may be present:

Pressurizer level low (for a break in the pressurizer, the level may be high).a.

b. Safety injection system (SIS) actuated automatically.

Increase in containment pressure, temperature, radiation, humidity and Holdup Volumec.
level.

d. IRWST Temperature increasing

e. Pressurizer pressure decreasing

f. HJTC RVLMS indicates head voiding

g. Loss of subcooling

h. CIAS

i. CSAS

j. Increase in Nuclear Annex Radiation, Temperature, Humidity or Sump Level.

Acer tearem y opmuens owe,es rose s.r
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Exit Conditions

1. The diagnosis of a loss of Coolant Accident is not confirmed.

E

2. Any of the Loss of Coolant Accident Safety Function Status Check acceptance criteria are not
satisfied.

E

3. The less of Coolant Accident EOG has accomplished its purpose by satisfying ALL of the
following:

a. All Safety Function Status Check acceptance criteria are being satisfied.

b. Shutdown Cooling System Entry Conditions are satisfied, g the break has been isolated,
g the RCS is in long term core cooling.

c. An appropriate, approved procedure to implement exists or has been approved by the
[ Plant Technical Support Center or the Plant Operations Review Committee].

O

O
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(A] OPERATOR ACTIONS - :

LOSS OF COOLANT ACCIDENT !,

!

Instructions Contingency Actions ;

; :

* 1. Confirm diagnosis of Loss of Coolant 1. Rediarnose event and exit to either
- Accident by: appropriate Optimal Recovery Guideline

,

or to the Functional Recovery Guideline.
a. verifying Safety Function Status

,

Check acceptance criteria are |

satisfied, |
1

add

b. referring to the Break
Identification Chart (Figure 5-2),

ands

c. sampling both steam generators
'

for activity.

* 2. g pressurizer pressure decreases to or 2. H pressurizer pressure decreases to or

[N . below the SIAS setpoint, D3_q verify an below the SIAS setpoint and an SIAS
SIAS is actuated. has HQI been initiated automatically,"

Ibr.D manually initiate an SIAS.

* 3. E.nBg3 maximum safety injection and 3. g safety injection and charging flow |

charging flow to the RCS by the NQI maximized, _Ib3D do the following
following: as necessary: [

a. start idle SI pumps and verify a. ensure electrical power to valves
SIS flow in accordance with and pumps :
Figure 5-3,

add

b. start charging pump if b. ensure correct SIS valve lineup,
necessary.

c. ensure operation of necessary
auxiliary systems.

!

4

O

* Step Performed Continuously

!

Acer . = . :y cowesaw ouemmu rare s-2 ;
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OPERATOR ACTIONS
LOSS OF COOLANT ACCIDENT (Continued)

Instructions Contingency Actions

* 4. H pressurizer pressure decreases to less 4 Continue RCP operation.

than [1400 psia] following a SIAS, then
do either of the following:

a. H RCS is subcooled then ensure
two of four RCPs are tripped (in
opposite loops).

Et

b. H RCS is b'QI subcooled then
ensure all four RCPs are
tripped.

* 5. Verify RCP operating limits are 5. Trin the RCP(s) which do not satisfy

satisfied. RCP operating limits.

6. Record the time of day. 6.

7. Attempt to isolate the LOCA by 7.
performing the following:

a. verify letdown line is isolated, a. manually isolate letdown,

b. verify sample lines are isolated, b. manually isolate sample lines,

c. Venfy NO leakage into CCW c. H RCS to CCW leak is evident,
system by CCW radiation Then attempt to isolate CCW
monitor b'Ol alanning and no affected RCPs and trip affected

abnonnal increase in CCW operating RCPs.
surge tank level.

d. verify rapid depressurization d. manually isolate rapid
valves are closed depressurization valves.

e. verify reactor coolant gas vent e. manually isolate reactor coolant
valves are closed gas vent valves.

,

O
* Step Performed Continuously

ADM Emergency Operations Gwtiehnes Page 5-4
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OPERATOR ACTIONS |V),

LOSS OF COOLANT ACCIDENT (Continued) |

Instructions Contingency Actions )
8. Venfy LOCA N_QI occurring outside of 8. H LOCA occurring outside of

containment by the following: containment,1]1gl do the following:
,

l

a. nuclear annex radiation a. attempt to locate and isolate
temperature, humidity alarms leak,

'
N_QI alarming,

b. no unexplained increase in b. isolate the nuclear annex
nuclear annex sump levels.

c. no unexplained increase in
subsphere sump levels.

* 9. E containment pressure is greater than 9.
or equal to [2.7 psig) Ihml ensure the
following:

|
a. coutainment isolation is actuated a. H containment isolation does not

p automatically from the ESF occur automatically or all i

(/ panel containment isolation valves are |
not in their accident positions, j

add Ihn) manually initiate j
containment isolation. [ Plant

b. all available containment specific method for manually
recirculation fan coolers isolating containment will be I
operating provided in the plant specific !

EOPs]. |

*10. H containment pressure is greater than 10. :

or equal to [8.5 psig]. IhtD do the I

following:

a. ensure containment spray a. manually actuate containment i

actuation, spray |

add

b. ensure adequate containment b. I

temperature-pressure control by
verifying at least one j

containment spray header
delivering greater than [5000

[, epm]
x

* Step Performed Continuously

ADet . Emmywecy opweWow GWhtm Pope 5-5 .
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OPERATOR ACTIONS
LOSS OF COOLANT ACCIDENT (Continued)

Instructions Contingency Actions

10. (Continued)

c. Ensure that hydrogen c.

recombiners are available for use

d. verify Annulus Ventilation d. manually start annulus

System fans have started and ventilation system

pressure in annulus is decreasing
to < [0" w.g.]

e, verify subsphere building e. manually start subsphere

ventilation system operating building ventilation system
operating.

*11. H containment spray system is operating 11. Continue containment spray system

and containment pressure is less than operation
[5.5 psia), Then containment spray may
be terminated. Upon termination the
CSS must be aligned and reset for
automatic operation or manual restart
and the annulus ventilation system
secured.

*12. Place the hydrogen monitors in service 12.

*13. H the containment hydrogen 13.

concentration is greater than or equal to
0.5%, Then operate the hydrogen
recombiners.

*14. Monitor containment radiation level and 14. Operate CSS, as necessary
provide input to [ Plant Technical
Support Center or Plant Operations
Review Committee] for evaluating the
impact of potential environmental
releases. I

15. H the LOCA NLQI isolated. Then 15. H the LOCA has been isolated, Then
perform steps 16 through 36. perform steps 37 through 55.

1

O
* Step Performed Continuously

i
ADM Emwyenty operations Guidehnes Page S-6 |
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OPERATOR ACTIONS
LOSS OF COOLANT ACCIDENT (Continued)*

Instructions Contingency Actions

1 16. Lf the LOCA has F_QI been isolated, 16.

Ibsn perform a rapid cooldown to SCS
entry cenditions at a rate within
Technical Specification Limits by (listed -

in preferred order):

a. H the condenser is available,
Then cooldown using the steam
bypass system,

0L-
,

b. E the condenser or steam bypass |
system N_QI available, Ibsn
cooldown using the atmospheric
dump valves.

*17. Maintain steam generator levels in the 17.

O normal band throughout the cooldown
,() using main, startup or emergency

feedwater.

*18. Ensure the available emergency 18.

feedwater inventory is adequate per
Figures 5-4 and 5-5.

*19. When pressuric.er level is greater than or 19. Continue to operate available charging
equal to [2%),Ihsn ensure charging and SI pumps for maximum available
and letdown, and the SIS (unless SIS flow,
termination criteria met) are being
operated to maintain pressurizer level
[2% to 78%)

20. Depressurize the RCS to s [450 psia) 20.
by using the following:

a. pressurizer spray.

2.t

b. control of charging and letdown.

s

U st

* Step Perfonned Continuously
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OPERATOR ACTIONS
LOSS OF COOLANT ACCIDENT (Continued)

Instructions Contingency Actions

20. (Continued)

c. operating / throttling SI pumps

el

d. using reactor coolant gas vent
system.

*21. Maintain RCS pressure within the Post *21. If RCS subcooling greater than P-T

Accident P-T limits of Figure 5-1. limits or cooldown rate greater than .
[100*F/Hr.], Then do the following as
appropriate:

a. stop the cooldown

b. depressurize the plant using
main or auxiliary spray or the
Reactor Coolant Gas Vent
System to restore and maintain
pressurizer pressure within the
Post Accident P-T limits of
Figure 5-1.

attempt to maintain the plant in ac.
stable pressure-temperature
configuration or continue to
cooldown within the limits of
Figure 5-1.

6. If overpressurization due to
SI/ charging flow, Then throttle
or secure flow (refer to step 27
and manually control letdown to
restore and maintain pressurizer
pressure within the limits of
Figure 5-1.

*22. If no RCPs are operating,Ihta verify 22. Ensure proper control of steam
single-phase natural circulation flow in generator steaming and feeding (refer to
at least one loop by ALL of the steps 16 and 17) and RCS inventory and
following: pressure control (refer to steps 19 and

20).

* Step Performed Continuously

ADM. Emergency operations G&s page 54
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OPERATOR ACTIONS .

LOSS OF COOLANT ACCIDENT (Continued) j'

!

Instmetions Contingency Actions |

!*22. (Continued)

a. loop AT(Tu - TJ less than
normal full power AT, ,

;

b. hot and cold leg temperatures
constant or decreasing j

. c. RCS subcooled based on
representative CET temperature, ;

I
d. no abnormal difference [ greater

than 10'F] between Tu RTDs ;

and representative CET ;

tempetature. i

f*23. H no RCPs are operating and single- 23.
iphase natural circulation can MQI be

maintained, Ihm flow through the break -

and two-phase natural circulation can j

maintain the heat removal process. The !
,'

!operator should ensure the following:
!

a. SIS flow per Figure 5-3,

add

b, proper steaming and feeding of
the SG (refer to steps 16 and
17),

and

c. representative CET temperature
is less than superheated.

*24. H RCPs are HQI operating,IbtB 24. H RCP operation N_QI desired, QR at |
'

request the Plant Technical Support least one RCP is operating in each loop,
Center to evaluate the need and Ih10 go to step 27.
desirability of restarting RCPs.
Consider the following

,

I

a. adequacy of RCS and core heat
removal using natural--

. i

circulation, - i4

* Step Perfonned Continuously )
.

-
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OPERATOR ACTIONS
LOSS OF COOLANT ACCIDENT (Continued)

Instructions Contingency Actions

*24. (Continued)

b. existing RCS pressurr and
temperatures,

c. the need for main pre 7tizer
spray capability,

d. the duration of CCW
interruption to RCPs,

c. RCP seal staging pressures and
temperatures.

f. The length of time the plant was
in two-phase natural circulation
cooling.

g. The length of time the plant has
been in single-phase natural
circulation.

*25 Determine whether RCP restart criteria 25.
are met by ALL of the following:

a. The Plant Technical Support
Center has reviewed and
reconunended RCP restart,

b. Natural circulation has been
established per Step 22 for the
preceding [20 minutes),

c. electrical power is available to
the RCP's

d. RCP auxiliaries (CCW) to
maintain seal cooling, bearing,
and motor cooling are operating,
and there are no high
temperature alarms on the
selected RCPs,

O
* Step Performed Continuously

ADM. Emergency Operations Gundesmes Page S-10
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OPERATOR ACTIONSQ -

LOSS OF COOLANT ACCIDENT (Continued) -

t

Instructions Contingency Actions |
.

*25 (Continued) |

e. at least one steam generator is
available for removing heat from
the RCS (ability for feed and
steam flow),

f. pressurizer level is greater than
[33%) and not decreasing,

g. RCS is subcooled based on
representative CET temperature
(Figure 5-1),

h. [other criteria satisfied per RCP
operating instructions).

*26. H RCP restart desired and restart criteria 26.
satisfied,IhCD do the following:

10
a. start one RCP in each loop, !(,)

b. ensure proper RCP amperage
and NPSH,

c. operate charging (and SI) pumps
until pressurizer level greater
than [14.3%)

*27, H SI pumps are operating,Ihen they 27. Continue SI pump operation.
may be throttled or stopped, one pump
at a time, if ALL of the following are
satisfied:

a. RCS subcooled based on
representative CET temperature
(Figure 5-1),

b. pressurizer level is greater than
- [14.3%) and not decreasing,

c. at least one steam generator is
available for removing heat from !-

the RCS (ability for feed and |

t
steam flow), tv; ,

* Step Performed Continuously |
'
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OPERATOR ACTIONS
LOSS OF COOLANT ACCIDENT (Continued)

Instructions Contingency Actions

*27. (Con:inued)

d. the IUTC RVLMS indicates a
minimum level at the top of the
hot leg nozzles.

*28. H the criteria of step 27 cannot be 28.

maintained after SI pumps throttled or
stopped,Ihun appropriate SI pumps
must be restarted and full SIS flow
restored.

*29. Monitor In-containment Refueling Water 29. Maintain IRWST level by replenishment

Storage Tank (IRWST) level and venfy from available sources as necessary.

reactor cavity sump level or lloldup
Volume Tank (HVT) increases as
IRWST level decreases.

30. Bypass or lower the automatic initiation 30.

setpoint of [MSIS) as the cooldown and
depressurization proceed.

31. When pressurizer pressure reaches [740 31.

psia] Then reduce safety injection tank
pressure to [300 psia).

*32. When pressurizer pressure reaches [445 32.

psia], Ihut isolate, vent or drain the
safety injection tanks (SITS).

33. LqitLatg low temperature 33.

overpressurization protection at T,

[259*]

34. H SI throttle stop criteria of step 27 are 34.

met Ihe.D go to Step 36.

35. At [2-4 hours] after start of LOCA, H at 35.
least one steam generator is available for
RCS heat removal, Then do the
following:

O
* Step Performed Continuouslya

ADM Emergency Opera 6 ions GuideGnes Page 5-12
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) OPERATOR ACTIONS t

LOSS OF COOLANT ACCIDENT (Continued)
'

"

i

Instructions Couti.,ay Actions'

35. (Continued)

a. establish simultaneous hot leg |
and direct vessel injection
(unless SCS operation can be I

established before the [4 hour] !

time limit), !

add

b. maintain steam generator heat ;

removal and continue RCS ,

cooldown (refer to steps 16 and

17).
,

36. When the following SCS entry 36. If SCS entry conditions can NOT be
established, IhtD o the following asdconditions are established:

'
appropriate:

'

/^ a. pressurizer level > [14.3%) and
( constant or increasing, a. maintain natural cir:ulation ;

(refer to steps 25 and 26),

b. RCS subcooled,
b. maintain simultaneous hot and'

c, RCS pressure s 450 psia direct vessel injection if
necessary (Refer to step 35), 1

d. RCS Tu s [400*F],
c. Lf the RCS fails to depressurize

e. RCS activity level within plant and voiding is suspected Ihta
specific limits monitor for voids dw

following indications, parameter :
'

IbsD exit this guideline and initiate SCS changes, or trends:

operation per [ operating instruction),
include any special precautions or i) letdown flow greater |
procedure modifications from the [ Plant than charging flow, |

Technical Support Center or Plant |
Operations Review Committee). ii) pressurizer level

increasing significantly
more than expected {

while operating i

pressurizer spray |
;

|

O
* Step Performed Continuously |

|
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OPERATOR ACTIONS
LOSS OF COOLANT ACCIDENT (Continued)

Instructions Contingency Actions

36. (Continued) iii) the HJTC RVLMS
indicates that voiding is
present in the reactor
vessel,

iv) IUTC unheated
thermocouple
temperature indicates
saturated conditions in
the reactor vessel upper
head,

d. H voiding inhibits RCS
depressurization to SCS entry
pressure, IheD attempt to
eliminate the voiding by:

i) verify letdown is
isolated,

Oand

ii) stop the depressurization

and

iii) pressurize and
depressurize the RCS
within the limits of
Figure 5-1 by operating
pressurizer heaters and
spray or Si and the
charging pump.
Monitor pressurizer level
and the IUTC RVLMS
for trending of RCS
inventory.

e. H depressurization of the RCS to
the SCS entry pressure is still
not possible, and voiding is
suspected to exist in the steam
generator tubes. Ih?qn attempt to
eliminate the voiding by:

* Step Performed Continuously

)'
ADM . Emergency operanons Gsndehnes Page 5-14
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OPERATOR ACTIONS
LOSS OF COOLANT ACCIDENT (Continued)

Instructions Contingency Actions

36. (Continued) i) cool the suspected steam
generator (by steaming
and/or blowdown, and
feeding) to condense the
steam generator tube
void,

and

ii) monitor pressurizer level
for trending RCS
inventory.

f. If depressurization of the RCS to
the SCS entry pressure is still
not possible, then attempt to
eliminate the voiding by:

i) operate the pressurizer

O' vent or the reactor
coolant gas vent to clear
trcpped non-condensible
gases.

and

ii) monitor pressurizer level
and/or the HJTC
RVLMS for trending of
RCS inventory.

37. If LOCA is isolated, Dsn perform steps 37.
38 though 55.

*38. If SI pumps are operating,Ihen they 38. Continue SI pump operation.
may be throttled or stopped, one pump
at a time, if ALL of the following are
satisfied:

a. RCS subcooled based on
representative CET temperature
(Figure 5-1),

* Step Performed Continuously

Acer - Emo noner opeon'n** Gemnme"** Per* 5-15
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OPERATOR ACTIONS
LOSS OF COOLANT ACCIDENT (Continued)

lastnictions Contingency Actions

*38. (Continued)

b. pressurizer level is greater than
[14.3%) and not decreasing,

c. at least one steam generator is
available for removing heat from
the RCS (ability for feed and
steam flow).

d. the llJTC RVLMS indicates a
minimum level at the top of the
hot leg nozzles.

*39. H criteria of step 38 cannot be 39.

maintained after Si pumps throttled or
stopped,Ibra appropriate SI pumps
must be restarted and full SIS flow
restored.

*40. Control charging if available and 40. H RCS subcooling can N_QI be
maintained, Ihe l [78%) may beletdown, and SI (unless SIS termination j

criteria met) to restore and maintain exceeded to restore RCS subcooling.

pressurizer level [2% to 78%).

41. Detiressurire the RCS to s [450 psia) 41.
by using the following:

a. pressurizer spray,

DI

b. control of charging and letdown

DI

'

c. operating / throttling Si pumps.

9I

d. operating reactor coolant gas
vent system

* Step Performed Continuously

ADAt Emergency operatens Gadenines Page S-16
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G.(g OPERATOR ACTIONS ;

LOSS OF COOLANT ACCIDENT (Continued)
~

Instructions Contingency Actions

*42. Maintain pressurizer pressure within the 42. RCS subcooling greater than P-T limits

Post Accident P-T limits of Figure 5-1. or cooldown rate greater than
[100*F/Hr], IbeD do the following as '

appropriate:

a. stop the cooldown

b. depressurize the plant using
main or auxiliary spray if
available or use the Reactor ,

Coolant Gas Vent System to
restore and maintain pressurizer
pressure within the Post
Accident P-T limits of Figure
5-1.

,

c. attempt to maintain the plant in a
stable pressure-temperature
configuration or continue tof') cooldown within the limits ofv
Figure 5-1.

d. If overpressurization due to
SI/ charging flow, IhfD throttle
or secure flow (refer to step 38) ,

and manually control letdown to |
irestore and maintain pressurizer

pressure within the limits of )
Figure 5-1.

*43, hiaintain steam generator levels in the 43.
normal band using main, startup or
emergency feedwater,

1

*44. Ensure the available emergency 44.
feedwater inventory is adequate per
Figures 5-4 and 5-5. )

|

1

.

1

L |

* Step Performed Continuously -|

|
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OPERATOR ACTIONS
LOSS OF COOLANT ACCIDENT (Continued)

Instructions Contingency Actions

*45. Borate the RCS to maintain shutdown 45.
margin in accordance with Technical
Specifications.

iL0d

P1gvsal boron dilution by pressurizer
outsurge by the following (listed in
preferred order):

a. borate the entire RCS (including
the mass in the pressurizer) to
cold shutdown conditions.

E

b. use main or auxiliary spray if
available to increase and
maintain pressurizer boron
concentration within [50 ppm] of
RCS boron concentration.

46. Pgrform a controlled cooldown in 46.
accordance with Technical Specifications
by (listed in preferred order):

a. steam bypass system

M

b. atmospheric dump valves.

*47. If no RCPs are operating,Ibeu verify 47. EDsuls proper control of RCS inventory
single-phase natural circulation flow in and pressure control (refer to Steps 40
at least one loop by AJA of the and 41) and steam generator feeding and
following: steaming (refer to Steps 43 and 46).

a. loop AT(Tu - T,) less than
normal full power AT,

b. bot and cold leg temperatures
constant or decreasing,

O
* Step Performed Continuously

ADM ; nergency operations Gadonnes Page 5-18
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i OPERATOR ACTIONS
LOSS OF COOLANT ACCIDENT (Continued) !

Instructions Contingency Actions ;-
;

.

*47. (Continued) 1

!
!c. RCS subcooled based on

represer.tative CET temperature,
'

:

:

d. no abnormal difference [ greater ,

'
than 10*F) between Tg RTDs
and representative CET

-

temperature.'

i:
- *48. H RCPs are N_QI operating,Ihta 48. H RCP operation N_QI desired, QE at j

request the Plant Technical Support least one RCP is operating in each loop, t
,

Center to evaluate the need and Ihtn go to Step 51.
desirability of restarting RCPs. j

,

Consider the following:
i

; .a. adequacy of RCS and core heat i

removal using natural circulation !

b. existing RCS pressure and
temperatures, ;

c. the need for main pressurizer
spray capability,

i - d. the duration of CCW
interruption to RCPs,

c. RCP seal staging pressures and
temperatures.

f. The length of time the plant was,

in two-phase natural circulation
'

cooling,

g. The length of time the plant has
been in single phase natural
circulation.

E

O
'

* Sicp Performed Continuously
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OPERATOR ACTIONS
LOSS OF COOLANT ACCIDENT (Continued)

Instructions Contingency Actions

*49. Determine whether RCP restart criteria 49.

are met by ALL of the following:

a. The Plant Technical Suppon
Center has reviewed and
recommended RCP restart,

b. Natural circulation has been
established per Step 47 for the
preceding [20 minutes),

c. electrical power is available to
the RCP bus, ,

d. RCP auxiliaries (CCW) to
maintain seal cooling, bearing,
and motor cooling are operating,
and there are no high
temperature alarms on the
selected RCPs,

e. at least one steam generator is
available for removing heat from
the RCS (ability for feed and
steam flow),

f. pressurizer level is greater than
[33%] and not decreasing,

g. RCS is subcooled based on
representative CET temperature
(Figure 5-1),

h. [other criteria satisfied per RCP
operating instructions).

* Step Performed Continuously

ADM . Emergency operosions Gudnines Page S-20
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I OPERATOR ACTIONS

. LOSS OF COOLANT ACCIDENT (Continued)
,

t

Instructions Condi wi Actions ;

*50. If RCP restart desired and restart criteria 50.
satisfied,Ihg1 do the following:

a. stan one RCP in each loop, !

b. ensure proper RCP operation by
,

monitoring RCP amperage and i

NPSH, ,

c. operate changing (and SI) pumps
until pressurizer level greater

than [14.3%) (and Si termination
criteria met. Refer to step 38).

c

51. Bvoass or lower the automatic initiation 51.
setpoints of MSIS, and SIAS as the |

cooldown and depressurization proceed !

!

/^ *52. F_hni pressurizer pressure reaches [740 52. i

psia] Ihn) reduce safety injection tank
pressure to [300 psia].

*53. When pressurizer pressure reaches [445 53.
psia], Ihen isolate, vent or drain the
safety injection tanks (SITS).

54. Initiate low temperature 54. ;

overpressurization protection (LTOP) at
T, < [259'F]. )

55. When the following SCS entry 55. If the RCS fails to depressurize, Then a ,

conditions are established: void should be suspected.

a. pressurizer level > [33%) and a. voiding in the RCS may be
constant or increasing, indicated by any of the following ;

indications, parameter changes, ;

or trends:

i) letdown flow greater
than charging flow,

,

O
C/ '

* Step Performed Continuously
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OPERATOR ACTIONS
LOS" 9F COOLANT ACCIDENT (Continued)

Instructt . , Contingency Aaions

55. (Continued) ii) pressurizer level
increasing significantly
more than expected
while operating
pressurizer spray.

iii) the HJ1C RVLMS
indicates that voiding is
present in the reactor
vessel

iv) HJTC unheated
thermocouple
temperature indicates
saturated conditions in
the reactor vessel upper
head,

b. RCS subcooled b. If voiding inhibits RCS
depressurization to SCS entry
pressure, Then attempt to
eliminate the voiding by:

i) verify letdown is
isolated,

add

ii) stop the
depressurization,

add

iii) pressurize the
depressurize the RCS
within the limits of
Figure 5-1 by operating
pressurizer heaters and
spray or SI and charging
pumps. Monitor
pressurizer level and the
HJTC RVLMS for
trending of RCS
inventory.

i* Step Performed Continuously

ADM Emergency Operations Gunionines Page S-22
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OPERATOR ACTIONS
, LOSS OF COOLANT ACCIDENT (Continued)

,

|

I
Instructions Contingency Actions i

!

55. (Qntinued) I

c. RCS pressure s [450 psia) c. jf depressurization of the RCS to :
the SCS entry pressure is still |
not possible, mi voiding is :

suspected to exist in the steam ;

generator tubes,11ED attempt to (
eliminate the voiding by: .

i) cool the suspected steam ;

generator (by steaming
and/or blowdown, and i

'

feeding) to condense the
steam generator tube i

void,

|
"'

ii) monitor pressurizer level

O for trending RCS
inventory.

d. RCS TH s [400*F], d ]f depressurization of the RCS to
the SCS entry pressure is still

c. RCS activity level within plant not possible, ilEn attempt to
specific limits eliminate the voiding by:

11E0 exit this guideline and initiate SCS i) operate the pressurizer
operation per operating instruction. vent or the Reactor

~ Include any special precautions or Coolant Gas Vent
procedure modifications from the Plant System to clear trapped
Technical Support Center or Plant non-condensible gases,
Operations Review Committee.

And

ii) monitor pressurizer level
and/or the HJTC
RVLMS for trending of
RCS inventory.

!
'

The LOCA Guideline has accomplished its purpose if the plant is in a condition where all of the Safety
Function Status Check acceptance criteria are being satisfied, and the RCS is either in long term core |
cooling (i.e.,~ recirculation through the SIS), the break has been isolated, or SCS entry conditions are
satisfied. Further recovery actions must be identified by the (Plant Technical Support Center).

mm
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Supplementary Information h
This section contains items which should be considered when implementing EOGs and preparing plant

specific EOPs. The items should be implemented as precautions, cautions, notes, or in the EOP training
program.

1. During all phases of the cooldown, monitor RCS temperature and pressure to avoid exceeding
a maximum cooldown rate greater than Technical Specification Limitations.

2. Do not place systems in " manual" unless misoperation in " automatic" is apparent. Systems
placed in " manual" must be checked frequently to ensure proper operation.

3. All available indications should be used to aid in the evaluation of plant conditions since the
accident may cause irregularities in a particular instrument reading. Instrument readings must
be corroborated when one or more confirmatory indications are available (e.g., during rapid
depressurization the indicated level in the pressurizer may be too high).

4. If there is a high radioactivity level in the reactor coolant system, then circulation of this fluid
through the SCS or the CVCS may result in high arer. radioactivity readings in the subsphere or
nuclear annex. The activity level of the RCS should be determined prior to initiating SCS or
letdown flow.

5. For small breaks in the RCS where the steam generators are important for heat removal, one
steam generator must be used for this purpose even if primary to secondary leaks are detected.
Use the unaffected steam generator, or the least affected steam generator, if both have primary
to secondary leaks.

6. If operation of the containment spray system is necessary, the annulus ventilation should be
operated in conjunction with containment spray system.

7. If the initial cooldown rate exceeds Technical Specification Limits, then there may be a potential
for pressurized thermal shock (PTS) of the reactor vessel. Post Accident Pressure / Temperature
Limits should be maintained within the limits of Figure 5-1.

8. Minimize the number of auxiliary spray cycles whenever the temperature differential between the
spray water and the pressurizer is greater than [200*F] in order to minimize the increase in the
spray nozzle thermal stress accumulation factor.

9. High containment temperature conditions may adversely impact the accuracy of instmments
whose transmitters are located inside containment (e.g., pressurizer level and pressure, steam
generator pressure and level, RCS loop RTDs) and may impact the continued availability of
equipment located in containment.

10. Verification of an RCS temperature response to a plant change during natural circulation cannot
be accomplished until approximately 5 to 15 minutes following the action due to increased loop
cycle times.

11. Solid water operation of the pressurizer should be avoided unless subcooling cannot be maintained
'

in the RCS (Figure 5-1). If the RCS is solid, closely monitor any makeup or draining, and any
system heatup or cooldown, to avoid any unfavorable rapid pressure excursions.

1
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12. Hot leg and cold leg RTD temperature indication may be influenced by charging pump or SIS |C

injection water temperatures. Use muhiple RTD indications and/or CET indications for l

temperature when injection is occurring.
'

13. During the process of establishing entry conditions (RCS pressure and temperature) for SCS
operation, it may be necessary to eliminate or reduce the size of the steam void in the reactor
head. Ensure sufficient condensate availability to continue steam generator heat removal until
the RCS pressure and temperature are reduced sufficiently, and SCS operation is accomplished.

14. When a void exists in the reactor vessel, and RCPs are not operating, the HJTC RVLMS
provides an accurate indication of reactor vessel liquid inventory. When a void exists in the
reactor vessel, and RCPs are operating, it is not possible to obtain an accurate reactor vessel
liquid level indication due to the effect of the RCP induced pressure head on the HJTC RVLMS.
Information concerning reactor vessel liquid inventory trending may still be discerned. However,
the operator is cautioned not to rely solely on the HJTC RVLMS indication when RCPs are
operating, and to use other means of level indication if available.

15. The operator should continuously monitor for the presence of RCS voiding and take steps to
eliminate voiding any time voiding causes the heat removal, or inventory control, safety functions !

to legin to be threatenej. Void elimination should be started soon enough to ensure heat removal
and inventory control are not lost.

l

16. Operation of the CSS may be desirable in the event of an iodine buildup in containment. |
'

Q I
I /V 17. Small breaks located at the top of the pressurizer (e.g., stuck open safety relief valve) will result

in flashing and steam production in the resctor vessel and hot legs. This steam will flow towards
the break through the pressurizer surge line and oppose the draining of the pressurizer liquid.
Thus, the liquid level in the pressurizer may increase or exhibit erratic behavior due to the
competing steam-water counter current flow condition. A similar behavior may be observed if
the break is in the surge line,

f
18. Operation of any equipment in the containment building when containment hydrogen !

'

concentration 2: 4% should consider the possibility of hydrogen ignition. Consideration should
be given to the following:

f
The importance to safety of equipment operation,a.

I
|

b. The urgency of equipment operation, i

1

c. The use of alternative equipment located outside containment,

d. The current hydrogen level and the anticipated time to reduce H s [4%] J2

|

19. Measured containment hydrogen typically represents a value of hydrogen in units of percent by I

volume of dry air. The measured hydrogen will typically indicate higher than the actual
containment hydrogen for a steam / air mixture inside containment. The indicated value should,
therefore, be corrected to account for any steam / air mixture inside containment.n

,
~

|

|
,

ADM - Emergency operations Gwdehnes Page S-25
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20. The loss of one vital AC or DC train will not prevent the operators from performing the actions
of this guideline. However, it is desirable to have a complete complement of electrical equipment
to mitigate and to recover from an event. Therefore, the operators should attempt to restore
electrical power to all vital AC or vital DC buses.

21. SI pumps 1 and 2 are provided with low flow throttle valves installed in parallel to the SIAS
actuated main discharge path valves. Low flow throttle valves should be used when very low SI
pump flow rates are required for controlling RCS pressure.

22. For certain small break LOCAs, there is a possibility that undiluted (or lower boron
concentration) condensate could collect in the suction leg of the RCPs during a prolonged two-
phase natural circulation cooling process. If an RCP is then started, prior to establishing natural
circulation for at least [20 minutes), this " slug" of condensate could be swept to the core and
produce unacceptable results. Therefore, careful consideration must be given to this possibility
prior to the operating staff and TSC authorizing the restart of any RCP. (This information, in
corxlensed format, should be provided as a caution in the procedure.)

23. The Shutdown Cooling Pumps and the Containment Spray Pumps are functionally
interchangeable. In addition, the CS pumps and CS heat exchangers can be used as a backup to
the SCS pumps and heat exchangers to provide residual heat removal. Therefore, if containment
spray or shutdown cooling is required but not available due to pump malfunction or
unavailability, the backup components may be aligned, if not already being used for their
intended function, and operated as an alternate success path.

24. The Diverse Manual ESFAS provides a diverse means of initiating the following in the event of
a ESFAS common mode failure which results in the failure of the ESFAS systems to
automatically and manually actuate:

- 2 trains of Safety Injection

One train of Containment Spray-

One train of Emergency Feedwater-

- Closure of the Main Steam Isolation Valves

Closure of the Containment Air Purge Valves-

- Closure of a Letdown Isolation Valve

These Diverse Manual ESFAS signals are initiated by the operator through the manual actuation
of switches located in the Main Control Room in the event the automatic and manual actuation
signals fail. The operator should be aware, however, that the actuation switches provide for
system level actuation of these signals and once these signals are actuated, all datalinks, network
communications, and all computers with large software applications are bypassed.

O
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PR; MARY BREAK OR SECONDARY BRE.AK SUSPECTED

A.

SUBCOOUNG
YES INCREAS:NG ANDOR NO

ONE OR BOTH SGs
INDICATE PRESSURE

LOW 7

9 P

EXCESS STEAM
DEMAND EVENT PRIMARY SM

(ESDE) BREAK
|

II1P
e. C.

CONTAINMENT YES CONTAINMENT NO
YES N PRESSUREPRESSURE

INCREASING 7'INCREASING 7

O
D. ' I

YES ACTMTY I NO
STEAM
PLANT 7

1P 1 P 1P lf 1P

ESDE IN ESDE OUT OF t.OCA INSIDE SGTR IDE
CONTAINMENT CONTAINMENT CONTAINMENT CONTAINMENT

* MAY BE SLOWIN THE CASE OF SMALL BREAK LOCA IN CONTAINMENT

Break Identification Chart Figure 5-2
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SAFETY FUNCTION STATUS CHECK
LOSS OF COOLANT ACCIDENT

Safety Function Acceptance Criteria

Reactor power decreasing'1. Reactivity Control 1. a.

alLd

b. Negative Startup Rate

DDd

c. Maximum of I CEA EQI fully
inserted or borate per Tech.
Specs.

2. Maintenance of Vital Auxiliaries (AC 2. All vital Division I [4.16 kV AC], [125

and DC Power) V DC], and [120 V AC] Distribution
Centers energized,

%

All vital Division Il [4.16 kV AC], [125
V DC], and [120 V AC] Distribution
Centers energized.

3. RCS Inventory Control 3. a. ]f LOCA is isolated, IbeB
ensure:

O charging and letdown,
and SIS flow (per Figure
5-3) maintaining or
restoring pressurizer

level [2% to 78%]
(unless SIS termination
criteria met)

slid

ii) the RCS is subcooled

a_Ild

iii) the IUTC RVLMS
indicates the core is
covered

E

- -,--. o ..

_ . _ - - _ _ _ _ _ - - _ . _
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O
E y/ SAFETY FUNCTION STATUS CHECK ,

LOSS OF COOLANT ACCIDENT (Continued)
.

Safety Function Acceptance Criteria
,

3. (Continued) b. If LOCA F_QT isolated,Ihta
ensure:

i) available charging pump ,

is operating and the Si
pumps are injecting
water into the RCS per i

Figure 5-3,-

1

add

ii) the HJTC RVLMS
indicates the core is
covered.

4

4. RCS Pressure Control 4. a. Pressurizer heaters and spray, or
charging pump and SI pumps,
are maintaining or restoring

O pressurizer pressure within the.

t/ limits of Figure 5-1.

9.L

b. available charging pump is
operating and the SI pump (s) are
injecting water into the RCS per
Figure 5-3 (unless SIS
termination criteri3 are met).

5. Core Heat Retroval 5. Tu RTD and representative CET
temperatures less than superh:ated.

6. RCS Heat Removal 6. a. At least one steam generator has
level:

i) within the normal level
band with feedwater
available to maintain
level

9.L
,

ii) being restored by main, ;
V emergency or startup

feedwater flow

ADM -:- , :y Opereeinne '^=m Pope 5-33
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SAFETY FUNCTION STATUS CHECK
LOSS OF COOLANT ACCIDENT (Continued)

Safety Function Acceptance Criteria

No steam plant activity monitors7. Containment Isolation 7. a.
alarming

add

b. i) Containment pressure
less than [2.7 psig)

9L

ii) CIAS present or
manually initiated

add

c. i) No containment area
radiation monitors
alarming

Gm

ii) CIAS present or
manually initiated and
annulus vent system is
operating ad Subsphere
building ventilation
system operating.

8. Containment Temperature & Pressure 8. a. i) Containment temperature

Control less than [236*F]

a_nd

ii) Containment pressure
less than [8.5 psig]

DI

b. At least one containment spray
header delivering at least [5000
gpm].

O
|
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SAFETY FUNCTION STATUS CHECKt] LOSS OF COOLANT ACCIDENT (Continued)

Safety Function Acceptance Critenia

9. Containment Combustible Gas Control 9. a. Hydrogen concentration less
than 0.5% .

9L
l

'

b. i) available hydrogen
recombiners energized

add

ii) Hydrogen concentration
'

less than 4%.

DE
:\

c. Hydrogen mitigation system
operating in accordance with

;

plant specific operating |
instructions.

|

|

,

l

r

.

J

|
,

'
ADet * L e,. :y Opereeiens Gendennes Page 5-35

_ __ . _ _ _



System 80+ Design ControlDocument

Bases

The bases section of the Loss of Coolant Accident (LOCA) Recovery Guideline describes the LOCA
transient in relation to the actions which the operator takes during a LOCA. The purpose of the bases
section is to provide the operators with information which will enable them to understand the reasons for,
and the consequences of, the actions they take during a LOCA.

Characterization of a LOCA

A LOCA is an accident which is caused by a break in the reactor coolant system (RCS) pressure
boundary. The break can be as large as a double ended guillotine break in the hot leg or as small as a
break which results in a loss of RCS fluid at a rate that isjust in excess of the available charging capacity

of the plant.

Small and large break LOCAs differ in their effect on the post-LOCA RCS heat removal process. For
a large break, the only path necessary for RCS heat removal in both the short and long term is the break
flow with core boiloff. For small breaks, heat removal via the flow out the break is not sufficient to
provide cooling and, therefore, steam generator heat removal is required. The guidelines take this into
account with the decisions which must be made. Although distinct small and large break LOCA
information is contained in the bases section of this guideline, the action steps to be used during the actual

emergency do not require the operator to distinguish between break sizes.

A LOCA is characterized by an initial decrease in RCS pressure and inventory. Subsequent RCS
inventory and pressure response depends on the size of the break. For large breaks inside containment,
an increase in containment temperature and pressure occurs relatively soon after the LOCA. However,
a small LOCA may not be detectable on containment temperature and pressure instruments in the short

The actions taken by the operator during a LOCA, and more detailed descriptions of LOCAterm.
response, are provided in the following sections.

Safety Functions Affected

The LOCA primarily affects RCS inventory and pressure control, and RCS and core heat removal. To
e !Ner degree, reactivity control, containment isolation, and containment temperature and pressure
control are also affected. All safety functions should be monitored to assure public safety or to detect
failures which might lead to unsafe conditions.

RCS inventory control is initially lost since the break flow rate exceeds the available charging pump
capacity. For small breaks, RCS inventory control is regained via injection from the safety injection (SI)
pumps and the charging pumps. It is maintained in the long-term by injection from these pumps. For
large breaks, inventory control is regained t' - , the injection of water into the RCS by the safety
injection tanks (SITS) and the safety injection % pumps. It is maintained in the long-term through the
recirculation of sump water through the RCS oy the HPSI pumps. Note that for large breaks, the RCS
may not totally refill and pressurizer level may not be regained. If the large break is unisolable,
continuous injection is required to make up for the loss out the break and to prevent boron precipitation. i

RCS pressure control is initially lost as the RCS depressurizes because of the loss of inventory out the
break. For large breaks, the RCS depressurizes in 10 seconds to 3 minutes to pressures typically below
300 psia. In the case of the largest breaks, the RCS pressure will reach equilibrium with containment
pressure, and will be nearly equal to that pressure. Because of the size of the break, the operator never
regains direct control of RCS pressure and the RCS remains depressurized. For small breaks, the RCS

ADAt * Emergency Operabians GuateAines Page 5-36
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- depressurizes during the short-term (10 to 30 minutes) to an equilibrium condition with the steam |
generators. It then continues to depressurize as the operator cools down the steam generators. Pressure ;

control is regained when the safety injection system (SIS) refills the RCS and pressurizer level is |
regained. Once pressure control is regained, subsequent small break post-LOCA operator actions which |

4

I are associated with pressure control are (1) decreasing RCS pressure by means of auxiliary sprays, (2) |
!

controlling SI pumps and charging, (3) heat removal via the steam generators in order to establish
shutdown cooling entry conditions and, (4) isolating or depressurizing the SITS. For small break LOCAs, ji

during the period of time when the RCS is refilling (pressure control has not yet been achieved), there j'

may be significant voiding in the RCS. The voided areas may be located in the reactor vessel head region ;
,

as indicated by the IUTC RVLMS, the RCS loops, or the steam generator u-tubes, and may be made up !

of steam or non-condensible gases. Steam voids may occur from fluid flashing in local hot spots within |
the RCS. This voiding is not a problem as long as heat removal is not inhibited or the ability to reduce |';

primary pressure is not greatly reduced. The presence of small amounts of non-condensible gases may
be present from sources such as gases evolving from the primary coolant and pressurizer vapor space. ,

If their presence is detected in the RCS the reactor vessel head vent may be operated. The presence of ;'

non-condensible gases in the steam generator tubes is characterized by a decrease in primary to secondary ;
,

j heat removal capability. RCS heat removal is not jeopardized by the presence of non-condensibles until j

[ a significant number of steam generator tubes are blocked. A significant number of tubes will not be |
' blocked unless there is considerable oxidation of fuel cladding, and this is not expected for the small i

'

! break LOCA, unless significant core uncovery occurs.
!

There are two paths initially available for RCS heat removal: heat transfer to the secondary side via the !
steam generators, and heat transfer via the fluid flowing out the break. Large break LOCAs have !

sufficient fluid flowing out the break to provide adequate heat removal without relying on steam |,

generators. Small break LOCAs do not have sufficient fluid flowing out of the break to provide adequate j

heat removal. Therefore, steam generator heat removal is required in addition to break flow for adequate
'

,

i- heat removal. Because the LOCA ORO does not distinguish between large and small break LOCAs,
steam generator heat removal capability is required at all times during a LOCA.

The large break LOCA heat removal process is t ot complex. For cold leg breaks the SIS refills the
reactor vessel (RV) and provides only enough fluid to the core to match boil off. The excess injected
fluid spills out of the cold leg break. The steam from core boil off passes out the hot leg and through

,

the steam generators on its way out the cold leg break. For the hot leg break, the injected water builds
,

up in the cold legs and provides the core with water for boil off heat removal and some single phase
cooling. In the long term, heat removal is provided by simultaneous hot and cold leg injection. This

,

process provides heat removal for either hot or cold leg large break LOCAs while providing the added
benefit of ensuring adequate flushing of the RV to avoid buildup of non-volatile materials produced in

a the boil off cooling process. Figures 5-6 and 5-7 illustrate the heat removal process for large break
5 LOCAs.

The small break LOCA heat removal process is more coniplex than that described above for the large
break. In the short-term, after the RCPs are tripped, core heat removal is maintained by natural

_

circulation. Since the break is not large enough to adequately remove the heat, heat removal via a steam
generator is required. This requires that the operator maintain feedwater (either main, startup or
emergency) to the steam generators and control steam flow from the steam generators via the steam
bypass system or the atmospheric dump valves; Figures 5-8 and 5-9 illustrate the heat removal process

'

for typical small break LOCAs. The typical percentage of required RCS heat removed by the steam
generators for various break sizes is illustrated in Figures 5-10 and 5-11.
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The small break natural circulation process can take different forms. These forms include single phase
natural circulation and a more complex two phase natural circulation. The simplest form of natural
circulation is single phase, liquid cooling. Single phase natural circulation is possible for cases where
RCS inventory and pressure are controlled. Single phase cooling transports heat using the same flow path
involved in forced circulation cooling with the liquid density difference between SG and RV driving the
flow. Two phase natural circulation involving steam and water is more complex and can take several
forms, which depends on the amount of decay heat, the amount of inventory and pressure control
degradation, the break size and the status of the SIS and the steam generators. One form of two phase
natural circulation is known as reflux. In the reflux process, steam leaves the core region and travels to
the steam generator via the hot leg; the steam is condensed in the steam y.nerator before reaching the
top of the "U" tubes and flows back to the core via the hot leg where it is once again turned to steam.
Another two phase natural circulation process is similar to reflux but differs in that the steam from the
core goes past the steam generator "U" bend and is condensed in the tubes on the cold leg side; thus
condensate flows back to the core via the cold leg. A combination of the two processes is also possible.

'The operator has adequate instrumentation to monitor natural circulation for the single phase liquid
natural circulation process. The RCS temperature instrumentation, and loop AT can be used along with
other information to confirm that the single phase natural circulation process is effective. The natural
circulation processes involving two phase cooling are complex and varied enough so that RCS loop AT
may not be a meaningful indication of adequate natural circulation cooling. The guidelines are written
to alert the operator to use explicit acceptance criteria for natural circulation only when RCS inventory
and pressure are controlled.

For cases where two phase natural circulation cooling is the heat removal process, the operator relies ,

upon maintaining the steam generator heat removal process and the strict rules that require the SIS to
remain operating to restore inventory control. In addition, the core exit thermocouple temperature and
Tu temperature indication are important in monitoring heat removal during two phase natural circulation
cooling. As long as these temperatures remain within acceptable limits they indicate that heat removal
and inventory functions are being satisfied.

The time frame for the transition from single phase liquid natural circulation cooling to the reflux mode
is determined by the relative size of the small break. The operator should be aware that this transition
may cause confusing temperature indications as the RCS loop ATs readjust to reflect the transition in
progress. The emphasis in the guideline is to continue the steam generator heat removal process,
continue restoring inventory control, and to continue monitoring the core exit thermocouples to confirm
the heat removal process is adequate. !

l
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Break Diameter versus Decay IIcat Removal by Steam Generators Figure 5-11
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Once RCS pressure and temperature are reduced, RCS heat removal is provided by the shutdown cooling
system-if possible. In the event that liquid inventory in the steam generators is not adequate to remove !

decay heat, a source of feedwater is unavailable, and the SCS is inoperable, the operator is instructed to i4

' implement the Functional Recovery Guideline because a multiple casualty condition is in effect (LOCA |

and Loss of All Feedwater). Specific guidance for initiating once-through-cooling is provided here. As,

discussed previously, ahhough steam generator heat removal is only required for the small break LOCA '!'

event, the LOCA EOG does not require the operator to distinguish between large and small break LOCAs !
I

.. so the action is taken whenever SG heat removal capability is lost.
i i

Short-term reactivity control is accomplished by the negative moderator effects for large breaks and by |
the reactor trip for small breaks. The reactor trip decreases core heat generation to decay heat levels !,
which aids in the control of heat removal. Long-term reactivity control is accomplished through injection -

,

of borated water by the safety injection system and the charging pumps.'

Containment isolation occurs either automatically, or is performed manually after an evaluation of the i
,

plant conditions (containment temperature, pressure, and activity level; and for plants which ger.ers:c ? !

- CIAS on S!AS, pressurizer pressure). |

If the LOCA occurs inside containment, then containment temperature and pressure control can be I
'

accomplished by various combinations of containment fan coolers (in the emergency mode) and/or the
containment spray system. These systems act to remove heat from the containment atmosphere, thus ii

'

reducing the temperature and pressure.

'

Containment Combustible Gas Control may become a concern due to hydrogen generated during LOCA
events. The ultimate goal of the Containment Combustible Gas Control safety function is to prevent a.

hydrogen burn from causing containment pressure to reach or exceed containment design pressure.
Preferentially this is accomplished by operation of the hydrogen recombiner. If recombiner operation;

~

is not possible or sufficient, then a hydrogen purge may be performed if deemed necessary by the Plant
Technical Support Center. These actions are performed to prevent or minimize the release of fission
products to the environment.

Three significant sources of hydrogen exist during LOCA events. These are:

1. Metal-Water Reactions Involvine Zircalov or Stainless Steel in the RCS
;

These reactions take place at high temperatures during the core uncovery phase of a LOCA.
Thus, hydrogen generated will be released to the containment atmosphere if the primary break
is inside containment. The amount of hydrogen produced depends on the duration of core
uncovery and the maximum core temperature reached..

2. Radiolysis of Water by Fission Product Decay

As a result of the decay of the fission products, water molecules in the RCS and in the RCS fluid
which has bcen released into the containment may be broken down into hydrogen and oxygen.-

~ The gases are released to the containment atmosph~e. This is a slow process but over a period
.

of time can be the most significant source of hydrogen. It may take [12 to 16] days for hydrogen
concentration to reach 4 %. The rate of buildup will increase with an increase of fission products-

in the RCS.
*

u ;
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3. Corrosion of Aluminum and Zine by the ContainmenLDrays

The reaction between the aluminum and zinc materiais ia the containment with the borated spray
solution generates hydrogen. The reactions occur at higher ates with increasing temperatures.
Hydrogen may be generated in this way during the first hours of a LOCA event.

Figure 5-12 provides the results of a typical safety analysis calculation of the hydrogen concentration for
a large break LOCA event. The initial increase in hydrogen concentration is due to the metal-water
reactions and the corrosion reactions. The long term increase is due to the radiolysis of water.

The contaimnent hydrogen concentration can be reduced by recombining hydrogen and oxygen to form
water. The hydrogen recombiners do this by raising the temperature of the air passing through them to
the point where the recombination reaction takes place. Electric heating elements are used to heat the
ir coming mixture, while flow through the units is provided by natural circulation.

Since the recombination rate (cubic feet of hydrogen removed per hour) depends on the hydrogen
concentration in the atmosphere, use of the recombiners will result in an exponential decrease in the
hydrogen concentration. Typically, one recambiner will remove hydrogen at a rate that is compatible
with the long term hydrogen generation rate following a large break LOCA due to radiolysis of reactor
coolant water.

Figure 512 provides typical curves showing the effect of one and two recombiners that are started nine
days after the LOCA.

'

The containment hydrogen concentration can also be reduced by purging the containment atmosphere with
fresh air. The hydrogen purge system accomplishes this by providing controlled intakes and exhausts to
the containment atmosphere. This method of hydrogen control is utilized after the Plant Technical
Support Center has evaluated several factors - including the expected effects of a hydrogen burn.

The hydrogen rernoval rate (cubic feet of hydrogen removed per hour) depends on the purge system flow
rate, the containment free volume, and the containment hydrogen concentration. Typically, the hydrogen
purge system will remove hydrogen at a rate that is comparable with the long term hydrogen generation
rate following a large break LOCA. Higher purge rates will result in higher removal rates. The
hydrogen purge rate can be approximated by the hydrogen removal rate of one recombiner as shown in
Figure 5-12.

O
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Trending of Key Parameters (Representative of Small Break LOCAs) h
Reactor Power (Figure 5-13)

A reactor trip will occur on thermal margin / low pressure, and reactor power will be decreasing as a result
i

of the reactor trip. Additional negative reactivity insertion will be provided by moderator voiding, and
boron addition by charging pump and/or SIS flow.

RCS Temperature (Figures 5-14,5-15)

Following the reactor trip, RCS temperature initially decreases for all size LOCAs due to the reduction
in heat input into the RCS, and due to the heat removed out the break and by the steam generators.

Pressurizer Pressure (Figure 5-16)

Pressurizer pressure initially decreases due to the loss of coolant and reactor power reduction following
reactor trip.

Pressurizer Level (Figure 5-17)

Pressurizer level may decrease or increase. For breaks not located in the pressurizer, the pressurizer will
empty and, depending on the size of the break, not refill during the course of the accident. Breaks
located in the pressurizer may lead to increased pressurizer level since water from the hot leg flows into
the pressurizer surge line while significant voiding of the RCS loop is occurring. If there is a break on
or near the pressurizer level instruments, this may cause this instrument to be grossly inaccurate and
misrepresent pressurizer level (high or low).

For small break LOCAs where the pressurizer refills as a result of safety injection, pressurizer level may
not be representative of RCS inventory or core coverage. As indicated above, the depressurization
associated with a leak in the RCS will usually result in the formation of voids in RCS hot spots (reactor
vessel head, hot legs, S/G tube bundle). The growth or persistence of these voids, after refill of the
pressurizer by the SIS, may cause pressurizer level to increase or remain constant in spite of continuing
lots of inventory through the break.

Reactor Vessel Level (Figure 5-18)

Some degree of voiding is expected for LOCAs; but the extent and duration is largely dependent on break
size and location. Most small break (SB) LOCA events will not result in core uncovery without some
other failure occurring concurrently. Some small breaks can lead to some core uncovery. However,
when $1 delivery is established, the core will be covered. For very small breaks, the RCS will
repressurize to slightly below the shut-off head of the HPSI pumps and voiding will not uncover the core.
For large breaks, the RCS saturates almost immediately and voids start to form. Core uncovery is
expected in the sMet t:rm but RCS pressure decrease is also very rapid and SIS flow restores core
coohng.

l

O
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Steam Generator Pressum Wigure 5-19)

Steam generator pressure may increase or remain constant in the short term if the break is small.
However, for all sized LOCAs, steam generator pressure will usually decrease in the long term as a result
of operator action.

Steam Generator level Figure 5-20)

Steam generator level will decrease rapidly following the reactor trip and then increase to the hot sta.'xiby
level. Level may then remain constant or increase somewhat based on automatic or manual control of
feedwater.

'o

%
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Representative Small Break LOCA Reactor Power Figure 5-13
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Representative Small Break LOCA .RCS Cold Leg TempEture Figure 5-15 )
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ReWative Sanall Break LOCA Pressuriser Pressure Figure 5-16
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Representative Small Break LOCA Pressurizer Level Figure 5-17
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Representative Small Break LOCA Secondary Side Pressure Figure 5-19
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Guideline Strategy and Information Flow

Figure 5-21 provides a summary of the LOCA Recovery Guideline's strategy. If a LOCA is initiated
from MODE 1 or MODE 2, the operator performs the Standard Post Trip Actions and diagnoses the
event prior to entering the LOCA Recovery Guideline. However, if the event is initiated from MODE
3 or MODE 4, the operator is not directed to the Standard Post Trip Actions since they may not apply.
Instead, the operator ensures that the LOCA is properly diagnosed and that the specified entry conditions
are met prior to entering the LOCA Recovery Guideline. Once in the LOCA Recovery Guideline, the
operator would have performed the Standard Post Trip Actions and diagnosed the event. In the LOCA
Recovery Guideline, the operator begins using the Safety Function Status Check to confirm that the plant
is recovering. The next steps can be broken into six major recovery actions,

The six major recovery actions bring the plant to a stable condition which can be maintained indefinitely.
The first major action consists of maximizing safety injection flow into the RCS and attempting to isolate
the source of the leak. This step reduces the risk of core uncovery and facilitates recovery from the
LOCA. The second and third major actions apply to the situation when the leak has been isolated. The
second major action involves regaining control of the RCS pressure and inventory and maintaining
sufficient RCS heat removal. The third major action is to perform a controlled cooldown to the SCS
entry conditions. The fourth through sixth major recovery actions are applicable to the situation when
the leak cannot be isolated. The fourth major action involves a rapid plant cooldown using the SGs. This
step is particularly important for small breaks which require the SGs to remove the core decay heat. The
fifth major recovery action is the commencement of post-LOCA Long Term Cooling (LTC). Safety
injection flow is switched to simultaneous hot / cold leg injection from the normal cold leg injection. Also,
the suction for the charging pumps is switched to the [ refueling water tank] for boron concentration
control. The sixth major action is a determination of whether SCS operation is appropriate (small breaks)
or whether simultaneous hot / cold leg injection in a recirculation mode should be continued (large breaks).

A more detailed chart illustrates the recovery guideline strategy and lists the guideline steps which
correspond to each strategy objective. Refer to Figure 5-24.

l

O
!
!
|
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tms of Coolant Accident Strategy Chart Figure 5-21a
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Loss of Coolant Accident Strategy Chart Figure 5-21b
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"( Bases for Operator Actions

The operator actions are directed at placing the plant in a safe, stable condition. One of two paths is
followed, depending upon whether or not the break has been isolated.,

,

The diagnosis of a Loss of Coolant Accident should be confirmed by using the Break j1.
'

iIdentification Chart (Figure 5-2) and by comparing control board parameters to the acceptance
.

criteria in the Safety Function Status Check to ensure that all safety functions are being satisfied.<

In particular, the operator should note the status of RCS subcooling and containment and steam :
'

plant activity. These parameters provide a means of discriminating between LOCAs/SGTRs and
ESDEs. ' For LOCAs, the RCS reaches saturation conditions and containment activity monitors

,

may be alanning but steam plant activity monitors should not be alarming. For a SGTR, steam
plant activity monitors may be alarming but containment activity monitors should not be

>

alarming. For ESDEs, neither steam plant or contamment activity monitors should be alarming.
For plants which exhibit SG tube leakage, however, steam plant or containment activity monitors

|. may alarm during ESDEs. [ Sampling both steam generators for activity will assist in confirming j

the diagnosis.) These actions ensure the proper guideline is being used to mitigate the effects of !

a LOCA. j

If the initial diagnais of a LOCA is confirmed, then the operator continues with the actions of
this guideline. However, if the Break identification Chart indicates that a SGTR or an ESDE has ;

occurred, then the LOCA Guideline is exited and the actions of the proper guideline are
implemented. This step allows the operator to switch to the proper guideline for those events

- similar to LOCAs which may have occurred. LOCAs, ESDEs, and SGTRs have similar initial |,.

\ symptoms and could be confused early in the event. ;

!

If a correct diagnosis cannot be made, then the operator is directed to exit this guideline and to ;

implement the Functional Recovery Guideline. The Functional Recovery Guideline is safety ,

function based and will ensure that all safety functions are addressed regardless of what event (s) i
,

is occurring.'

!-

* 2. If pressurizer pressure decreases to or below the SIAS setpoint of [1825 psia], then an SIAS
should be initiated automatically If this does not occur, then the operator should manually ;

initiate an SIAS.
I

*3. A LOCA will result in the actuation of the safety injection system. Pressurizer pressure will
,

respond during the accident according to the break size. Safety injection system (SIS) flow rate |

will follow pressurizer pressure according to the SIS delivery curves (see Figure 5-3). The SIS j

and charging flowrate should be checked (Figure 5-3 provides information which can be utilized
to verify adequate SIS flow is occurring) and maximized for RCS inventory replenishment and/or i

Icore' removal. The charging pump may have to be manually restarted if an interruption of
electt, J power to the charging pump bus has occurred. The following guidance will assist in

*

ensuring maximum irdection of water into the RCS:
i.

idle SI pumps should be started and system flow should be verified to be within the limits |a.

of Figure 5-3, - |
!

b. The charging pump should be started, if necessary.
.
I

I

!

Aont.enarmy co-oewn aumene rene s-as {
!

!
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If any SI pump that should be operating won't start, any charging pump won't start, or SIS flow
is not in accordance with Figure 5-3, then the following guidance is provided:

the operator should verify that electrical power is available to valves and pumpsa.
necessary for inventory control,

b. the SIS valve lineup should be verified to be correct from control board indications, |

auxiliary systems necessary for SIS or charging operation should be checked.c.

It must be noted, however, that the maximization of charging and safety injection can result in
excess RCS inventory, possible filling of the pressurizer to a solid condition, and a PTS concern
upon RCS heat up, fluid expansion, and subsequent RCS pressure excursion. Operators must be
aware of these concerns and terminate the SIS operation when the termination criteria are met.

* 4. Steps 4 and 5 contain guidance regarding the RCP operating strategy for a LOCA (FIGURE
5-22). A genetic RCP trip strategy has been developed which results in the tripping of all four
RCPs for depressurization events where RCS is not subcooled, but allows the continued operation
of two RCPs (in opposite loops) for depressurization events where RCS is subcooled. For
undiagnosed events, where the Functional Recovery Guideline is implemented, the RCP trip
strategy is identical to that followed in the LOCA guideline. Steps 5 and 6 detail the two
significant operational aspects regarding the RCP trip strategy for a LOCA.

The first operational strategy results in the operator tripping two RCPs (in opposite loops) if
pressurizer pressure decreases to less than [1300 psia] following a SIAS and RCS is subcooled.
This action may occur in the Standard Post Trip Actions and, in this case, the operator would
simply verify that two RCPs (in opposite loops) have been tripped. The operator trips all four
RCPs if pressurizer pressure decreases to less than [1400 psia] following a SIAS and RCS is not
subcooled. If the operator cannot confirm that a LOCA has occurred, and the Functional
Recovery Guideline is implemented, the RCP trip strategy is identical to that followed in the
LOCA guideline,

if the depressurization event can be diagnosed and is determined to be other than a LOCA (i.e.,
ESDE or SGTR), then only two RCPs (in opposite loops) are tripped. The other two RCPs
remain operational until one or more of the RCP operating requirements (e.g., NPSH,
temperatures, seal flow, oil pressures, motor amperage, vibration) are no longer satisfied, then,
any pump which does not satisfy these requirements should be tripped. This gives the operator
maximum flexibility in plant control because a normal plant cooldown can be performed while
still ensuring a conservative approach to event recovery.

* 5. The second aspect of the RCP operating strategy concerns the verification that RCP operating
limits are satisfied. The RCPs will be operating in a pressure-reduced RCS and may not satisfy
NPSH requirements. The operator must continuously monitor RCP operating limits (e.g.,
temperatures, seal flow, oil pressures, NPSll, motor amperage, vibration) and trip any RCPs
which do not satisfy RCP operating limits. Plant specific RCP operating limits should appear in
this step, either directly or, by referencing the applicable operating instructions.

6. The operator records the time of day, since some of the follow-up actions need to be performed
within a defined time window relative to the start of the accident.
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, (n) 7. Potential sources of leakage which can be rapidly and rereotely isolated are checked and isolated,
if possible, to minimize RCS inventory losses and to attempt to isolate the break. The following' '

guidance is provided to isolate the leak:

a. Letdown is isolated to possibly isolate the break and to preclude loss of RCS inventory
to the CVCS.

b. RCS sampling should be terminated and all sampling lines should be isolated. If
necessary, this isolation should be performed manually. Isolating sampling lines
minimizes the possibility of inadvertent personnel exposure, and minimizes RCS
inventory losses.

c. RCS to CCW leakage should be detected by the CCW radiation monitor. An increase !

in CCW surge tank level may also be an indication of reactor coolant to CCW in-leakage.
An increased CCW heat load, possibly caused by high containment temperatures will also
cause surge tank level to rise to the point where an abnormally high level increase may
possibly be discerned. If RCS to CCW leakage is evident, then isolate the CCW affected
RCPs and trip affected operating RCPs.

.

I
d. The rapid depressurization valves should be verified closed. If they are not closed, the 1

I

operator should manually close the rapid depressurization valves. This will minimize the
loss of inventory through these valves.

)

Another potential leak path is the reactor coolant gas vent valves. The operator should
(Q,/ verify these valves are closed and if necessary, manually close the valves.

e.,

;

O
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RCP Trip Strategy for LOCA Figure 5-22
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8. A LOCA outside of containment is a very low probability event but if it does occur, and
appropriate actions are not taken, the cons ~~~ can be severe. In this step, the nuclear annex
temperature, humidity, and radiation alarms and sump levels and subsphere sump levels are .

monitored for indications that RCS fluid has breached containment. Ifit is evident that a LOCA |
is occurring outside of containment, then an attempt to locate and isolate the break should be ;

made, if possible. Plant-specific instructions for isolating the nuclear annex and its ventilation
'

systems should be inserted here. This is provided to limit the release of fission products to the
environment. :

* 9. If containment pressure is greater than or equal to [2.7 psig], then the operator ensures the
following:

The operator verifies that containment isolation occurs at the appropriate automatic :a.
setpoint. If containment isolation does not occur automatically or ali containment

'

isolation valves are not in their accident positions, then the operator should manually
initiate containment isolation. The plant-specific method of manual containment isolation ;

inserted here. The purpose of this step is to prevent direct communication between the -

containment atmosphere and the environment. Operators should be alert to the loss of t

auxiliaries to the containment (in particular component cooling water) which may occur
with containment isolation. Re-establishing letdown should also be considered if it is !

available. This will enable the operator to better control RCS inventory during a possible
RCS heatup and subsequent fluid expansion. This action can minimize the possibility of
PTS.

:

( b. The containment recirculation fan coolers must be initiated to minimize the pressure and ,

temperature in the containment. High pressure in the containment may pose a threat to !
containment integrity. Furthermore, high containment temperature adversely impacts the
accuracy of instruments whose transmitters are located inside. containment (e.g.',
pressurizer level and pressure, steam generator pressure and level, RCS loop RTDs) and
may impact the continued availability of equipment located in containment. The effect
of temperature on hydrogen generation (by corrosion reactions) is described in the bases j
of step 10. 1

1

*10. The containment spray system is automatically actuated at a containment pressure of [8.5 psig]
or greater. If containment pressure reaches [8.5 psig], then the operator should ensure
containment spray actuation. In order to maintain containment pressure below design pressure, ,

there exists redundant containment spray systems each capaLe of delivery [5000 gpm).
1
l

When containment sprays are actuated, the conditions created in the containment may_ generate
hydrogen. Hydrogen may be generated by the reaction of boric acid (from containment spray
flow) and metals in the containment. Aluminum and zine are two metals which are reactive with
boric acid. The reaction rates of boric acid and aluminum and zinc are a function of temperature.
Therefore, if the containment spray system has been spraying boric acid onto zine and aluminum
surfaces in a high temperature environment, then conditions exist for the generation of hydrogen |

in the containment.

The operator should take action to place external hydrogen recombiners in service to minimize !
the hydrogen concentration. The operator should also verify the annulus ventilation system and j

'

the subsphere building ventilation system are operating. If it is not, the system should be
manually started,

i
!
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*11. Containment spray system operation may be terminated when containment pressure has been
reduced to an acceptable level. Continued operation of the sprays after pressure has been reduced
to an acceptable level increases the possibility of wetting electrical connectors which may result
in electrical grounds, shorts and other malfunctions. Therefore, if containment sprays have
actuated and contaimnent pressure is reduced below [5.5 psig], then containment spray may be
terminated. After terminating containment spray, the containment spray system should be
realigned for automatic [or manual] operation in case containment pressure again increases to the
actuation setpoint. In addition, when the containment spray system operation is tenninated, the
annulus ventilation system should be secured.

12. Subsequent operator actions and performance of the containment combustible gas control portion
of the Safety Function Status Check will require measurement of the containment hydrogen
concentration. The hydrogen monitors should be placed in service in order to enable the operator
to monitor containment hydrogen concentration. [The actions required for operation of the
hydrogen monitors should be performed concurrent with the following steps].

*13. Although hydrogen is not flammable until it achieves a concentration of at least 4%, it is prudent
to reduce hydrogen to as low a concentration as possible. (i.e., less than the minimum detectable
hydrogen concentration of [0.5%).) Such action minimizes the possibility of reaching the
flammability limit and of forming pockets of high concentration hydrogen. Therefore, the
[ hydrogen recombiners] should be run until hydrogen concentration is reduced to less than
[0.5 %). The recombiners take approximately [1 hour] to reach operating temperature so no
decrease in measured hydrogen concentration should be expected before this time. See Figure
5-23.

*14. Containment radiation .'evels should be monitored in order to provide the [ Plant Technical
Support Center) input to evaluate the environmental impact of any planned, or unplanned
releases.

15. At this point in the guideline, the operator will pursue one of two strategy paths. If the LOCA
has not been isolated, the operator is directed to follow the path which contains recovery actions
for that condition (steps 16 through 36). If the leak or rupture has been isolated, the operator
is directed to perform those steps aimed at stabilizing the plant (steps 37 through 55).

16. If the LOCA has not been isolated, then the following actions are directed toward re-establishing
RCS inventory control while maintaining RCS heat removal. The goal of this section is to
establish shutdown cooling, if possible, as the means of core heat removal. A rapid plant
cooldown via the steam generators is beneficial for all LOCAs, particularly small breaks. For
small breaks, the steam generators are the major heat sink for RCS heat removal. An aggressive
cooldown (while holding the cooldown rate within Technical Specification Limitations) improves
RCS heat removal by enhancing natural circulation and reflux boiling. Furthermore, an
aggressive cooldown hastens the depressurization of the RCS. This results in higher safet3
injection flows which aid in regaining RCS inventory control. Figure 5-3 shows typical SIS
flowrates as a function of RCS pressure.

For the largest breaks, the RCS depressurizes to an equilibrium pressure with the containment.
In this condition, the RCS fluid is at a lower temperature than that of the steam generators. The
steam generators, therefore, act as a heat source, superheating any steam in the RCS which may
be flowing through the S/Gs to the break. By cooling down the steam generators, heat input to
the RCS is reduced

ADM - Emergency operations Guikhnes Page S-66
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The turbine bypass system or the atmospheric dump valves are utilized depending on the
,

availability of the condenser and turbine bypass system. |
4

*17. Steam generator level should be maintained in'the normal band using imin, startup or emergency .j
feedwater. This ensures that a heat sink is available for RCS heat removal and cooldown. This ,

is especially import &nt in the case of a small break LOCA. Maintaining steam generator in the i

normal band also ensures that the steam generator tubes remam covered. By maintaining level |
above the top of the tubec. sufficient static pressure head will be available to prevent migration i

of containment radioactivity through pre-existing tube defects to the secondary side of the steam |
generator in the long term. This minimizes the release of radioactivity to the atmosphere. ;

!

*18. The available emergency feedwater inventory should be monitored and replenished from available ;

sources as m=vy to continually provide a source for a secondary heat sink. Examples of ;

alternate sources of condensate are nonseismic tanks, fire mains, lake water supplies, potable {
tanks, etc. Plant specific alternate sources of feedwater should be identified and cited in the ;

procedure. The emergency feedwater required to either maintain the plant at hot standby or to |
cooldown may be determined from Figures 54 and 5-5. i

!

*19. Once pressurizer level has been restored to greater than or equal to [2%), then level should be !

maintained [2 to 78%) by control of charging and letdown (preferentially) as necessary, and the ;

SIS. If SIS termination criteria are met, then Si pumps may be throttled or stopped. When !

pressuriur level is being controlled at [2%) or greater, than charging pumps may be operated
'

as necessary. If pressurizer level is not restored to [2%), then all available charging and SIS
'

pumps should be operated for maximum flow.
(

A pressurizer level of [2 to 78%) with a saturated bubble n the pressurizer should be established
if possible, as the means of RCS pressure control. If pressurizer level drops below the top of !

the pressurizer heaters, then pressurizer heater operation will be interlocked off for overheating |
protection. It may be necessary to exceed [78%) pressurizer '.evel if the operator is attempting i
to restore RCS subcooling since pressurizer heaters may be unavailable and solid water operation
may be necessary to restore subcooling. ;

i
20. For small break LOCAs, especially where RCS inventory and pressure are controlled, a

'

deliberate depressurization of the RCS will be necessary to permit entry into shutdown cooling.
This step directs a depressurization to SCS entry pressure, [450 psia), and provides the available
depressurizatien success paths-depending on existing plant conditions. For large breaks, all that
may be required to depressurize to or below [300 psia) is throttling of SIS flow (if SIS
termination criteria are met).

O l
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*21. ' Throughout the cooldown and depressurization, the operator should verify that the pressurizer

pressure is being maintained within the Post Accident P-T limits of Figure 5-1. If the :

. Pressure-Temperature limits of Figure 5-1 are being violated, then the operators should take !

, actions to restore the RCS to within the P-T limits. Depending on the situation (pressure too high'

or too low), the operator should perform the following actions as appropriate: ;

:

a. - | Stop the cooldown ;
i

b. Operate main or auxiliary spray or reactor coolant gas vent system as necessary to restore |
pressurizer pressure to within the P-T limits of Figure 5-1. j

;

Attempt to maintain the plant in a stable pressure-temperature configuration. Iflow RCSc. ,

subcooling exists, then the cooldown should be continued if desired, within the limits of j
;

Figure 5-1.
E ;

d. . If an overpressure situation exists and is caused by SI and/or charging flow, then throttle
or stop SI (refer to Step 31) or charging pumps and manually control letdown to restore ;

and maintain pressure within the Post Accident P-T limits of Figure 5-1. |
f

*22. If all RCP operation is terminated and inventory and pressure are controlled, then natural l
*

circulation is monitored by heat removal via at least one steam generator. Natural circulation j
;

j flow should occur within 5-15 minutes after the RCPs were tripped.
.

The operator has adequate instrumentation to monitor natural circulation for the single phase
,( liquid natural circulation process. The RCS temperature instrumentation, namely loop AT, can i

be used along with the other information to confirm that the single phase natural circulation |
process is effective. The natural circulation process involving two phase cooling is complex and |.

varied enough so that RCS loop AT may not be a meaningful indication of adequate natural |

; - circulation cooling. The guidelines are written to alert the operator to use explicit acceptance t

criteria for natural circulation only when RCS inventory and pressure are controlled. !
!

,

The RCS temperature response during natural circulation will be slow (5-15 minutes) as
compared to a normal forced flow system response time of 6-12 seconds, since the coolant loop

'

cycle time will be significantly larger.
,

!

] When single phase natural circulation flow is established in at least one loop, the RCS should
indicate the following conditions:

!
a. Loop AT (Tu - T,) less than normal full power AT,

: b. Hot and cold leg temperatures constant or decreasing, ,

c. RCS is subcooled based on representative CET temperature.
,f

-

d. No abnormal differences between Tu RTDs and core exit thermocouples. Hot leg RTD;
~

temperature should be consistent with the core exit thermocouples. Adequate natural ;

circulation flow ensures that core exit thermocouple temperatures will be approximately .j-

equal to the hot leg RTDs temperature within the bounds of the instnunent's inaccuracies. |
- An abnormal difference between Tu and the CETs is greater than [10*F]. j

i

|
>

mm . ,y a - n,. s.n

'
;

,__ . _ _ . . __ -. ._. _ .. ,



System l~0 + Design ControlDocument

Natural circulation is govemed by decay heat, component elevations, primary to secondary heat
transfer, loop flow resistance, and voiding. Component elevations on C-E plant are such that
satisfactory natural circulation decay heat removal is obtained by fluid density differences between
the core region and the steam generator tube sheet.

As a contingency, if the criteria listed are not met, then natural circulation in the RCS is not
effectively transferring heat from the core to the steam generators. Both RCS and Core Heat
Removal Safety Functions may become jeopardized if any of the above criteria continue to be
violated. Operators should ensure that RCS pressure and inventory, and SG steaming and feeding
are being controlled properly to prevent violation of a safety function.

*23. During a LOCA, the natural circulation process can take different forms. These forms include
single phase natural circulation and a more complex two phase natural circulation. The simplest
form of natural circulation is a single phase liquid cooling. Single phase natural circulation is
possible for most cases where RCS inventory and pressure are being controlled properly. Single
phase cooling transports heat using the same flow path involved in forced circulation cooling with
the liquid density difference between SG and RV driving the flow. Two phase natural circulation
is more complex and can take several forms. Two phase natural circulation depends on the
amount of decay heat, the amount of nventory and pressure control degradation, the RCS leak
rate, and the status of the SIS and t~e steam generators. One form of two phase natural
circulation is known as reflux. In the reflux process, steam leaves the core region and travels
to the steam generator before reaching the top of the "U" tubes where it condenses and the
condensate flows back to the core via the hot leg where it is once again turned to steam. Another

two phase natural circulation process is similar to reflux, but differs in that the steam from the
core goes past the steam generator "U" bend and is condensed in the tubes on the cold leg side
and the condensate flows back to the core via the cold leg. A combination of the two processes

is also possible.

The operators have adequate instrummtation to monitor natural circulation for the single phase
liquid natural circulation process. ' he RCS temperature instrumentation, namely loop AT, can
be used along with other informarbn to confirm that the single phase natural circulation process
is effective. The natural circu% tion processes involving two phase cooling are complex and
varied enough so that RCS bop AT may not be a meaningful indication of adequate natural
circulation cooling.

For cases where two phase natural circulation cooling is the core heat removal process,
establishing heat removal via at least one steam generator utilizing main, startup or emergency
feedwater and steam discharge through the atmospheric dump valve becomes more critical. The
monitoring of representative CET temperatures, to confirm the adequacy of the heat removal
process, also becomes a critical indicator of natural circulation cooling.

If RCS subcooling cannot be maintained, then the core heat removal process will be maintained
utilizing two-phase natural circulation and flow through the break. If two phase natural
circulation is utilized the operators must ensure that the following are observed:

The charging pumps and available SI pumps are operating and adequate flow per Figurea.
5-3,

d
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b.. steam generator feeding and steaming are properly controlled (refer to Steps 16 and 17.)

and

the representative CET temperature is maintained less than mperheated.- A superheatedc.
condition indicates that core uncovery has occurred and that the core heat removal
process is no longer effective.

'24. The plant conditions should be carefully assessed by the operations staff, and the Plant Technical
Suppon Center )TSC) before any RCPs are restarted. RCPs are not required to be restaned
following any LOCA. However, their restan may be desirable based on the listed criteria.
Therefore, the desire for forced circulation must be balanced against any risks prior to RCP
restart.

For cenain small break LOCAs, there is a possibility..that unborated (or lower boron
concentration) condensate could collect in the suction leg of the RCPs during a prolonged two-
phase natural circulation cooling process. As the water in the core boils, steam is generated that
is largely devoid of boric acid (which remains dissolved in the highly borated liquid in the core).

' This steam flows down the hot leg and into the steam generator tubes where it condenses. A
_ portion of the condensate runs down the upflow side of the steam generator tubes and returns to
the reactor vessel (reflux boiling). The remaining portion runs down the downflow side of the |
steam generator tubes and collects in the cold legs - the lowest ponions of which are the loop e

seals between the steam generator outlet plena and the Reactor Coolant Pumps The !
1consequences may be unacceptable if the unborated condensate which has accumulated in the cold

O. legs returns to the reactor vessel uixier forced circulation conditions without sufficient mixing
with the highly borated inventory in the rest of the RCS (including the reactor downcomer and i

lower plenum).

For this reason, following a LOCA, the TSC is required to perform an evaluation of the
desirability (and feasibility) of staning RCPs prior to their restan.

The need for operation of the RCPs should be evaluated based on:

a. the adequacy of the RCS and core heat removal under the existing natural circulating
conditions,

b. the existing RCS pressure and temperatures,

L

c. the need for main pressurizer spray capability,

if the existing natural circulation is providing satisfactory RCS and core heat removal, a transfer
to forced circulation operation may not be necessary. This would be panicular true if the RCS

' had already been cooled and depressurized to SCS entry conditions. If the RCS pressure and
temperatures are closer to hot standby conditions, it may be desirable to restan the RCPs in order

,

to allow a normal forced . circulation cooldown. Consideration should also be given to the i

necessity of having main pressurizer spray capability if auxiliary spray is not providing the
desired depressurization rate.

;

mar. r _ #c> s== am ne s.n 1
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The potential for RCP seal degradation should be evaluated based on:

how long [CCW) to the RCPs was interrupted,a.

b. RCP seal staging pressures and temperatures.

The possibility of seal degradation increases if the CCW has been interrupted for longer than 10
minutes. The seal staging pressures provide an indication of degraded seal stagec (a low pressure
drop across a stage indicates a problem). Restart of an RCP with one or more degraded seal
stages should be avoided if possible.

The potential for core damage due to diluted RCS coolant in the suction leg of the RCPs must
be evaluated based on:

The length of time the plant was in two-phase natural circulationa.

b. The length of time the plant has been in single-phase natural circulation.

Since it takes time for condensate to accumulate in the RCP suction legs, the operator and plant

Technical Support Center (TSC) are required to consider the length of time the plant has been
in two-phase natural circulation when determining whether or not RCP restart is desirable.

Studies have demonstrated that if single-phase natural circulation has been established for at least
[20 minutes) prior to RCP restart, the consequences of RCP restart are acceptable. Therefore,
the operators and TSC are required to consider the length of time the plant has been in continuous
single-phase natural circulation (since it exited two-phase natural circulation) when evaluating the
desirability of RCP restart.

*25. If RCP restart is to be attempted, then select two RCPs (in opposite loops) for operation, if RCP
restan criteria are met. This will ensure continued forced circulation of coolant through the core,
cooling of the RV head region, provide the capability for the normal mode of pressurizer spray,
condense RCS steam voids, and remove non-condensible gases from the S/G tube bundle.
Funhermore, this action enhances the strategy to obtain an uncomplicated cooldown whenever
possible during a recovery from a LOCA. However, only one reactor coolant pump in each loop
should be operated to minimize heat input to the RCS.

Determine whether RCP restart criteria are met by the following:

a. The Plant Technical Suppon Center has reviewed and recommended RCP restart. Due
to the potential for RCS/ core dilution, and the possibility of unacceptable conscyuences
resulting from RCP restart following prolonged two-phase naturm arculation, it is
important that the decision to restart RCPs be made by more than one group. Since it
is the plant Technical Suppon Center's (TSC's) duty to follow the event and advise the
operating crew, this step requires the operators to obtain a positive recommendation from
the TSC to stan an RCP prior to performing that action. This will ensure that a second
verification is made of the advisability of restaning an RCP following prolonged two-
phase natural circulation flow. For those events that do not result in two-phase natural
circulation, this determination has been deemed relatively simple and expedient.
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- Therefore, whether or not the plant had been in two-phase natural circulation during the
,

LOCA, this step requires the TSC to make a positive recommendation prior to RCP
restan.

4

. b. Condensate.that flows to the core on the cold side is depleted in boron and may collect'

in the RCP loop seals and cold leg. The RCPs should not be staned until after single
phase natural circulation has slowly moved this boron depleted coolant through the core.
Twenty minutes of single phase natural circulation is considered adequate circulation and ;

mixing time.'

:

c. Electrical power available to the RCP bus, i

d. RCP auxiharies (In particular component cooling water) to maintain seal injection,
bearing, and notor cooling should be operating in order to prevent damage to the pump
and/or motor. (Note: [Following automatic or operator initiated containment isolation, j
reinstatement of one of the following means of RCP seal cooling ([CCW), [CVCS seal
injection (SI)], [ Dedicated Seal Injection System (DSIS)], should be considered to ensure.

adequate RCP cooling. There should be no high temperature alarms on the RCPs to be
operated.

I

At least one steam generator is available for removing heat from the RCS. A steamc.
generator having the ability for feed flow and steam flow is available for removing heat

Ifrom the RCS,<

,
l

f. Pressurizer level is greater than [33%) and not decreasing. A pressurizer level above
[33 %] provides the operator with a margin for maintaining plant control during a LOCA.
A level of [33 %) pmviaes a margin above the heaters to offset the possible pressurizer |

level decrease due to loop shrinkage and/or steam void condensation.

g. The RCS is subcooled based on representative CET temperature. A subcooled condition, 1

taken in conjunction with (d) above, indicates that adequate inventory control has been :

established. .

'

h. All plant specific RCP operating criteria should be satisfied before the RCPs are restaned |

to prevent damage to RCPs resulting from abnormal operating conditions..

'
*26. Upon restaning two RCPs in opposite loops, pressurizer level and pressure may decrease due to

loop shrinkage and/or steam void condensation. It is possible that this action will drain the
pressurizer. Steam voids present in the reactor vessel will condense upon restaning RCPs. The

- HJTC RVLMS should be monitored for the trending of reactor vessel liquid level. This trending
,

information may be correlated to pressurizer level decrease. RCP operation with a drained |
Ipressurizer may continue provided cenain actions are taken and cenain criteria are satisfied.'

1

t

.' #h
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The following constitutes the actions to be taken, and the criteria to be satisfied, when restarting
RCPs:

a. Start one RCP in each loop.

b. Ensure proper RCP operation by monitoring RCP amperage and pump NFSH. NPSH
is determined by pressurizer pressure and corresponding T on Figure 5-1.e

Operate charging (and SI) pumps to restore and maintain pressurizer level greater thaac.
[33%). If Si pumps are operating, continue their operation until SIS termination criteria
are met (refer to step 27). This action will ensure that pressurizer heaters remain
covered.

*27. If the Si pumps are operating, then thev must contir.ue to operate at full capacity until Si
termination criteria are met. Termination of SI should be sequenced by stopping one pump at
a time while observing the termination criteria. Throttling of SI flow is also permissible if all
of the following Si termination criteria are satisfied:

RCS is subcooled based on representative CET temperature (Figure 5-1). Establishinga.
subcooling ensures the fluid surrounding the core is subcooled which ensures heat
transfer to the RCS inventory. Voids may exist in some parts of the RCS (e.g., reactor
vessel head as determined by the HJTC RVLMS), but these are permissible as long as
core heat removal is maintained.

b. Pressurizer level is greater than [33%) and not decreasing. A pressurizer level greater
than [33%) and not decreasing, in conjunction with criterion a) above, is an indication
that RCS inventory control has been established.

At least one steam generator is available for removing heat from the RCS. A steamc.
generator having the ability for feed flow and steam flow is available for removing heat
from the RCS.

d. The HJTC RVLMS indicates a minimum level at the top of the hot leg nozzles. This
provides an extra margin of core coverage and, taken in conjunction with the above,
serves as an additional indication that adequate RCS inventory control has been
established.

If all of the SI tencination criteria are met, then the operator may either stop or throttle the SI
pumps. The operator may decide to throttle, rather than terminate the flow, if the SIS is to be
used to control pressurizer level or plant pressure. A general assessment of the SIS performance
can be made from the control room.

The operator should confmn that at least one train and preferably both trains of Si are operating
and that system delivery rate is consistent with RCS pressure as shown in Figure 5-3. Injection
flow rates to each cold leg should be approximately equal. Departures from this would indicate
a closed flow path or some system leakage.

O
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*28. If the criteria of step 27 cannot be maintained after the SIS pumps are throttled or stopped, then jQ the appropriate SIS pumps should be restarted and full SIS flow restored.

*29. The operator should monitor In-containment Refueling Water Storage Tank (RWT) level. For
RCS breaks inside containment, a decreasing trend in [IRWST) level should correspond to an
increasing trend in Holdup Volume Tank (HVT) or Reactor Cavity sump level. This action
enables the operator to trend [lRWST) level and to anticipate possible problems (LOCA is outside
of containment). If a decreasing trend in [lRWST) level cannot be correlated to an increasing i

HVT or reactor cavity sump level, then the LOCA may be outside of containment. For LOCAs
outside containment, [IRWST) level should be replenished from available sources. This will

,

prevent the inadvertent air binding of the SI pumps.

30. During a controlled cooldown and depressurization the automatic initiation of an MSIS is
undesirable, particularly when primary to secondary heat transfer via the steam generators is a
necessary method of heat removal. Therefore, the MSIS setpoint must be manually reset as the
cooldown progresses to ensure that automatic engineered safeguards protection for an MSIS
remains available until the RCS is cooled down and depressurized.

31. During plant cooldown and depressurization, it may be necessary for the operators to vent the
Safety Injection Tanks (SITS) at a pressure above the maximum SIT pressure to prevent
inadvertent SIT injection. This allows the operator to maintain control of the RCS inventory.
In addition, it may be desirable for the operators to have the SITS available for injection at a i

lower pressure during lower mode operations. Therefore, this step instructs the operator to i

p reduce the SIT pressure to [300 psia] to prevent inadvertent injection but maintain its availability i

V during lower mode operations. |
.

*32. When pressurizer pressure reaches [445 psia] the safety injection tanks (SITS) must be vented, !
drained, or their discharge valves shut to prevent the nitrogen cover gas from being discharged
into the RCS when RCS pressure is reduced below the SITS pressure during a controlled
cooldown. For a large break LOCA, this step will not be applicable because SITS will have
discharged as designed to maintain adequate inventory for heat removal.

*33. Low temperature overpressurization protection (LTOP) is instituted at T,259'F to protect against
subjecting the RCS pressure boundary to low temperature brittle fracture.

|
34. If n SI throttle /stop criteria can be satisfied, then there is no need to initiate simultaneous hot

ani J. rect vessel injection. This step directs the operator to skip step regarding hot and direct
vessel injection.

*35. If shutdown cooling system operation cannot be initiated, then simultaneous hot and direct vessel
injection is used for both small break and large break LOCAs at [2-4] hours after the start of the
LOCA. In this mode, the SI pump discharge lines are realigned so that the total injection flow
is divided equally between the hot leg and the reactor vessel. Simultaneous injection into the hot
lege and reactor vessel is used as the mechanism to prevent the precipitation of boric acid in the
reactor vessel following a break that is too large to allow the RCS to refill.

;
,

injecting to both sides of the reactor vessel ensures that fluid from the reactor vessel (where the

( boric acid is being concentrated) flows out of the break regardless of the break location and is
replenished with a dilute solution of borated water from the other side of the reactor vessel. The
action is taken no sooner than [2 hours) after LOCA since the fluid injected to the hot leg may

l
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be entrained in the steam being released from the core and hence possibly diverted from reaching
the reactor vessel. After [2 hours], the core decay heat has dropped sufficiently so that there is
insufficient steam velocity to entrain the fluid being injected to the hot leg. The action is taken
no later than [4 hours) after the LOCA in order to ensure that the buildup of boric acid is
terminated well before the potential for boric acid precipitation occurs. Even though the action
is required only for large breaks, it is taken for any LOCA so that the operator need not be
required to distinguish between large and small break LOCAs. Simultaneous hot and cold leg
injection is not required for small breaks because the buildup of boric acid is terminated when
the RCS is refilled. Once the RCS is refilled, the boric acid is dispersed throughout the RCS via
natural circulation. If entry into shutdown cooling system operation is anticipated before the [4
hour] limit, and the criteria of step 36 are met, then the realignment to hot / cold leg injection is
unnecessary (see detailed plant specific long term cooling analysis).

*36. For certain sized breaks (small breaks), entry into shutdown cooling may be possible and may
be initiated if certain plant conditions exist.

pressurizer level control should be established and verified by a level greater thana.
[14.3 %) and constant or increasing,

b. RCS is subcooled,

RCS pressure should be at or below the shutdown cooling system entry pressure of [450c.
psia]

d. RCS hot leg temperature should be at or below the shutdown cooling system entry
temperature of [400*F],

Before the SCS is operated, RCS activity levels must be determined since the RCS fluidc.
will now be circulated outside of the containment building. The operator must decide
whether to circulate high activity RCS coolant outside containment if high activity is
present and such circulation has the potential for release to the environment. If the
potential for significant releases exists, it may be more desirable to centinue cooling with
the steam generators.

If SCS operation is determined to be appropriate, then the SIS is aligned for cold leg injection
and the SCS is initiated. The [ Plant Technical Support Center or Plant Operations Review
Committee] may approve changes to these procedures which accommodate the LOCA conditions.

If the RCS cannot be depressurized, then voiding may be causing RCS pressure to remain high.
Any time it is found that voiding inhibits RCS depressurization to SCS entry pressure, when SCS
operation is desired, then an attempt at elimination of the voiding should be made.

The operator should continuously monitor for the presence 01 voids. Voiding in the RCS may
be indicated by any of the following indications, parameter changes, or trends:

a. letdown flow greater than charging flow,

b. pressurizer level increasing significantly more than expected while operating pressurizer
spray,
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n
( ) c. the HJTC RVLlWS indicates that voiding is present in the reactor vessel,
v

d. IUTC unheated thermocouple temperature indicates saturated conditions in the reactor
vessel upper head,

If voiding should be eliminated, then proceed as follows:

a. letdown is isolated or verified to be isolated to minimize further inventory loss,

b. the depressurization is stopped to prevent further growth of the void,

pressurizing and depressurizing the RCS within the limits of Figure 5-1 may condensec.
the void. Pressurizing has the effect of filling the voided portion of the RCS with cooler
fluid which will remove heat from the region. Subsequent depressurization and a
repeating of this process several times will cool and condense the steam void. In the case
of a void in the reactor vessel, the pressurization / depressurization cycle will produce a
fill and drain of the reactor vessel. The pressurization /depressurization cycle may be
accomplished using pressurizer heaters and spray (preferred method) or the SIS / charging
system ' alternative method). Monitor pressurizer level and the RVLMS for trending of
RCS inventory. This will assist the operator in assessing the effectiveness of void
elimination.

d. if indications of unacceptable RCS voiding continue, and voiding is suspected to exist in

O the steam generator tubes, then cool the steam generator (by steaming or blowdown,

C and/or feeding) to condense the tube bundle void. This will be effective for condensing ,

steam voids but will not have an effect on non-condensible gases trapped in the tube !

bundle. A buildup of non-condensible gases in the tube bundles will not hinder natural |

circulation event with a large number of the tubes blocked. This is due to the small
amount of heat transfer area required for the removal of decay heat. Monitor pressurizer
level for trending of RCS inventory. This will assist the operator in assessing the
effectiveness of void elimination.

e. if indications of unacceptable RCS voiding continue, then voiding may be caused by
non-condensible gases. Operate the (pressurizer vent and/or the] reactor coolant gas vent i

system to clear trapped non-condensible gases. Monitor pressurizer level and/or the
RVLMS for trending of RCS inventory. This will assist the operator in assessing the
effectiveness of void elimination.

37. This step is the lead-in for the second flow path mentioned in step 15. The LOCA has been
isolated and operator actions in the subsequent Steps (33 through 55) are performed to stabilize
plant conditions for long-term recovery. ,

|

*38. If the SI pumps are operating, then they must continue to operate at full capacity until Si
termination criteria are met. For most LOCAs, the SI pumps will run continuously for a long
period of time while RCS inventory, pressure, and heat removal control are being regained in
some cases control of these three safety functions is not regained during the accident (i.e.,
largest breaks) and the SI pumps run for the duration of the recovery period. Early termination

(V) is expected only when the SIAS was spurious, or if the leak was identified and promptly isolated.

|
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Termination of SI should be sequenced by stopping one pump at a time while observing the
termination criteria. Throttling of SI flow is also permissible if all of the following criteria are
satisfied:

RCS is subcooled based on representative CET temperature (Figure 5-1). Establishinga.
subcooling ensures the fluid surrounding the core is subcooled. Voids may exist in some
parts of the RCS (e.g., reactor vessel head as determined by the HJTC RVLMS], but
these are permissible as long as core heat removal is maintained.

b. Pressurizer level is greater than [14.3 %] and not decreasing. A pressurizer level greater
than [14.3 %] and not decreasing, in conjunction with criterion a) above, is an indication
that RCS inventory control has been established.

At least one steam generator is available for removing heat from the RCS. A steamc.
generator having the ability for feed flow and steam flow is available for removing RCS
heat.

d. The HJTC RVLMS indicates a minimum level at the top of the hot leg nozzles. This
provides an extra margin of core coverage and, taken in conjunction with the above,
serves as an additional indication that adequate RCS inventory control has been
established.

If all of the Si termination criteria are met, then the operator may either stop or throttle the SI
pumps. The operator may decide to throttle, rather than terminate the flow, if the SIS is to be
used to control pressurizer level or pressure. A general assessment of the SIS performance can
be made from the control room. The operator should confirm that the charging pump is
operating and that at least one train, and preferably both trains, of SI are operating and that
system delivery rate is consistent with RCS pressure as shown in Figure 5-3. Injection flow rates
to each reactor vessel nozzle should be approximately equal; departures from this would indicate
a closed flow path or some system spillage in addition to the LOCA.

*39. If the criteria of steps 38 cannot be maintained after SIS pumps throttled or stopped, then the
appropriate SIS pumps should be restarted and full SIS flow restored.

'40. Pressurizer level should be restored and maintained at [2% to 78%] by control of charging and ,

letdown (preferentially) as necessary, and Si pumps. If SIS termination criteria are met, then SI )
pumps 'may be throttled or stopped. When pressurizer level is being controlled at [2%] or
greater, then the charging pump may be operated as necessary. A pressurizer level of [2% to
78%] should be restored and maintained to avoid losing pressure control with a saturated bubble
in the pressurizer. If the pressurizer level drops below the top of the pressurizer heaters,
pressurizer heater operation will be interlocked off for heater protectaon. It may be necessary |

to exceed [78%) pressurizer level if the operator is attempting to restcre RCS subcooling, since
pressurizer heaters may be unavailable and solid water operation may be necessary to restore
subcooling.

1

1

I

O
l

I
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*41. For small break LOCAs, especially where RCS inventory and pressure are controlled, a(y
deliberate depressurization of the RCS will be necessary to permit entry into shutdown cooling.'

This step directs a depressurization to SCS entry pressure, [450 psia), and provides the available
depressurization success paths-depending on existing plant condition. For large breaks, all that
may be required to depressurize to or below [450 psia) is throttling SIS flow (if SIS termination
criteria are met).

*42. Throughout the cooldown and depressurization, the operator should verify that the pressurizer
pressure is being maintained within the Post Accident P-T limits of Figure 5-1. If the
Pressure-Temperature limits of Figure 5-1 are being violated, then the operators should take '

actions to restore the RCS to within the P-T limits. Depending on the situation (pressure too high
or too low), the operator should perform the following actions as appropriate:

a. Stop the cooldown

b. Operate the Reactor Coolant Gas Vent System or the main or auxiliary spray as necessary
to restore pressurizer pressure to within the P-T limits of Figure 5-1. ;

i

Attempt to maintain the plant in a stable pressure-temperature configuration. If low RCSc.
subcooling exists, then the cooldown should be continued if desired, within the limits of i

Figure 5-1.

d. If an overpressure situation exists and is caused by Si and/or charging flow, then throttle

p or stop SI (refer to Step 38) or charging pumps and manually control letdown to restore

V ad maintain pressure within the Post Accident P-T limits of Figure 5-1. j

*43. Steam generator level should be maintained in the normal band using main, startup or emergency l
feedwater. This ensures that a heat sink is available for RCS heat removal and cooldown. i

Maintaining steam generator in the normal band also ensures that the steam generator tubes |
remain covered. By maintaining level above the tope of the tubes, sufficient static pressure head

'

will be available to prevent migration of containment radioactivity through pre-existing tube
defects to the secondary side of the steam generator in the long term. This minimizes the release
of radioactivity to the nmosphere.

*44. The available emergency feedwater inventory should be monitored and replenished from available
sources as necessary to continually provide a source for a secondary heat sink. Examples of
alternate sources of emergency feedwater are nonseismic tanks, fire mains, lake water supplies,
potable tanks, etc. Plant specific alternate sources of feedwater should be identified and cited in
the procedure. The emergency feedwater required to either maintain the plant at hot standby or
cooldown may be determined from Figure 5-4 and 5-5.

*45. The plant should be borated per Technical Specification limits for reactivity control purposes.
If letdown is not available, it may not be p@ble to borate the RCS to the cold shutdown RCS
boron concentration prior to commencing the cooldown if there is limited makeup space available
in the pressurizer. If this is the case, the operator should borate the RCS to the minimum
shutdown margin corresponding to Tc (per Technical Specifications). During the cooldown, as
RCS shrinkage provides more space in the pressurizer, the operator should borate to maintain the

7
}
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minimum shutdown margin until the cold shutdown boron concentration is achieved. Note that I
|if a 75"F/hr. cooldown rate is maintained, charging pump capacity will not be able to keep

pressurizer level constant during the initial stages of the cooldown. Therefore, pressurizer level
will lower and additional space will be available in the RCS for boration. i

46. An orderly cooldown to an RCS hot leg temperature of s [400*F] using forced or natural
circulation is performed in accordance with Technical Specification. One of the following
methods should be utilized to reduce RCS temperature:

The preferred method for cooling the RCS is by discharging steam using the turbinea.
bypass system. This method can only be implemented if the condenser is available.

b. If the condenser or turbine bypass system is not available, an RCS cooldown should be
performed by dumping steam using the atmospheric steam dump valves.

*47. If all RCP operation is terminated and inventory and pressure are controlled, then natural
circulation is monitored by heat removal via at least one steam generator. Natural circulation
flow should occur within 5-15 minutes after the RCPs were tripped.

The operator has adequate instrumentation to monitor natural circulation for the single phase
liquid natural circulation process. The RCS temperature instrumentation, namely loop AT, can
be used along with the other information to confirm that the single phase natural circulation
process is effective. The natural circulation process involving two phase cooling is complex and
varied enough so that RCS loop AT may not be a meaningful indication of adequate natural
circulation cooling. The guidelines are written to alert the operator to use explicit acceptance
criteria for natural circulation only v/ hen RCS inventory and pressure are controlled.

The RCS temperature response during natural circulation will be slow (5-15 minutes) as
compared to a normal forced flow system response time of 6-12 seconds, since the coolant loop
cycle time will be significantly larger.

When single phase natural circulation flow is established in at least one loop, the RCS should
indicate the following conditions:

Loop AT (Tu - TJ less than normal full power AT,a.

b. Hot and cold leg temperatures constant or decreasing,

c. RCS is subcooled based on representative CET temperature.

d. No abnormal differences between Tu RTDs and core exit thermocouples. Hot leg RTD
temperature should be consistent with the core exit thermocouples. Adequate natural
circulation flow ensures that core exit thermocouple temperatures will be approximately
equal to the hot leg RTDs temperature within the bounds of the instrument's inaccuracies.
An abnormal difference between Tu and the CETs is greater than [10*F].

Natural circulation is governed by decay heat, component elevations, primary to secondary heat
transfer, loop flow resistance, and voiding. Component elevations on C-E plant are such that
satisfactory natural circulation decay heat removal is obtained by fluid density differences between
the core region and the steam generator tube sheet.
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l' As a contingency, if the criteria listed are not met, then natural circulation in the RCS is not ,

effectively transferring heat from the core to the steam generators. Both RCS and Core Heat i
~

;

; Removal Safety Functions may become jeopardized if any of the above criteria continue to be j

violated. . Operators should ensure that RCS pressure and inventory, and SG steaming and [
feeding, are being controlled properly to prevent violation of a safety function.

',

i- ;
.

- i

' *48. The plant conditions should be carefully assessed by the operations staff, and the plant Technical
;

L Suppon Center (TSC) before any RCPs are restaned. RCPs are not required to be restaned |

following any LOCA. However, their restan may be desirable based on the listed criteria. ;

Therefore, the desire for forced circulation must be balanced against any risks prior to RCP {;

restart. ;

-|
For ~cenain small break LOCAs, there is a possibility that unborated (or lower boron ;
concentration) condensate could collect in the suction leg of the RCPs during a prolonged two- |
phase natural circulation cooling process. As the water in the core boils, steam is generated that
is largely devoid of boric acid (which remains dissolved in the highly borated liquid in the core).
This steam flows down the hot leg and into the steam generator tubes where it condenses. A .;

; ponion of the condensate runs down the upflow side of the steam generator tubes and returns to
'

the reactor vessel (reflux boiling). The remaining ponion runs down the downflow side of the ;

i
steam generator tubes and collects in the cold legs - the lowest ponions of which are the loop :

1 seals between the steam generator outlet plena and the Reactor Coolant Pumps. The !
.

consequences may be unacceptable if the unborated condensate which has accumulated in the cold |

| legs returns to the reactor vessel under forced circulation conditions without sufficient mixing !
with the highly borated inventory in the rest of the RCS (including the reactor downcomer and

'

!

lower plenum).
-

!For this reason, following a LOCA, the TSC is required to perform an evaluation of the
desirability (and feasibility) of staning RCPs prior to their restart.

.

The need for operation of the RCPs should be evaluated based on:

;

the adequacy of the RCS and core heat removal under the existing natural circulating |: a.
'

conditions,
;

b. the existing RCS pressure and temperatures,

c. the need for main pressurizer spray capability.
'

) If the existing natural circulation is providing satisfactory RCS and core heat removal, a transfer
to forced circulation operation may not be necessary. This would be panicularly true if the RCS i

had already been cooled and depressurized to SCS entry conditions. If the RCS pressure and ;

;

temperatures are closer to hot standby conditions, it may be desirable to restart the RCPs in order *

to allow a normal forced circulation cooldown. Consideration should also be given to the
necessity of having main pressurizer spray capability if auxiliary spray is not providing the
desired depressurization rate.

'

f

i
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The potential for RCP seal degradation should be evaluated based on:

a. how long CCW to the RCPs was interrupted,

b. RCP seal staging pressures and temperatures.

The possibility of seal degradation increases if the CCW has been interrupted for longer than 10
minutes. The seal staging pressures provide an indication of degraded seal stages (a low pressure
drop across a stage indicates a problem). Restart of an RCP with one or more degraded seal
stages should be avoided if possible.

The potential for core damage due to diluted RCS coolant in the suction leg of the RCPs must
be evaluated based on:

The length of time the plant was in two-phase natural circulationa.

b. The length of time the plant has been in single-phase natural circulation.

Since it takes time for condensate to accumulate in the RCP suction legs, the operator and plant
Technical Support Center (TSC) are required to consider the length of time the plant has been
in two-phase natural circulation when determining whether or not RCP restan is desirable.

Studies have demonstrated that if single-phase natural circulation has been established for at least
[20 minutes] prior to RCP restart, the consequences of RCP restan are acceptable. Therefore,
the operators and TSC are required to consider the length of time the plant has been in continuous
single-phase natural circulation (since it exited two-phase natural circulation) when evaluating the
desirability of RCP restart.

*49. If all RCPs have been stopped, then operation of two RCPs (in opposite loops) should be
attempted, if RCP restart criteria are met. This will ensure continued forced circulation of
coolant through the core, cooling of the RV head region, provide the capability for the normal
mode of pressurizer spray, condense RCS steam voids, and remove non-condensible gases from
the S/G tube bundle. Furthermore, this action enhances the strategy to obtain an uncomplicated
cooldown whenever possible during a recovery from a LOCA. However, only one reactor
coolant pump in each loop should be operated to minimize heat input to the RCS.

Determine whether RCP restan criteria are met Dy the following:

The Plant Technical Suppon Center has reviewed and recommended RCP restart. Duea.

to the potential for RCS/ core dilution, and the possibility of unacceptable consequences
resulting from RCP restart following prolonged two-phase natural circulation, it is
important (nat the decision to restart RCPs be made by more than one group. Since it
is the plant Technical Suppon Center's (TSC's) duty to follow the event and advise the
operating crew, this step requires the operators to obtain a positive recommendation from
the TSC to start an RCP prior to performing that action. This will ensure that a second
verification is made of the advisability of restaning an RCP following prolonged two-
phase natural circulation flow. For those events that do not result in two-phase natural
circulation, this determination has been deemed relatively simple and expedient. f
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Therefore, whether or not the plant had been in two-phase ural oirculation during the i

LOCA, this step requires the TSC to make a positive recommend * ion prior to RCP [
restart. |

'

b. Condensate that flows to the core on the cold side is depleted in boron and may collect
in the RCP loop seals and cold leg. The RCPs should not be started until after single
phase natural circulation has slowly moved this boron depleted coolant through the core.
Twenty minutes of single phase natural circulation is considered adequate circulation and
mixing time. ;

-i

c. Electrical power available to the RCP bus.

d. RCP auxiliaries (in particular component cooling water) to maintain seal injection, |

bearing, and motor cooling should be operating in order to prevent damage to the pump t

and/or motor. (Note: [Following automatic or operator initiated containment isolation, !

reinstatement of one of the following means of RCP seal cooling ([CCW),' [CVCS seal
injection (SI)], [ Dedicated Seal Injection System (DSIS)], should be considered to ensure ..

'
adequate RCP cooling. There should be no high temperature alarms on the RCPs to be
operated. :

e. At least one steam generator is available for removing heat from the RCS. A steam }
generator having the ability for feed flow and steam flow is available for removing heat '

from the RCS. |

f. Pressurizer level is greater than [33%) and not decreasing. A pressurizer level above (

[33 %) provides the operator with a margin for maintaining plant control during a LOCA. |
A level of [33 %) provides a margin above the heaters to offset the possible pressurizer |
level decrease due to loop shrinkage and/or steam void condensation. !

I

g. The RCS is subcooled based on representative CET temperature. A subcooled condition, i

taken in conjunction with (d) above, indicates that adequate inventory control has been j

established.
.

!

'50. Upon restarting two RCPs in opposite loops, pressurizer level and pressure may decrease due to :

loop shrinkage and/or steam void condensation. It is possible that this action will drain the |
!pressurizer. Steam voids present in the reactor vessel will condense upon restarting RCPs. The

HJTC RVLMS should be monitored for the trending of reactor vessel liquid level. This trending
-information may be correlated to pressurizer level decrease. RCP operation with a drained !

pressurizer may continue provided certain actions are taken and certain criteria are satisfied.
;

The following constitutes the actions to be taken, and the criteria to be satisfied, when restarting
'

RCPs.

I
a. Start one RCP in each loop. :

i

b. Ensure proper RCP operation by monitoring RCP amperage and pump NPSH. NPSH :

-is determined by pressurizer pressure and corresponding T, on Figure 5-1.
,

s ,

.
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Operate charging (and SI) pumps, and letdown as necessary to maintain pressurizer levelc.
greater than [14.3%). If SI pumps are operating, continue their operation until SI
termination criteria are met (refer to step 38). This action will ensure that pressurizer
heaters remain covered.

51. During a controlled cooldown and depressurization, the automatic operation of certain safeguard
systems is undesirable. Therefore, the setpoints for SIAS, and MSIS must be manually reset
(lowered) as the cooldown progresses to ensure that automatic engineered safeguards protection
remains available until the RCS is cooled down and depressurized.

52. During plant cooldown and depressurization, it may be necessary for the operators to vent the
Safety Injection Tanks (SITS) at a pressure above the maximum SIT pressure to prevent
inadvertent SIT injection. This allows the operator to maintain control of the RCS inventory.
In addition, it may be desirable for the operators tc have the SITS available for injection at a
lower pressure during lower mode operations. Therefore, this step instructs the operator to
reduce the SIT pressure to [300 psia] to prevent inadvertent injection but maintain its availability
during lower mode operations.

*S3. If pressurizer pressure reaches [445 psia] the safety injection tanks (SITS) must be vented,
drained, or their discharge valves shut to prevent the nitrogen cover gas from being discharged
into the RCS when RCS pressure is reduced below the SITS pressure during a controlled
cooldown.

*54. Low temperature overpressurization protection (LTOP) is initiated at T, < [259*F] to protect
against subjecting the RCS pressure boundary to low temperature brittle fracture.

*55. For certain sized breaks (small breaks), entry into shutdown cooling may be possible and may
be initiated if certain plant conditions exist.

a. Pressurizer level control should be established and verified by a level greater than
(14.3%) anc constant or increasing,

b. RCS subcooling is subcooled,

RCS pressure should be at or below the shutdown cooling system entry pressure of[450c.
psia]

d. RCS hot leg temperature should be at or below the shutdown cooling system entry
temperature of [400*F],

Before the SCS is operated, RCS activity levels must be determined since the RCS fluide.
will now be circulated outside of the containment building. The operator must decide
whether to circulate high activity RCS coolant outside containment if high activity is
present and such circulation has the potential for release to the environment. If the
potential for significant releases exists, it may be more desirable to continue cooling with |

!the steam generators.
l

f. Other plant specific prerequisites for SCS operation must be considered (e.g., component
cooling water, instrument air and valve control power). |

l

l
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( If SCS operation is determined to be appropriate, then the SIS is aligned for direct vessel

injection and the SCS is initiated. The [ Plant Technical Support Center or Plant Operations
Review Committee] may approve changes to these procedures which accommodate the LOCA
conditions.

If the RCS cannot be depressurized, then voiding may be causing RCS pressure to remain high.
Any time it is found that voiding inhibits RCS depressurization to SCS entry pressure, when SCS
operation is desired, then an attempt at elimination of the voiding should be made.

The operator should continuously monitor for the presence of voids. Voiding in the RCS may
be indicated by any of the following indications, parameter changes, or trends:

a. letdown flow greater than charging flow,

b. pressurizer level increasing significantly more than expected while operating pressurizer
spray,

c. the HJTC RVLMS indicates that voiding is present in the reactor vessel,

d. HJTC unheated thermocouple temperature indicates saturated conditions in the reactor
vessel upper head,

If voiding should be eliminated, then proceed as follows:

(A,) a. letdown is isolated or verified to be isolated to minimize further inventory loss,

b. the depressurization is stopped to prevent further growth of the void,

pressurizing and depressurizing the RCS within the limits of Figure 5-1 may condensec. ;

the void. Pressurizing has the effect of filling the voided portion of the RCS with cooler '

fluid which will remove heat from the region. Subsequent depressurization and a ,

repeating of this process several times will cool and condense the steam void. In the case |
of a void in the reactor vessel, the pressurization / depressurization cycle will produce a
fill and drain of the reactor vessel. The pressurization /depressurization cycle may be
accomplished using pressurizer heaters and spray (preferred method) or the SIS / charging
system (alternative method). Monitor pressurizer level and die HJTC RVLMS for
trending of RCS inventory. This will assist the operator in assessing the effectiveness
of void elimination.

d. if indications of unacceptable RCS voiding continue, and voiding is suspected to exist in
the steam generator tubes, then cool the steam generator (by steaming or blowdown,
and/or feeding) to condense the tube bundle void. This will be effective for condensing
scua voids but will not have an effect on non-condensible gases trapped in the tube
bundle. A buildup of non-condensible gases in the tube bundles will not hinder natural
circulation event with a large number of the tubes blocked. This is due to the small
amount of heat transfer area required for the removal of decay heat. Monitor pressurizer
level for trendirg of RCS inventory. This will assist the operator in assessing the

'
;

effectiveness of vcid elimination.(v)
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If indications of unacceptable RCS voiding continue, then voiding may be caused bye.
non<ondensible gases. Operate the Reactor Coolant Gas Vent System to clear trapped
non-condensible gases. Monitor pressurizer level and/or the HJTC RVLMS for trending
of RCS inventory. This will assist the operator in assessing the effectiveness of void
elimination.

When shutdown cooling system entry conditions are met, the LOCA guideline should be exited
and SCS operation initiated per plant-specific operating instructions. The [ Plant Technical
Support Center or Plant Operations Review Committee] may have modified the SCS procedure
or added special precautions to SCS operation because of the LOCA condition.

Safety Function Status Check

The Safety Function Status Check (SFSC) is used to continually verify the status of safety functions. The
safety function acceptance criteria are selected from test estimate analysis to reflect the range for each
parameter which would be expected following a Loss of Coolant Event. If all SFSC acceptance criteria
are being satisfied, then the adequacy of this guideline for mitigating the event in progress is confirmed
and the health and safety of the public is ensured.

O

O
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SAFETY FUNCTION STATUS CHECK BASES ..

'

LOSS OF COOLANT ACCIDENT'

,

The safety functions and their respective acceptance criteria listed below are those used to confirm the
- adequacy of the LOCA Guideline in mitigating the event.

Safety Function Av- Critesia Bases
'

,

1. Reactivity Control a. Reactor Power For all emergency events, the
Decreasing reactor must be shutdown.- |'

The criterion that no more

and than one CEA bottom be stuck >

out or the RCS borated
b. Negative Startup Rate observes typical Technical

Specification requirements.

|

c. Maximum of 1 CEA
N_QI fully inserted or
borated per Tech.
spec.

,
4

2. Maintenance of Vital a. All vital Division I One vital AC division is
Auxiliaries (AC and [4.16 kV AC], [125 V required to power equipment
DC power) DC], and [120 V AC] necessary to maintain control

,

,

Distribution Centers of all other safety functions.*

energized, One DC Division is required
'

as a minimum to provide

i . g monitoring and limited control
of the other safety functions.

All vital Division II
[4.16 kV AC), [125 V
DC), and [120 V AC]

~

Distribution Centers
'

energized.

.
3. RCS Inventory a, jf LOCA is isolated, If LOCA is isolated |

' Control Iht.Densure: pressurizer level should be
restored to the band of [2% to

i) - charging and 78%) by control of charging
'

letdown, and and letdown and SIS flow.'
SIS flow (per SIS flow may be terminated or
Figure 5-3) throttled when SIS termination
maintaining or criteria are met. The value of

j . restoring [78%], was chosen as an
pressurizer upper limit for pressurizer

._ level [2% to level to ensure an adequate

- .. o- -

!
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SAFETY FUNCTION STATUS CHECK BASES
LOSS OF COOLANT ACCIDENT (Continued)

Safety Function Acceptance Criteria Bases

3. (Continued) 78%] (unless bubble is in the pressurizer
SIS term- following an inadvertent
ination criteria initiation of auxiliary spray for

met). 20 seconds. A value of [2%),
was chosen as the lower limit

and to ensure the operator does notn
drain the pressurizer.

ii) the RCS is Subcooling coexisting with a
subcooled pressurizer level of [2" to

78%) indicates adequate RCS

and inventory control via a
saturated bubble in the

iii) the HJTC pressurizer.
RVLMS
indicates the Representative CET
core is covered Temperature is to be used -

during natural circulation flow
or conditions and Tu RTDs are

to be used during forced

b. 1[ LOCA NOT circulation flow conditions. .

isolated, Iben ensure: An HJTC RVLMS indicatione
that the core is covered, taken

i) Available in conjunction with
charging pump subcooling, is an additional
is operating indication that RCS inventory
and the SIS control has been established.
pumps are
injecting water For cases where RCS
into RCS per inventory has badly degraded,
Figure 5-3 the SIS operation provides

implicit assurance that control

and is being regained. At RCS
pressures greater than the

ii) the HJTC shutoff head of the SIS, the

RVLMS use of the charging pump is
indicates the emphasized.
core is
covered. The charging pump is

emphasized because until
pressure lowers, this will be
the sole means of injecting
water into the RCS.

O
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' () , SAFETY FUNCTION STATUS CHECK BASES
LOSS OF COOLANT ACCIDENT (Continued):

.

Safety Function ' Acceptance Criteria Bases ,

4. RCS Pressure Control a. Pressurizer heaters and The expected RCS pressure ;

'
spray, or charging and range of the LOCA event is

;
SIS pumps are ' very broad, therefore, the
maintaining or acceptance criteria are written' ,

restoring pressurizer to cover the expected range

pressure within the which may result from a |
;

P-T limits of Figure LOCA.' ;

5-1, ,

91
,

b. Available charging |
!

pump is operating and
the SIS pump (s) are

I injecting water into the
RCS per Figure 5-3
(unless SIS termination
criteria are met).

,

3

8. Core Heat Removal Tu RTDs and representative Super-heat condition in the
4

;. CET temperatures less than RCS can only occur with core

superheated. uncovery. Core uncovery. ,

results from a loss of RCS -
inventory which generally
results from two accident
scenarios: LOCA or loss of ,

steam generators as a heat-

sink. LOCA results directly

-

in a loss of inventory. Very
small break LOCAs will not

'

result in depressurization
much below the SI pump . .

shutoff head. For these small [
a'

break LOCAs superheat is i
,

indicative of core uncovery
occurring at high pressure. :

For large break LOCAs which
'

result in rapid depressurization j

to less than 300 psia, !
4

superheat which is indicative !
of core uncovery occurs at :

'p low pressure. A loss of - [
,

-

inventory (leading to core -;
uncovery) can also result from

~

a loss of S/G heat sink ;
;

!
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SAFETY FUNCTION STATUS CHECK BASES
LOSS OF COOLANT ACCIDENT (Continued)

Safety Function Acceptance Criteria Bases

5. (Continued) which causes RCS pressure to
rise high enough to lift the
primary safety valves. Core
uncovery and, therefore,
superheat on the [CETs]
indicate an advanced phase in
the approach to inadequate
core cooling and are
undesirable. If at anytime
superheat is approached or
indicated, the operator should
review the effectiveness of
earlier measures and take all
possible steps to restore the
inventory to at least a core
covet .d condition as indicated
by satuation or subcooling on
the CET, Subcooled Margin
Monitor, or as an indication of
core coverage on the HJTC
RVLMS.

6. RCS Ileat Removal a. At least one SG has Adequate RCS heat removal
wide level: will be maintained if at least

one steam generator is

i) within the available for removing heat
normal level (capable of steam flow and
band with feed flow). |
feedwater
available to |

maintain level

91

ii) being restored
by main,
emergency, or !

startup
feedwater
flow. !

l

|

0
:
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m) SAFETY FUNCTION STATUS CHECK BASES .(

LOSS OF COOLANT ACCIDENT (Continued) |
'

Safety Function Acceptance Criteria Bases

7. Containment Isolation a. No steam plant activity Steam plant activity is an
monitors alarming indication of a SGTR and is

not anticipated for a LOCA

ami- regardless of containment
conditions,

b. i) Containment
pressure less [2.7 psig] is the CIAS
than [2.7 psig] setpoint. If pressure does

reach [2.7 psig], containment

2I isolation valves should shut
automatically (i.e., or CIAS

ii) CIAS present should be present).
or manually
initiated If CIAS does not occur

automatically, the operator
<

ami should manually initiate a'

CIAS. i

c. i) No
containment The containment should be

\ area radiation isolated if containment area
monitors radiation monitors are
alarming alarming.

Et

ii) CIAS present
or manually
initiated and
Annulus Vent
System and
Subsphere
Ventilation
System is
operating.'

t

/'N

!

1

I
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SAFETY FUNCTION STATUS CHECK BASES
LOSS OF COOLANT ACCIDENT (Continued)

Ssfety Function Acceptance Criteria Bases

8. Containment a. i) Containment [236*F] corresponds to the

Temperature and Temperature saturation temperature

Pressure Control less than associated with the CSAS

[236*F] setpoint. [8.5 psig] is based on
CSAS serpoint.

alld
Containment temperature and

ii) Containment pressure may exceed the above
Pressure less limits during inside
than [8.5 psig] containment LOCA events. If

this happens, the containment

m cooling systems should be
operating to minimize the

b. At least one temperature and pressure.
containment spray Each containment sprays train
header delivering at which will remove 100% of
least [5000 gpm]. the design basis heat load

should be specified.

9. Containment a. Hydrogen The Containment Combustible
Combustible Gas concentrations less Gas Control safety function is
Control than [0.5 %) satisfied if hydrogen levels are

less than the minimum

m detectable concentration
(0.5%). If hydrogen is 2

b. i) All available 0.5% then operation of the
hydrogen hydrogen recombiners should
recombiners maintain the hydrogen
energized concentration below the lower

flammability limit of 4%. As
and a last resort, the hydrogen

mitigation system can be

ii) hydrogen operated to ensure containment
concentration integrity is maintained. The
less than 4% [ Plant Technical Suppott

Center or the Plant Operations

m Review Committee) will
review containment conditions

c. Hydrogen mitigation and recommend a hydrogen
system operating in mitigation if conditions
accordance with plant- warrant. The safety function
specific operating is satisfied if the mitigation
instructions. system is operating h1

accordance with (plant specific
operating instructions).
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i

Event Strategy

This section contains the detailed LOCA operator actions strategy flow chart, Figure 5-24. The flow j"

chart pictorially depicts the strategy around which the LOCA guideline is built. It is intended to assist
'

the reader in understanding the intent of the guideline writer and for use in training. Operators should.
understand the major objectives of the guideline in order to facilitate their progress toward the guideline
goals.

| The strategy charts show the LOCA Recovery Guideline strategy in detail and list the guideline steps
which correspond to each strategy objective. Some steps in the guideline rnay be perfornal at any time |
during the course of an event. Those steps which have an asterisk next to the step number can be

'

] performed at any time during the event.
,

!

l

.

|

;

,

,

i
i

4

. ,1

|
I

,
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INITMTED FROM MODE 1 INITMTED FROM MODE 3

OR MODE 2 OR MODE 4

I I

STANDARD POST TRIP DIAGNOSE LOCA
ACTIONS PERFORMED

I |

OLAGNOSE LOCA SPECIFIED ENTRY
CONDITIONS ARE MET

I

LOSS OF COOLANT ACCIDENT ORG

1P

CONFIRM NOygg
DIAGNOSIS
OF LOCA7

1 F STEPS 1,

SIS INSTRUCTIONS

STEP #2,3

1P

RCP INSTRUCTIONS
YES ANOTHER NO

EVENT
STEP #4,5 DIAGNOSED 7

ST EP #1

1 P
l f 1P

RECORD TIME OF DAY GO TO APPROPRIATE
ORG GO TO FRG

STEP #6 STLP #1 sgp 31

1 P

ATTEMPT TO ISOLATE LOCA

STEPS 7

1 P

VERIFY LOCA NOT OLITSIDE
CONTAINMENT

STEP #6

1 P

1

V

1xas of Coolant Accident Recovery Strategy Chart Figure 5-24a
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'

1

%#

1 V

CONTAINMENT ISOtATION,
.

'
TEMP & PRESS CONTROL

STEP 89.10,11,12
1 P

4

PLACE H, MONITORS IN
SERVICE

STEP #13
1 r

RAOCONTROL

l STEP S14

1 r

YES OCA NO ]
'

STEP #37 STEP #15
7

Si TERMINATION & RESTART RAPID COOLDOWN TO SDC
ENTRY CONDmONS

STEP #36,39
STEPS 16

q 7

O RCS INVENTORY CONTROL SG FEEDING &
CONDENSATE INVENTORY

STEP HO'

STEP #17,18
q y

RCS PRESSURE CONTROL RCS INVENTORY CONTROL

STEP M1,42
STEP #19

1 P 1r
SG FEEDING &

CONDENSATE INVENTORY RCS PRESSURE CONTROL

STEP M3,44
STEP #20

1 P

REACTMTY CONTROL

STEP MS

1 r

PERFORM COOLDOWN

STE P M6

1 P 1 P

2 3

V V

Loss of Coolant Accident Recovery Strategy Chart Figure 5-24b
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2 3

%/ %/

1P
1 r

NATURAL
NATURAL CIRCULATION GUIDANCE

CIRCULATION GUIDANCE
S TEP #22,23

STEPg47

YES CP RESTART NO
YES RCP RESTART NO

DESIRED 7
DESIRED 7

STEP #24
STEP 848

1 I 1P

YES RCP RESTART NO
YES RCP RESTART NO

I CRITERIA MET 7 STEP #25CRITERIA MET 7 ,

1rt
| REST ART RCPs

RESTART RCPs

STEP 850 STEP #26

1P1F
SI EWNATION & RESMT

BYPASS ESFAS SETPOINTS CRfTERIA

STEP W ggypyyy gg
3y

,

ISOLATE, VENT OR DRAIN
STTs

STEP #52,53
5y

INITIATE LTOP

STEP 854
1P

u

|| IRWST GUiOANCE

I STEP s29

\ 1r

| BYPAS ESFAS SETPOINTSYES
SCS ENTR NO
CONDITIONS STEP #30

MET 7
STEP 855 1r

ISOLATE, VENT
3y q7 OR DRAIN SITS

INITIATE SCS OPS &
MON 1 TOR FOR VOIDS STEP #31,32

EXIT LOCA ORG l'

STEPS 55 STEP 855
p

ELIM:NATE VolOS V

S TEP 855

Loss of Coolant Accident RecoYery Strategy Chart Figure 5-W
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. U,~~
4'

%/
.

1 V \

l
'

INITIATE LTOP

STEP #33

1

1 r |
4

1 '

IF SCS NOT ESTABUSHED
NO (24) HRS AFTER LOCA440TYES St THROTTLE ? LEG & DIRECT VESSELCRITERIA MET?

INJECTION .
p

STEP W35

I

.

1 P

SCS ENTRY NO iYES

O CONDITONS 4

MET 7 |

STEP G

1 P

INITIATE SCS
OPERATIONS

STEP G 1 P

YES VOCING INHIBITS NO
DEPRESSURIZATION7

STEP G

II 1 P

ELIMINATE RCS VOOS MAINTAIN CORE
COOUNG

STEP G STEP W

Loss of Coolant Accidem Recovery Strategy Chart Figure 5-24d
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.,
6.0 Steam Generator Tube Rupture Recovery

Purpose

This guideline provides operator actions which must be accomplished in the event of a Steam Generator
Tube Rupture (SGTR). The actions in this guideline are necessary to ensure that the plant is placed in

'

a stable, safe condition. The goal of the guideline is to safely establish Shutdown Cooling System entry
conditions while minimizing radiological releases to the environment and maintaining adequate core
cooling. This guideline provides technical information to be used by utilities in developing a plant
specific procedure.

Entry Conditions

1. The Standard Post Trip Actions have been performed.

91

All of the following conditions exist:

a. Event initiated from Mode 3 or Mode 4,

b. SIAS has HQI been blocked,

c. LTOP has HQI been initiated.

add
.

2. Plant conditions indicate that a steam generator tube rupture has occurred. Any one or more of |
!

the following may be present-
I

a. Condenser Vacuum Pump high activity alarm.

b. Steam generator blowdown high activity alarm.
l

c. High activity and conductivity in steam generator liquid sample.

d. Increasing steam generator level. |

1

c. Main Steamline N-16 monitor alarms.
l

f. Turbine Building sump activity alarms |

|
g. Decreasing pressurizer level

|h. Steamline area radiation monitor alarms.

OV !

l

|

ADM Emergency oporreione Guideenes Page 6-1 |

,

'

- __ __



System 80 + Design Control Document

Exit Conditions

1. The diagnosis of a Steam Generator Tube Rupture event is not confirmed.

QI

2. Any of the Steam Generator Tube Rupture Safety Function Status Check acceptr.nce criteria are
not satisfied.

E

3. The Steam Generator Tube Rupture EOG has accomplished its purpose by satisfying All of the
following:

All Safety Function Status Check acceptance criteria are being satisfied,a.

b. Shutdown Cooling System entry conditions have been established.

An appropriate, approved procedure to implement exists or has been approved by thec.
(Plant Technical Support Center or the Plant Operations Review Conunittee].

O
e

O
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|

>O OPERATOR ACTIONS
STEAM GENERATOR TUBE RUPTURE ;

Instructions Contl%ency Actions

* 1. Confirm diagnosis of a Steam Generator 1. Rediagnose event and exit to either

Rupture by: appropriate Optimal Recovery Guideline
or to the Functional Recovery Guideline. }

a. verifying Safety Function Status !

Check acceptance criteria are
satisfied.

and

b. referring to the Break
Identification Chart (Figure 6-2),

10d ,

c. sampling both steam generators
for activity.

* 2. H pressurizer pressure decreases to or 2. H pressurizer pressure decreases to or i

{ below the SIAS setpoint, Then verify below the SIAS setpoint and a SIAS has j

ROI been initiated automatically, ThenQSIAS is actuated.s
manually initiate a SIAS.

* 3. Ensure maximum charging and safety 3. H charging and safety injection flow
injection flow to the RCS, unless SI EQI maximized, Ihe_a do the following
termination criteria are met, by: as necessary:

a. start available charging pump a. ensure electrical power to valves
and idle SIS pumps and verify and pumps,
SIS flow in accordance with
Figure 6-3. b. ensure correct SIS valve lineup,

c. ensure operation of necessary
auxiliary systems.

* 4. H pressurizer pressure decreases to less 4. Continue RCP operation.
|

than [1400 psia) following an SIAS,
Ihsn ensure two of four RCPs are
tripped (in opposite loops).

* 5. Venfy RCP operating limits are 5. Irjp the RCP(s) which do not satisfy
satisfied. RCP operating limits.

O
* Step Performed Continuously

Aou. tmroency opmaan om rose s-2
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OPERATOR ACTIONS
STEAM GENERATOR TUBE RUlrrURE (Continued)

Instructions Contingency Actions

6. Verify RCS hot leg temperature is less 6. Cooldown the RCS to a hot leg

than [547'F) in order to minimize the temperature of less than [547'F] by )

possibility of lifting steam generator (listed in order of preference):

safeties after isolating a steam generator.
a. operation of the steam bypass

system,

21

b. operation of the steam generator
blowdown system to the
condenser,

01

c. If the condenser or steam bypass
system not available and the
blowdown is insufficient, Then
by operation of the atmospheric
dump valve (s).

7. Maintain steam generator level (s) in the 7.

normal band using insin, staitup or
emergency feedwater.

8. Determine which steam generator has 8.

the tube rupture by performing the
following:

a. sample steam generators for
activity,

b. monitor main steam piping for
activity (area monitors and/or
Nitrogen-16 monitors),

c. monitor steam generator levels.

O

ADM Emergency operathms GuideArms page 6 4
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OPERATOR ACTIONS
' STEAM GENERATOR TUBE RUPTURE (Continued)

Instructions Contingency Actions

9. When RCS hot leg temperature is less 9.
than [547'F], Ihe.g isolate the steam
generator with the higher activity,
higher radiation levels, or increasing
water level by performing the following:

a. close the MSIV, a. locally close MSIV, '

b. verify closed, or close the MSIV b. locally close MSIV bypass

bypass valve, valve,

c. verify the most affected SG c. H the ADV can not be closed
pressure s [1150 psia] and manually, the.D close the valve

manually close the associated locally
ADV,

d. close the main feedwater d. locally close main feedwater
isolation valve, isolation valve,

/
( e. close the emergency feedwater e. locally close EFW isolation

- isolation valve (s) including the valve (s) and steam driven pump i

steam driven pump steam supply steam supply valve. i

valve associated with the steam |

generator being isolated, |
.

1

f, isolate steam generator f. locally isolate steam generator |
blowdown blowdown 1

g. close vents, drains, exhausts, g. locally isolate vents, drains,
and bleedoffs from the steam exhausts, and bleedoffs.

system,

I

h. Close turbine plant sump to
radwaste

10. Verify the most affected steam generator 10. H the wrong steam generator was
is isolated by checking the following: isolated, Iben unisolate that steam !

generator and isolate the most affected
a. activity levels, steam generator per step 9.

b. radiation levels,

c.' possible steam generator level
O increase.
L.)

* Step Performed Continuously
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OPERATOR ACTIONS
STEAM GENERATOR TUBE RUlrTURE (Continued) i

Instructions Contingency Actions

*11. Mainteir. isolated steam generator 11.

pressure less than [1150 psia] to prevent
MSSV cpening by:

a. Manual operation of the
associated ADV,

-

b. Local ormation of the associated
ADV.

*12. Decrease and control RCS pressure by 12. H RCS pressure can not be maintained

using main or auxiliary spray, reactor less than [1200 psia] using main or
coolant gas vent system, operation of auxiliary spray, reactor coolant gas vent

charging and letdown, or throttling of system, operation of charging and
safety injection pumps (refer to step 14), letdown, or throttling of safety injection
in order to control pressurizer pressure pumps, ibJll exit this guideline and
within the following criteria: implement the Functional Recovery

Guideline and Pressure Control Success

a. less than [1200 psia), Path PC-7, RCS Pressure Control via
Rapid Depressurization System during a

gJ1d SGTR Event.

b. mainta'n RCS pressure
appronmately equal to but
whnin 50 psi above isolated SG
pressure.

*13. hLajnta!D the RCS within the acceptable 13. H RCS subcooling greater than P-T
Post Accident Pressure-Temperature limits or cooldown rate greater than
limits of Figure 6-1 by the following: [100*F/llr], Then do the following as

appropriate:
a. controlling RCS beat removal

via the unisolated steam a. stop the cooldown.
generator,

add

b. control of RCS pressure (refer to b. depressurize the plant using the
step 12), Reactor Coolant Gas Vent

System or main or auxiliary
spray to restore and maintain
pressurizer pressure within the
Post Accident P-T limits of
Figure 6.1,

* Step Performed Continuously

soar tmerency opaewa awseann rose s-s
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( ) OIERATOR ACTIONS
STEAM GENERATOR TUBE RUPTURE (Continued) {

,

Instructions Contingency Actions
1

*13. (Continued) c. attempt to maintain the plant in a
stable pressure-temperature
configuration or continue to
cooldown within the limits of
Figure 6-1,

j

d. If overpressurization due to
SI/ charging flow, Then throttle
or secure flow (refer to step 15)
and manually control letdown to
restore / maintain pressure within
the P-T limits of Figure 6-1.

*14. Maintain the isolated steam generator 14. Restote the isolated steam generator
level within [40% to 95%) narrow range level to less than [95%) narrow range by
by the following: the following:

'

a. periodic draining to the a. draining to the radioactive waste

(Q
radioactive waste system via system or blowdown to the

/ blowdown processing system or condenser

blowdown to the condenser i

b. dump steam from the affected
steam generator to the condenser
with approval of the [ Emergency

Coordinator] or the [ Plant
Technical Support Center or
Operation Review Committee].

*15. If SI pumps are operating,Ihen they 15. Continue Si pump operation.
may be throttled or stopped, one pump
at a time, if All of the following are
satisfied:

a. RCS is subcooled based on
representative CET temperature
(Figure 6-1),

b. pressurizer level is greater than
[14.3 %) and not decreasing,

.v
* Step Performed Continuously

|
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OPERATOR ACTIONS
STEAM GENERATOR TUBE RUPTURE (Continued)

Instructions Contingency Actions

*15. (Continued)

c. the unisolated steam generator is
available for removing heat from
the RCS (ability for feed and
steam flow),

d. the HJTC RVLMS indicates a
minimum level at the top of the
hot leg nozzles.

*16. If criteria of step 15 cannot be 16.

maintained after SI pumps throttled or
stopped, Ih!D appropriate S1 pumps
must be restaned and full Si flow
restored.

*17. Control charging and letdown, and SI 17. If RCS subcooling can NOT be

(unless Si termination criteria met) to maintained, Then [78%] may be

restore and maintain pressurizer level exceeded to restore RCS subcooling.

[2% to 78%J.

*18. Jf no RCPs are operating, Ibsn verify 18. Ensure proper control of steam

natural circulation flow in at least one generator steaming and feeding (refer to

loop by All of the following: steps 23 and 24), and RCS pressure and
inventory (refer to steps 12 and 17).

a. loop AT(Tn - Tc) less than
normal full power AT,

b. hot and cold leg temperatures
constant or decreasing,

c. RCS is subcooled based on
representative CET temperature,

d. no abnormal difference (greater

than [10'F]) between Tu RTDs
and Core Exit Thermocouples.

O
* Step Performed Continuously
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(mj OPERATOR ACTIONS
STEAM GENERATOR TUBE RUPTURE (Continued)

*

Instructions Contingency Actions

*19. H RCPs are N_QI operating,Iben 19. a. H RCP operation HQI desired,e

evaluate the need and desirability of Ihell go to step 22.
restarting RCPs Consider the
following: gI

i

a. adequacy of RCS and core heat b. H at least one RCP operating in

removal using natural each loop, Then go to step 22. '

circulation,

b. existing RCS pressure and
temperatures,

c. the need for main pressurizer
spray capability,

d. the duration of CCW
interruption to RCPs,

c. RCP seal staging pressures and(~N
'

temperatures.

*20. Determine whether RCP restart criteria 20.
,

are met by ALL of the following:

a. electrical power is available to
the RCPs,

b. RCP auxiliaries ([CCW)) to
maintain seal cooling and
bearing and motor cooling are
operating, and there are no high
temperature alarms on the
selected RCPs.

c. the unisolated steam generator is
available for removing heat from
the RCS (ability for feed and
steam flow).

d. pressurizer level is greater than
[33%] and not decreasing,

O
* Step Performed Continuously
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OPERATOR ACTIONS
STEAM GENERATOR TUBE RUPTURE (Continued)

Instructions Contingency Actions

*20. (Continued)

e. RCS is subcooled based on
representative CET temperature
(Figure 6-1),

f. other criteria satisfied per RCP
operating instructions.

g. Natural circulation has been
established per Step 18 for the
preceding 20 minutes.

*21. If RCP restart desired and restart criteria 21.
satisfied,IlLD do the following:

a. str e one RCP in unaffected
loop,

b. ensure proper RCP operation by
monitoring RCP amperage and
NPSH,

c. operate charging (and SI) pumps
to maintain pressurizer level
greater then [14.3%] and until
Si termination criteria met.
(Refer to step 15).

d. start one RCP in the affected
loop.

22. Sample the RCS periodically for 22.
radioactivity and boron concentration.
Calculate and add sufficient boron to the
RCS to raise the entire RCS (including
the pressurizer) to the shutdown margin
required by Technical Specifications.

O
* Step Performed Continuously

'
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: OPERATOR ACTIONS i
# STEAM GENERATOR TUBE RUPTURE (Continued) |

|
I

Instructions Contingency Actions

23. Perform controlled plant cooldown, 23.
using forced or natural circulation, in
accordance with Technical
Specifications. Reduce RCS
temperatures by the following:

a. H the condenser is available, ;

Ihe0 cooldown using the steam
bypass system,

,

'
91

I
b. H the condenser or steam bypass

system HQI available, Then
cooldown using the unisolated
steam generator atmospheric
dump valve.

I

(" ' *24. Maintain unisolated steam generator 24.
'

( level in the normal band throughout the
cooldown using main, startup or
emergency feedwater. |

l

25. Bvoass or lower the automatic initiation 25.
setpoints of MSIS and SIAS as the
cooldown and deptessurization proceed.

*26. Ensure the available emergency 26.
feedwater inventory is adequate per
Figures 6-4 and 6-5. 1

27. Maintain IRWST level by replenishment 27.
from available sources as necessary.

|

|

.

OV
* Step Performed Continuously
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OPERATOR ACTIONS
STEAM GENERATOR TUBE RUPTURE (Continued)

Instructions Contingency Actions

28. Cool and deoressurize the isolated steam 28.
generator as the cooldown proceeds by
one of the following methods:

a. feed and bleed using main,
startup or emergency feedwater
and blowdown,

b. steaming the isolated steam
generator to the condenser (if
available) or to atmosphere, with
approval of the [ Emergency

Coordinator] or the [ Plant
Technical Support Center or
Plant Operations Review

Committee].

*29. Sample the condensate and other 29.
connecting systems, including turbine
building sumps, for activity.

*30. Monitor the turbine and radwaste 30.
building ventilation radiation monitors
and any other applicable radiation
monitors.

a. JJ radiation monitor readings are
excessive, TheJ1 take correctivee

actions in accordance with TSC
recommendations.

*31. When pressurizer pressure reaches [740 31.

psia), reduce SIT pressure to [300 psi).

*32. If pressurizer pressure decreases to [445 32.

psia], Ihen isolate, vent or drain the
safety injection tanks (SITS).

*33. Initiate low temperature 33.
overpressurization protection (LTOP) at
T, :s; [259'F].

9
* Step Performed Continuously
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A
OPERATOR ACTIONSQ. STEAM GENERATOR TUBE RUPTURE (Continued)

Instructions Contingency Actions >

_htB the following SCS entry 34. H the RCS fails to depressurize,IbeD a*34. W
conditions are established: void should be suspected.

a, pressurizer level > [14.3%) and a. voiding in the RCS may be
constant or increasing, indicated by any of the following i

indications, parameter changes,

b. RCS is subcooled or trends:

c. RCS pressure s [450 psia) i) letdown flow greater
,

than charging flow, -

d. RCS T 5 I4W8. -

H
ii) pressurizer level i

Ih1D exit this guideline and initiate SCS increasing significantly
operation per operating instructions, more than expected

while operating
pressurizer spray,

iii) the HJTC RVLMS indi- )
cates that voiding is !'

s present in the reactor |

vessel, |

iv) HJTC RVLMS unheated
thermocouple
temperature indicates
saturated conditions in
the reactor vessel upper
head,

b. H voiding inhibits RCS
,

1depressurizatian to SCS entry
pressure, IhtD attempt to ;

eliminate the voiding by: ;
i

i) verify letdown is
isolated, i

and

ii) stop the,

depressurization, |

A ""4U
* Step Performed Continuously

,
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OPERATOR ACTIONS
STEAM GENERATOR TUBE RUPTURE (Continued) |

|

t

Instructions Contingency Actions |

'34. (Continued) iii) pressurize and
depressurize the RCS j

within the limits of (
Figure 6-1 by operating |

'

pressurizer heaters and
spray or SI and charging
pumps. Monitor
pressurizer level and the
HJTC RVLMS for
trending of RCS
inventory.

c. If depressurization of the RCS to
the SCS entry pressure is still
not possible, Then attempt to
eliminate the voiding by:

i) operate the Reactor
Coolant Gas Vent
System to clear trapped ,

non-condensible gases. ;

l

ajid )

ii) monitor pressurizer level
and/or the HJTC
RVLMS for trending of
RCS inventory.

d. Lf depressurization of the RCS to
the SCS entry pressure is still
not possible, and voiding is
suspected to exist in the steam
generator tubes, Then attempt to
eliminate the voiding by:

i) cool the suspected steam
generator (by steaming
and/or blowdown, and
feeding) to condense the
steam generator tube
void,

9
* Step Performed Continuously
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. OPERATOR ACTIONS l

STEAM GENERATOR TUBE RUPTURE (Continued) |
.

Instructions Contingency Actions

*34. (Continued) ad
|

ii) . monitor pressurizer level :I
<

-
for trending RCS ;

inventory.

..

c. Continue attempts to establish ;

SCS entry conditions, or exit
this guideline and initiate an
appropriate procedure as ;

directed by the [ Plant Technical
',

Support Center or Plant
Operations Review Committee].

<

! The Steam Generator Tube Rupture Recovery Guideline has accomplished its purpose if the most affected
steam generator has been isolated and cooled, shutdown cooling system entry conditions have been;

established, and all SFSC acceptance criteria are being satisfied.

:
i

!

b. ,

.

4

4

f

f

>

1

K_)
[

4
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hSupplementary Information

This section contains items which should be considered when implementing EOGs and preparing plant
specific EOPs. The items should be implemented as precautions, cautions, notes, or in the EOP training
program.

1. To minimize the release of radioactivity directly to the environment, use of the atmospheric steam
dump valves on the affected steam generator should be minimized.

2. To reduce the release of potentially radioactive steam from turbine driven pump exhausts, the
motor driven main, startup and emergency feedwater pumps should be used. If the motor driven
pumps are not available, steam from the intact steam generator should be used to drive the
turbine driven emergency feed pump.

3. During all phases of the cooldown, RCS temperature and pressure should be monitored to avoid
exceeding a maximum cooldown rate greater than Technical Specification Limitations.

4. Automatic feedwater modulation may mask the expected steam generator level increase due to
a steam generator tube rupture.

5. If the faulted steam generator has been isolated and the cooldown is proceeding via natural
circulation, an inverted AT (i.e., Tc greater than Tg) may be observed in the idle loop. This is
due to a small amount of reverse heat transfer in the isolated steam generator and will have no
effect on natural circulation flow in the intact steam generator.

6. Do not place systems in " manual" unless misoperation in " automatic" is apparent. Systems
placed in " manual" must be checked frequently to ensure proper operation.

7. All available indications should be used to aid in diagnosing the event since the accident may
cause irregularities in a particular instrument reading. Instrument readings must be corroborated
when one or more confirmatory indications are available. (e.g., during depressurization the
indicated level in the pressurizer may be higher than the actual level).

8. If the initial cooldown rate exceeds Technical Specification Limits, there may be a potential for
pressurized thermal shock (PTS) of the reactor vessel. Post-Accident Pressure / Temperature
Limits of Figure 6-1 should be maintained. |

l

9. Solid water operation of the pressurizer should be avoided unless subcooling cannot be maintained !
in the RCS (Figure 6-1). If the RCS is solid, closely monitor any makeup or draining and any j

system heatup or cooldown to avoid any unfavorable rapid pressure excursions.

10. Minimize the number of cycles of pressurizer auxiliary spray whenever the temperature
differential between the spray water and the pressurizer is greater than [200*F] in order to |

|minimize the increase in the spray nozzle thennal stress accumulation factor.

11. If restarting reactor coolant pumps, consideration should be given to choosing pump combinations i

which will maximize pressurizer spray flow. l

i
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!
12. The operator should continuously monitor for the presence of RCS voiding and take steps to

eliminate voiding any time voiding causes heat removal or inventory control safety functions to r

begin to be threatened. Void elimination should be started soon enough to ensure heat removal ;

and inventory control are not lost.

13. When a void exists in the reactor vessel, and RCPs are not operating, the HJTC RVLMS
provides an accurate indication of reactor vessel liquid inventory. When a void exists in the ;

reactor vessel, and RCPs are operating, it is not possible to obtain an accurate reactor vessel
'

liquid level indication due to the effect of the RCP induced pressure head on the HJTC RVLMS. '

Information concerning reactor vessel liquid inventory trending may still be discerned. However,
the operator is cautioned not to rely solely on the HJTC RVLMS indication when RCPs are_ ,

operating. ;

14. It is desirable to have all electrical equipment available in order to most effectively mitigate and ,

recover front a steam generator tube rupture event. Therefore, if any safety division AC or DC |

is de-energized, operators should attempt to restore power to the lost bus (es). This action is ,

taken even though the loss of one vital AC or DC bus will not prevent the operators from i

performing all necessary actions in the Steam Generator Tube Rupture ORG. j

15. Operators should be aware of the status of CCW supply to the RCPs and, if CCW has been
isolated, should restore CCW if possible and desired.

16. The operator should take all steps possible to minimize the possibility of opening main steam
safeties on the isolated SG. These steps include; ensuring RCS Tu is below [S47*F], ensuring j

RCS pressure is below [1200 psia), and taking steps to avoid filling the isolated SG. These !

actions minimize the possibility of opening the main steam safety valve (s) with a resultant t

uncontrolled release of radioactivi"y to the environment. |
I

17. When restarting RCPs, it is preferable to first start an RCP in the loop with the operating SG.
Starting an RCP in the affected loop could cause a temporary reversal of Tu and Tc indications
in the operating loop and minimize the rate of mixing of inventory from the isolated loop.

,

18. When indicated SG water level is excessively high (100% or greater) the possibility of valve'

damage and uncontrolled radioactive releases from direct water relief through the ADVs should
be considered before steaming the affected steam generator,4

f 19. If there is a conflict between isolating a SG and maintaining adequate heat removal, then maintain
RCS heat removal via the least affected SG. At least one SG should always be available for heat

; removal, if at all possible.

20. Prior to RCP restart, verify loops with restart RCP(s) have been in natural circulation
continuously for the preceding 20 minutes.

'

21. The Diverse Manual ESFAS provides a diverse means of initiating the following in the event of
a ESFAS common mode failure which results in the failure of the ESFAS systems to
automatically and manually actuate: ,

* 2 trains of Safety Injection

* One train of Containment Spray
i

M *Es w yan n W GeshAnames Aspe & r7 i
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h* One train of Emergency Feedwater

* Closure of the Main Steam Isolation Valves

* Closure of the Containment Air Purge Valves

* Closure of a Letdown isolation Valve

These Diverse Manual ESFAS signals are initiated by the operator through the manual actuation
of switches located in the Main Control Room in the event the automatic and manual actuation
signals fail. The operator should be aware, however, thet the actuation switches provide for
system level actuation of these signals and once these signals are actuated, all datalinks, network
communications, and all computers with large software applications are bypassed.

O

r
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PRIMARY BREAK OR SECONDARY BREAK SUSPECTED

A.

SUBCOOLING
YES INCREASING ANDOR NO

ONE OR DOTH SGs
INDICATE PRESSURE

LOW 7

1 V

EXCESS STEAM
DEMAND EVENT PRIMARY SIDE

(ESDE) BREAK

1P1r
s. C.

CONTAINMENT YES CONTAINMENT NO
YES PRESSUREPRESSURE

INCREASING 7*INCREASING 7

O
D. I f

YES ACTIVITY 1 NO
STEAM
PLANT 7

9P 1 P 1r 1 r 1P

60'"^
ESDE IN ESDE OUT OF LOCA INSIDE SGTR

CONTAINMENT CONTAINMENT CONTAINMENT CO NT

* MAY BE SLCAVIN THE CASE OF SMALL BREAK LOCA IN CONTAINMENT

Hreak identification Chart Figure 6-2
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SAFETY FUNCTION STATUS CHECK
STEAM GENERATOR TUBE RUPTURE

Safety Function Acceptance Criteria

1. Reactivity Control 1. a. Reactor power decreasing

and

b. Negative Startup Rate

add

c. Maximum of I CEA p_qi fully
inserted

DI

RCS is borated per Tech Specs.

2. Maintenance of Vital Auxiliaries (AC 2. All vital Division I [4.16 kV AC], [125
and DC Power) V DC), and [120 V AC) Distribution

Centers energized,

m
!

l

All vital Division 11 [4.16 kV AC], [125 ;

V DC], and [120 V AC) Distribution I

Centers energized.

3. RCS Inventory Control 3. a. If pressurizer level is [2% to 1

78%], then: |
i

i) charging and letdown,
and SI (unless SI
termination criteria are |

met), are maintaining or I
restoring pressurizer |
level

!!!d

ii) the RCS is subcooled

add

iii) the HJTC RVLMS
'

indicates the core is
covered

*
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O SAFETY FUNCTION STATUS CHECKg
STEAM GENERATOR TUBE RUITURE (Continued)

Safety Function Acceptance Criteria

3. (Continued) g

b. If pressurizer level is less than
[2%), Ihml:

i) available charging pump
is operating and the SIS
pump (s) are injecting
water into the RCS per
Figure 6-3,

and

ii) the HJTC RVLMS
indicates the core is
covered.

4. RCS Pressure Control 4. a. Pressurizer heaters and spray,
the Reactor Coolant Gas Vent

U System, charging and letdown,
or Si pumps (unless Si
termination criteria met) are
maintaining or restoring
pressurizer pressure within the
limits of Figure 6-1.

,

91

b. available charging pump is
operating and the SI pump (s) are
injecting water into the RCS per
Figure 6-3 (unless SIS
termination criteria are met).

5. Core Heat Removal 5. Tu RTD and representative Core Exit
Thermocouple temperatures less than

[626*F).

6. RCS Heat Removal 6. a. i) At least one steam
generator has level
within normal level band
with feedwater availablep

!
- to maintain level

x

M
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SAFETY FUNCTION STATUS CHECK
STEAM GENERATOR TUBE RUPTURE (Continued)

Safety Function Acceptance Criteria

6. (Continued) ii) At least one steam
generator has level being
restored to the normal
band by feedwater flow
with level increasing

91

iii) Total feedwater flow to
either or both steam
generators greater than
[500 gpm],

add

b. RCS Tu is less than [547*F]

add

c. RCS temperature is controlled
by the Steam Bypass System or
ADVs.

7. Containment Isolation 7. a. Containment pressure less than
[2.0 psig]

add

b. No containment area radiation
monitors alarming

.

,

add

c. No abnormal increase in IRWST
or containment stunp levels.

add

d. No Nuclear Annex alarms

O
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SAFETY FUNCTION STATUS CHECK i

STEAM GENERATOR TUBE RUPTURE (Continued)

Safety Function Acceptance Criteria

8. Containment Temperature and Pressure 8. a. Containment temperature less

Control than [110*F]
4

ALxl'

b. Containment pressure less than
[2.0 psig.]

9. Containment Combustible Gas Control 9. a. Containment temperature less

than [110*F]

i and :

b. Containinent pressure less than
4 '

[2.0 psig.]

1

7

O
,

$

'

N.)

.
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Bases

The bases section of the Steam Generator Tube Rupture (SGTR) Recovery Guideline describes the SGTR
transient in relation to the actions which the operator takes during a SGTR. The purpose of the bases
section is to provide the operators with information which will enable them to understand the reasons for,
and the consequences of, the actions they take during a SGTR.

Characterization of a SGTR Event

The Steam Generator Tube Rupture accident is a penetration of the barrier between the reactor coolant
system (RCS) and the main steam system. The penetration can range from the failure of an etch pit, a
small crack in a U-tube or weld joining the U-tube to the tube sheet, to a single tube double-ended
rupture, to multiple ruptures in one generator, or to simultaneous ruptures in both generators. The inside
diameter of a steam generator tube is [0.67 inches]. A complete severance of a tube which allows reactor
coolant to flow out both ends has an equivalent flow area of approximately [0.7 square inches]. This size
may be contpared to 0.072 square inches, the smallest hole which is classified as a Loss of Coolant
Accident. The flowrate for a Steam Generator Tube Rupture differs from the classic Loss of Coolant
Accident in that the backpressure opposing flow is the steam generator pressure instead of the containment

pressure.

For the double ended mpture of one steam generator tube, without operator action, a reactor trip is
expected within 15 minutes after rupture. Multiple tube failures could result m a more rapid plant
response. Ruptures within charging system capacity will not result in a continuously decreasing
pressurizer level and pressure, since the automatic operation of the PLCS may stop the decrease. An
automatic reactor trip may not occur and a controlled reactor shutdown should be performed using the
appropriate non-emergency procedures.

A steam generator tube ruptt'n is characterized by specific parameters that are indicated in the control
room. Some of these indications are:

Radiation monitors indicating an increase in activity levels at the vacuum pump discharge, at thea.
steam generator blowdown lines, at the turbine or nuclear annex building ventilation monitors,
at the stack monitor, in the steam generator liquid sample, and/or the steamline area and/or N-16
monitor.

b. Decreasing level in the volume control tank,

Ic. An unaccounted for increase in the charging and/or a decrease in the letdown system flowrates.

l

d. Relatively constant temperature and power indications prior to reactor trip or operator ;

intervention. )

1

Steam generator water level either remaining relatively constant (indicating a small rupture) or |c.
lincreasing slowly (indicating a large rupture) due to the primary to secondary leakage incurred.

f. Containment temperature and pressure remaining unchanged.

ADM Emergency Operations Guidelines Page 6-28
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l 1 Safety Functions AffectedO
The Steam Generator Tube Rupture accident directly affects two safety functions. One is RCS inventory
control. The second safety function affected is containment isolation since the reactor coolant boundary
has been broken and control of the spread of contamination is provided by secondary plant alignment and
isolation. All safety functions should be monitored to assure public safety.

The general goals related to controlling RCS inventory and radionuclide containment are met by
controlling leakage between the primary and secondary systems and, after isolating the leaking steam
generator, by avoiding opening the leaking steam generator's main steam safety valves. Primary to
secondary leakage is minimized by minimizing the pressure differential between the reactor coolant
system and the steam generators. The steam generator safety valves can be lifted in two ways. Adding
heat to the steam generator causes steam generator pressure to increase, which in turn causes the safety
valves to lift. A second way to lift steam generator safety valves is to have RCS leakage into the steam
generator with the RCS pressure greater than the steam generator safety valve setpoint. This second
process has a time delay built into it. The pressure drop across the steam generator tube rupture keeps
the steam generator from seeing high RCS pressure until the steam generator fills sufficiently to drive
steam generator pressure up. The optimum response to control RCS inventory and radionuclide
containment is to minimize RCS and steam generator pressure differential as soon as possible while
lowering RCS pressure below the steam generator safety valve setpoint and to control RCS temperature
to preclude lifting steam generator safety valves by heat transfer to the steam generators.

RCS inventory control is affected in the following manner. The rupture size determines when an
automatic reactor trip occurs. For example, the inventory loss out a double-ended tube rupture willp) exceed the total maximum charging flow into the RCS. Consequently, pressurizer level and pressure(
decrease and a reactor trip occurs. Pressure and level fall rapidly following the trip, usually emptying
the pressurizer and initiating an SIAS. If the pressurizer level decreases to less than [14.3%), all heaters
are deenergized due to low pressurizer level. RCS inventory loss is contrclied by minimizing the
differential pressure between the RCS and the steam generators. Inventory control for the SGTR is
dependent on RCS and steam generator pressure control.

Containment Isolation is the second safety function challenged by the SGTR. In addition to the loss of
reactor coolant caused by a Steam Generator Tube Rupture, fission products and activated corrosion
products normally suspended in the reactor coolant will be transferred from the primary to the secondary
plant. Steam plant vents and exhausts provide a potential path to the environment for the radioactive
products. The transfer of fission and activated corrosion products from the RCS to the affected steam
generator will result in increased levels of activity in the steam gexrator liquid sample. A high radiation
alarm could occur in the steam generator blowdown monitoring system. Activated products (mostly noble
gases and nitrogen-16) will be carried into the steam plant by the main steam flow. The N-16 monitors
on the steamlines may alarm if the power level is above about 25%. The non-condensible gases may
eventually be exhausted to the environment by way of the stack via the condenser vacuum pump exhaust
and may alarm the radiation monitoring system. As a result of gases being emitted and the build-up of
activity in the affected steam generator, general area radiation levels in the turbine and possibly the
Nuclear Annex Building will increase and may cause area radiation monitors to alarm. Ventilation exhaust
and stack monitors may also alarm. For double ended tube ruptures at powers above 25%, the expected
order of alarms is: steamline monitors, vacuum pump discharge, blowdown, ventilation and stack
monitors. For small tube leaks, the first indication may be a high activity leul in the steam generator

(v) hqmd sample.
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In this SGTR recovery guideline, containment isolation is accomplished in several stages. A step is
provided which cools the RCS so that once the damaged steam generator is isolated, the RCS cannot
transfer enough heat into it to cause its safety valves to open. The steps to detect and isolate the damaged
steam generator are provided. The actions provided to control RCS inventory and RCS pressure
minimize the release of radioactivity through the steam generator safety valves.

Trending of Key Parameters

Reactor Power (Figure 6-6)

In response to a steam generctor tube rupture, reactor power initially remains constant. Ruptures
exceeding the capacity of the available charging pump will result in a reactor trip on DNBR in a time
dependent upon the size of the rupture.

RCS Temperature (Figure 6-7)

The RCS temperatures remain relatively constant until the reactor trips. Following the reactor trip, the
RCS hot and cold leg temperatures will decrease to approximately the HOT STANDBY values if reactor
coolant pumps are running. If all reactor coolant pumps are stopped, RCS temperatures are expected to
stabilize near hot zero power values with hot leg temperature less than fifty degrees greater than cold leg
temperature in the loop or loops with natural circulation flow established.

Pressurizer Pressure (Figure 6-8)

Pressurizer pressure response is dependent on the severity of the tube rupture. For small ruptures the
pressure will remain relatively constant due to the ability of the PPCS to respond. For more extensive .

ruptures, a continual and sometimes rapid decrease in pressure will be seen, and without operator action
a DNBR reactor trip will occur. If pressure continues to fall and goes below the SIAS setpoint and
subsequently below the SI pump shut-off head, the SIS is expected to restore RCS pressure and inventory
control.

Pressurizer Level (Figure 6-9)

Pressurizer level will remain relatively constant for small ruptures due to the ability of the PLCS to make
up for inventory losses. For larger tube ruptures, a slowly decreasing level will be seen. If the ruptures
are large enough to cause the level to fall below the heater cutout setpoint, the subsequent pressure
decrease will cause an SIAS and inventory control is expected to be restored.

Reactor Vessel Level (Figure 6-10)

For tube ruptures which are small enough so that the PPCS and PLCS can make up the pressure and
inventory decreases, no RVUH voiding is expected. The loss of primary coolant for a double-ended
rupture of one tube will result in constantly decreasing pressure and level. Voids will form in the RVUH
if the RCS pressure reaches the saturation pressure of the hottest RCS temperature. The void is not
expected to drop below the RCS hot leg however, due to inventory replacement via the SIS.

Steam Generator Pressure (Figure 6-11)

O
Steam generator pressure remains relatively constant until reactor trip. The reactor trip causes a turbine
trip, and the reactor trip initially causes a slight dip in S/G pressure, followed by a rapid rise in steam

ADM . Emergency operosions Gwdehnes Page 6 30
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generator pressure due to the reduced steam demand. The steam bypass system automatically actuates4

to contrcl main steam pressure. The pressure is eventually reduced to the HOT STANDBY value (which
is higher than operating steam generator pressure at full power).

-'

;

Steam Generator Imel (Figure 6-12)

Following the reactor trip, the level in both steam generators will shrink to the usual post trip level. .
#

Steam generator water level will be relatively unaffected for small ruptures. Large ruptures usually cause !

a slow increase in level in the affected steam generator if level control is in the manual mode. Otherwise .
'

S/G level will remain relatively unchanged. In general, level experiences a sharp decrease following the
reactor trip and turbine trip, followed by a steady increase due to the rupture and feedwater control .

'

system until the hot zero power level is reached. If the rupture is large enough, especially after the
affected steam generator has been isolated, level may increase enough in the affected steam generator to
fill the steam generator uniess appropriate actions are taken. .
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TO BE DEVELOPED DURING DETAILED ENGINEERING

O
1

!

|
|

Representative SGTR Event Characteristics Reactor Power Figure 6-6

|
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Representative SGTR Event Characteristics; RCS Narrow Range Figure 6-7
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TO BE DEVELOPED DURING DETAILED ENGINEERING

O

Representctive SGTR Event Characteristics; Pressurizer Wide Range Mgure 6-8
m_e
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Representative SGTR Event Characteristics; Pressuriser Level Figure 6-9
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TO BE DEVELOPED DURING DETAILED ENGINEERING

O

,

)

Representative SGTR Event Characteristics; Collapsed Level Above Fuel Figure 6-10
Alignment Plate

,
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Repneentative SGTR Event Characteristics; Arrected Steam Generator Figure 6-11
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TO BE DEVELOPED DURING DETAILED ENGINEERING
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Representative SGTR Event Characteristics; Affected Steam Generator Figure 6-12 ,

Wide Range Level i
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Guideline Strategy and Information Flow

Figure 6-13 provides the reader with a summary description of the SGTR Recovery Guideline strategy
and information flow.

If a SGTR is initiated from MODE 1 or MODE 2, the operator performs the Standard Post Trip Actions
and diagnoses the event prior to entering the SGTR Recovery Guideline. However, if the event is
initiated from MODE 3 or MODE 4, the operator is not directed to the Standard Post Trip Actions since
they may not apply. Instead, the operator ensures that the SGTR is properly diagnosed and that the
specified entry conditions are met prior to entering the SGTR Recovery Guideline.

,

The first steps of this guideline require a verification that these actions have been performed and require
the operator to use the SGTR Safety Function Status Check to confirm that the plant is recovering. The
next steps can be broken into four major recovery actions. The four major recovery actions carry the
plant to Shutdown Cooling System (SCS) entry conditions. The first major action consists of cooling the
RCS using both SGs until the RCS Tu is lower than [547'F]. This initial cooldown is done prior to
isolating the affected SG. This action reduces the risk of challenging the steam generator safety valves
of the affected SG after it is isolated. The second major action consists of detecting and isolating the
affected SG. This terminates further uncontrolled radioactive releases from the affected SG. In the third
major action, the RCS pressure is reduced and then maintained approximately equal to or within 50 psi :

'

above the isolated SG pressure. This action allows the operator more control ofleak flow from the RCS
to the SG through the break. The fourth major action consists of cooling the plant, using either forced
circulation or natural circulation in the RCS, to SCS entry conditions. This cooldown is performed using
the unisolated SG. The isolated SG should also be cooled and depressurized along with the RCS.

A more detailed flow chart illustrates the SGTR Recovery Guideline strategy and lists all guideline steps.

Refer to Figure 6-17.

i

)

{ ,

\

ADht Emergency operesions GaMehrnes page s.39 ;

,



System 80+ D sign C*ntrolDocument

INITIATED FROM INITIATED FROM

MODE 1 OR MODE 2 MODE 3 OR MODE 4

STANDARD POST TRIP OtAGNOSE LOCA
ACTIONS PERFORMED

SPECIFIED ENTRY

DIAGNOSE LOCA CONDITIONS ARE MET

.

SPTAs AND DLAGNOSTIC AIDS
~

SGTR ORGq y

YES SGTR DIAGNOSIS NO
CONFIRMED 7

1 P

IMPLEMENT
APPROPRIATE ORG OR1P

FRG

'

SGTR SAFETY
YES *

FUNCTION STATUS
CHECK SATISFIED 7

1 P

COOLDOWN ROS T. HOT TO REDUCE S/G PRESSURE
BELOW S/G SAFETY SETPOINT

1P

DETECT AND ISOLATE LEAKING S/G

1 P

INSTRUCTlONS ON RCP RESTART SIS
TERMINATION / RESTART. VOIDS, NC, ISOLATED S/G

LEVEL CONTROL

1 P

MINIMtZE LEAK FLOW BY MAINTAINING RCS PRESSURE
,

WITHtN +50 0 PSID OF AFFE':TED S/G PRESSURE |

I

+
'

1

V

'

Steam Generator Tube Rupture Guideline Howchart Figure 6-13a
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Bases for SGTR Operator Actions h
The operator actions are directed at recovering the plant from the SGTR, and placing it in a safe, stable
condition. Actions are taken to emure that a proper heat sink for the reactor is being maintained, and

that radiation releases are minimized.

* 1. The diagnosis of a Steam Generator Tube Rupture should be confirmed using the Break
Identification Chart (Figure 6-2) and by comparing control board parameters to the acceptance
criteria in the Safety Function Status Check to ensure that all safety functions are being satisfied.
In particular, the operator should note the status of RCS st%ooling and containment and steam
plant activity. These parameters provide a means of 6 criminating between SGTRs and
LOCAs/ESDEs. For a SGTR, steam plant activity monitors may be alarming but containment
activity monkors should not be alarming. For LOCAs, the RCS reaches saturation conditions
and containment activity monitors may be alarming, but steam plant activity monitors should not
be alarming. For ESDEs, neither steam plant nor containment activity monitors should be
alarming. ESDEs which occur in plants which exhibit SG tube leakage may result in increases
in steam plant or containment activity. Sampling both steam generators for activity will assist
in confirming the diagnosis of a SGTR. These actions ensure that the proper guideline is being
used to mitigate the effects of a SGTR.

If the initial diagnosis of a SGTR is confirmed, then the operator should continue with the actions
of this guideline. However, if the initial diagnosis of a SGTR is not confirmed, and the operator
determines that an ESDE or LOCA has occurred, then the SGTR ORG should be exited and the

proper procedure should be implemented. This step allows the operator to switch to the proper
procedure for those events which may have occurred having similar symptoms to a SGTR
(LOCA ESDE). If a diagnosis of one event cannot be made, then the Functional Recovery
Guideline (FRG) should be implemented. The FRG is safety function based and will ensure that
all safety functions are addressed regardless of what event (s) is occurring.

* 2. If the Steam Generator Tube Rupture is large enough to decrease pressurizer pressure to or below
the SIAS setpoint of [1825 psia), then SIAS should be initiated automatically. If this does not
occur, then the operator should manually initiate SIAS.

;
1

!

l

|
|

O
I
|
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(#n) * 3. A SGTR may result in actuation of the safety injection system. If SIAS is actuated, then the
available charging pump and SIS pumps should be operating and injecting water into the RCS.
The SIS flowrate will vary according to pressurizer pressure. The SIS and charging flowrates
should be checked and maximized (Figure 6-3 provides information which can be utilized to
verify adequate SIS flow is occurring) for RCS inventory replenishment and/or core heat
removal. The charging pump may have to be manually restarted if an interruption of electrical
power to the charging pump bus (es) has occurred. The following guidance will assist in ensuring
maximum injection of water into the RCS:

idle SIS pumps should be started and system flow should be verified to be within thea.

limits of Figure 6-3, unless Si termination criteria have been met,

b. idle charging pump should be started.

If any SIS pump that should be operating won't start, no charging pump will start, or SIS flow
is not in accordance with Figure 6-3, then the following guidance is provided:

the operator should verify that electrical power is available to valves and pumpsa.

necessary for inventory control,

b. the SIS valve lineup should be verified correct from control board indications,

c. auxiliary systems recessary for SIS or charging operation should be checked. .

U,. It must be noted, however, that the maximization of charging and safety injection can result m )

excess RCS inventory, possible filling of the pressurizer to a solid condition, and a PTS concern
upon RCS heat up, fluid expansion, and subsequent RCS pressure excursion. Operators must be
aware of these concerns and terminate or throttle SIS pumps when the criteria are met.

* 4. Steps 4 and 5 contain guidance regarding the RCP operating strategy for a SGTR (Figure 6-14).
A generic RCP trip strategy has been developed which results in the tripping of all four RCPs
for depressurization events where RCS is not subcooled, but allows the continued operation of
two RCPs (in opposite loops) for depressurization events where RCS is subcooled. For
undiagnosed events, where the Functional Recovery Guideline is implemented, the RCP trip
strategy is identical to that followed in the LOCA guideline. Steps 4 and 5 detail the two
significant operational aspects regarding the RCP trip strategy for a SGTR.

The first operational strategy results in the operator tripping two RCPs (in opposite loops) if
pressurizer pressure decreases to less than [1400 psia] following a SIAS and RCS is subcooled.
This action may occur in the Standard Post Trip Actions and, in this case, the operator would
simply verify that two RCPs (in opposite loops) have been tripped. The operator trips all four

'

RCPs if pressurizer pressure decreases to less than [1400 psia] following a SIAS and RCS is not
subcooled. If the operator cannot confirm that a SGTR has occurred, and the Functional
Recovery Guideline is implemented, the RCP trip strategy is identical to that followed in the
LOCA guideline. If the depressurization event can be diagnosed and is determined to be other
than a LOCA (i.e., ESDE or SGTR), then only two RCPs (in opposite loops) are tripped. The
other two RCPs remain operational until one or more of the RCP operating requirements (e.g.,

A

ADAt * Emergency Operations GuideAines Page 6-45

.- - _ _ _ _ - _ _ _



_

System 80+ Design ControlDocument

NPSH, temperatures, seal flow, oil pressures, motor amperage, vibration) are not longer
satisfied, then, any pump which does not satisfy these requirements should be tripped. This gives
the operator maximum flexibility in plant control because a normal plant cooldown can be
performed while still ensuring a conservative approach to event recovery.

* 5. The second aspect of the RCP operating strategy concerns the verification that RCP operating
limits are satisfied. The RCPs will be operating in a pressure-reduced RCS and may not satisfy
NPSH requirements. The operator must continuously monitor RCP operating limits (e.g.,
temperatures, seal flow, oil pressures, NPSH, motor amperage, vibration) and trip any RCPs
which do not satisfy RCP operating limits. Plant specific RCP operating limits appear in the
operating instructions.

6. The goal of this step is to verify that the RCS hot leg temperature has been decreased to less than
[547'F] prior to isolating the affected SG in order to prevent lifting main steam safety valves in
the affected SG. Under natural circulation flow conditions, Tu will increase approximately
[15'F] as the core AT increases as a result of the change from two loop to one loop heat
removal. The temperature in the isolated SG will be essentially Tu ince it is no longer beings

used as a heat sink. The first bank MSSVs open at [1200 psia] which corresponds to a saturation

temperature of [567'F]. Allowing a [5'F] margin and accounting for a [15'F] rise in Tu results
in a value of [547'F] for isolating the affected SG. For forced flow conditions, the increase in
Tu t the time the SG is isolated is negligible (l'F). Thus, this strategy will cover both forceda
and natural circulation conditions. If RCS hot leg temperature is not less than [547*F] the
operator will manually cooldown the RCS. This action should be performed preferentially by
feeding the steam generators with main, startup or emergency feedwater and dumping steam to
the condenser via manual control of the Steam Bypass System. If the condenser or Steam Bypass
System is not available, the next order of priority for discharging steam would be to use the
steam generator blowdown system with discharge to the ondenser, followed by use of the
atmospheric dump valves. It is less desirable to use the atmospheric dump valves to cooldown
the RCS because of the release of activity to the environment.

This step is presented before the leaking steam generator has been identified and isolated. This
step is most easily accomplished when RCPs are operating and when one or more steam
generators are providing cooling. If all RCPs have been tripped and natural circulation is the i

'

heat removal process, then it is necessary to cooldown both steam generators to provide uniform
RCS cooling. Therefore, if forced circulation is available, this step can be done in parallel with
steps 8 and 9, detecting and isolating the affected steam generator. If forced circulation is not
available, this step should be done in parallel with step 8, but completed before going on to step
9.

Natural circulation cooldown of the RCS is not an effective method for cooling the RV head
,

region. If natural circulation cooling provides the reduction of Tu to less thtn [547'F], heat '

transfer to the steam generator from the RCS loops will not cause lifting of the secondary safety
valves. However, the energy stored in the RV head region and pressurizer has to be dealt with
to bring RCS pressure close to steam generator pressure to minimize leakage into the steam
generator and to preclude steam generator safety valve opening due to filling the steam generator
with high RCS pressure. Controlling RCS pressure with the pressurizer and with an uncooled (
RV head region is addressed in a later step. !

ADM Emergency Operations GuideGnes Page 6-46



_. __ . . . . _ _ _ _ _ __ _. _ _ - _ _ _ ._ _ __ _ _

System 80+ Design ControlDocument
,

|
1

/
( 7. Steam generator levels are to be maintained in the normal band using main, startup or emergency ;

feedwater. This ensures that an adequate heat sink for removing heat from the RCS is available
while steaming both SGs.' .

;

8. The steam generator with the tube rupture should be determined by performing the following
steps. These steps include:

1

a. Sampling the steam generators for activity, 1

b.~ Monitoring the main stean piping for activity using the steam pipe area monitors and the .

: steam pipe nitrogen-16 monitors, !

c. Monitoring steam generator levels, J
1

9. The steam generator with higher activity, higher radiation levels, or increasing water level should
be isolated. Reducing RCS temperature to below the saturation temperature associated with the i

; lowest pressure setpoint of the steam generator safety valves is one of the actions necessary to
,

prevent opening a direct path to the environment for radionuclides after steam generator isolation.
Steam generator isolation is an attempt to re-establish the containment isolation safety function.
To maintain SG pressure below the MSSV setpoint, manual operation of the ADV is used.

! Should the pressure in an isolated steam generator approach the lift.setpoint for the associated ,

MSSVs, it is desirable from the perspective of positive operator control that the ADV open first.
This is accomplished by manually opening the ADV at [1150 psia) increasing, or locally opening .

the ADV at [1150 psia). The value of [1150 psia] was chosen based on the MSSV setpoint of,

[1200 psia] minus an operating margin of [50 psi]. To minimize the unmonitored release of4 ,

radioactivity, use of the atmospheric steam dump valves on the affected steam generator should ',
1- be minimized. If both steam generators have tube ruptures, then the operators must determine

which generator is most affected and isolate that generr. tor. |

The most affected steam generator is isolated as follows:

i a. The main steam isolation valve is closed.

j b. The main steam isolation valve bypass valve is verified closcsi, or closed.

c. The atmospheric steam dump valve is verified closed or closed.

d. The main feedwater isolation valve is closed.

F ' e. The emergency feedwater isolation valves are closed, including the steam driven pump
steam supply valve associated with the steam generator being isolated.

.

f. Steam generator blowdown is isolated.4

g. Vents, drains, exhausts, and bleedoffs from the steam system are isolated. The crosstie
to the auxiliary steam header is isolated. This completes the isolation of the radionuclides
still in the secondary system to prevent further releases to the environment.

- O
,
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10. Once the steam generator has been isolated, isolation of the correct (most affected) steam
generator should be verified by checking radiation indications, sampling for activity, and noting
any possible increase in the isolated steam generator level. This provides feedback that the
correct steam generator has been isolated. If the wrong steam generator has been isolated then
it should be unisolated and the most affected steam generator should be isolated per step 9.

*11. To prevent the MSSV opening, which would create a release path from the RCS to the
environment, the isolated steam generator pressure must be maintained below the MSSV setpoint.
To maintain SG pressure below the MSSV setpoint, manual operation of the ADV is used.
Should the pressuie in an isolated steam generator approach the lift setpoint for the associated
MSSVs, it is desirable from the perspective of positive operator control that the ADV open first.
This is accomplished by manually opening the ADV at [1150 psia) increasing, or locally opening
the ADV at [1150 psia]. The value of [1150 psia] was chosen based on the MSSV setpoint of
[1200 psia] minus an operating margin of [50 psi]. The intent of the step is explicitly stated in
the step so t: tat the operator understands the goals of the step and to minimize the use of the
atmospheric steam dump valves on the affected steam generator which would create an
unmonitored release of radioactivity.

*12. The general goals associated with RCS pressure control are: providing subcooling to support the
core heat removal process, avoiding overpressure situations for PTS and RTNDT considerations,
minimizing the pressure differential between the steam generator and the RCS to minimize the
leakage, and controlling RCS pressure so that it is below the steam generator safety valve
serpoints. This step addresses steam generator to RCS pressure differential and RCS
depressurization to below the SG safety valve setpoint.

Maintaining the RCS pressure approximately equal to but above the isolated steam generator
pressure (-0, +50 psi) and below the steam generator safety valve setpoint [1200 psia), will
minimize the loss of primary fluid to the secondary side and the possibility of overfilling the
isolated SG. This is accomplished by either using main spray (the preferred method), auxiliary
spray, operation of reactor coolant gas vent system (RCGVS) on the pressurizer, operation of
charging and letdown, or throttling of the SI pumps. This action will minimize the potential for
release of radiation to the environment by minimizing RCS to steam generator leakage.

Maintaining RCS pressure approximately equal to SG pressure (-0, +50 psi) prevents backflow
from the secondary system to the primary system while minimizing primary to secondary leakage.

A key point in the strategy for the SGTR event involves maintaining or restoring forced
circulation. Ilowever, maintaining subcooling and adequate NPSH for RCP operation may cause
the operator to hold RCS pressure above secondary pressure by the amount needed to provide
adequate subcooling. This requirement takes precedence over the procedural strategy of bringing
primary pressure to the point where it will be approximately equal to secondary pressure.

During the forced circulation cooldown process the lower region of the isolated steam generator
may cool faster than the upper region (see Figure 6-15). The cooling of the isolated SG steam
space will significantly lag in the cooldown and cause the fluid in the lower regions to be
subcooled. If the tube rupture is located in this subcooled region, then the primary fluid can be
at the same pressura as the secondary f5id and still be subcooled. Ilowever the continued
depressurization of the primary during the cooldown will now be limited by the ability to
depressurize the isolated SG (Step 28 provides guidance on isolated SG depressurization).
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i During natural circulation cooldown conditions the isolated steam generator will take considerably
longer to cool unless there is a transfer of mass in the isolated SG. This complicates RCS

| pressure control during the cooldown. It is desirable to cool the RCS such that the tube bundle |

j region of the affected SG remains subcooled. Voiding in the tube bundle region can be expected

f arvi may result in the region becoming a pressurizing source for the RCS (Step 34 provides
guidance on void detection and elimination). Maintaining the presence of subcooled liquid in theq

affected loop will be a complicated process under natural circulation conditions. Forced,

circulation conditions are much more desirable and if possible should be maintained or restored.

| During natural circulation conditions the cooldown and depressurization of the RCS will be
limited to the operator's ability to control the conditions of the isolated steam generator.

,.

' ' .3. - Maintaining RCS pressure within the acceptable limits of Figure 61 helps to ensure the core is !

] covered by subcooled fluid and minimizes the concern for pressurized thermal shock by keeping

; plant pressure below the [200*F] subcooling limit. This is accomplished by controlling RCS heat ,

removal via the unisolated steam generator, and controlling RCS pressure as discussed in Step
12.

If subcooling or the cooldown limits of Figure 6-1 are being violated, then the operators should
take actions to restore the RCS to within the P-T limits. Depending on the situation, the operator

,

should perform the following actions as appropriate:

a. Stop the cooldown. )!
.

,

! I
b. Operate Reactor Coolant Gas Vent System or the main or auxiliary spray as necessary'

to restore pressurizer pressure to within the P-T limits of Figure 6-1.
4

c. Attempt to maintain the plant in a stable pressure-temperature configuration. The
; cooldown may be continued, if desired, within the limits of Figure 6-1,
i

d. If an overpressure situation exists and is caused by SI and/or charging flow, then throttle'-

or stop SI (refer to step 15) or charging pumps and manually control letdown to restore
and maintain pressure within the Post Accident P-T limits of Figure 6-1.

*

.
*14. The potential exists for filling of the isolated steam generator steam space and the main steam

piping up to the MSIV. This action could result in the inadvenent opening of the MSSVs and ;

an undesirable spread of contamination and the potential for main steam piping support snubber |

t -damage. ]

Draining to the radioactive liquid waste system or blowdown to the condenser will reduce level |

and minimize the spread of contamination and the possibility of piping support snubber damage
although the piping up to the MSIVs is designed for static liquid water. If the generator draining
is not feasible or is insufficient, then steaming the generator to the condenser will reduce level
and minimize radioactivity release. Water hammer damage should be avoided by not reopening>

' the affected MSIV while a significant amount of water is in the main steam piping. Draining to .

the radioactive wasic system or blowing down to the condenser or reducing RCS pressure below |
the isolated steam generator pressure can lower steam generator level. The off-site dose j

coordinator should assess the radioactive releases to the environment. The value of [95%)'was . ;
, '

chosen to prevent overfilling the steam generator by ensuring the level remains in the indicated
- range. The value of [40%) was chosen to ensure all tubes remain covered, which minimizes the
potential of radioactive fission products reaching the steam generator steam space.

;
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*15. If the SI pumps are operating, then they must continue to operate at full capacity until SI |

termination criteria are met. Termination of SI should be sequenced by stopping one pump at 1

~ a time while observing the termination criteria. Throttling of SI flow is also permissible if all
! of the following SI termination criteria are satisfied:

1

: a. RCS is subcooled based on representative CET temperature (Figure 6-1). Establishing
!, subcooling ensures the fluid surrounding the core is subcooled, and provides sufficient

margin for re-establishing flow should the subcooling deteriorate when SI flow is*

isecured. Voids may exist in some parts of the RCS (e.g., reactor vessel head, as
determmed by the HJTC RVLMS), but these are permissible as long as core heat removal

,'
is maintained. ,

I b. Pressurizer level is greater than [14.3 %) and not decreasing. A pressurizer level greater
than [14.3%) and not decreasing, in conjunction with criterion a) above, is an indication
that RCS inventory control has been established. This level also ensures the heaters are i

~

covered. ;

,

c. The unisolated steam generator is available for removing heat from the RCS. A steam

i generator having the ability for feed flow and steam flow is available for removing heat
from the RCS.'

d. The HJTC RVLMS indicates a minimum level at the top of the hot leg nozzles. This
provides an extra margin of core coverage and, taken in conjunction with the above, -

serves as an additional indication that adequate RCS inventory control has beenO established.
,

If all of the SI termination criteria are met, then the operator may either stop or throttle the SI
.

pumps. The operator may decide to throttle, rather than terminate the flow, if the SI is to be
, ,

. used to control pressurizer level or plant pressure. A general assessment of the SI performance i4

can be made from the control room. The operator should confirm that at least one train and
preferably both trains of SI are operating and that system delivery rate is consistent with RCS
pressure as shown in Figures 6-17 and 6-18. Injection flow rates to each Direct Vessel Injection
(DVI) nozzle should be approximately equal. Departures from this would indicate a closed or
misaligned flow path or some system leakage in addition to the SGTR.

,

*16. If the criteria of step 15 cannot be maintained after SI pumps are throttled or stopped, then the
appropriate SIS pumps should be restarted (if necessary) and full SI flow restored.

* 17. Pressurizer level should be restored and maintained at [2% to 78%) by control of charging and -

letdown (preferentially) as necessary, and SI pumps. If SI termination criteria are met, then SI
pumps may be throttled or stopped. When pressurizer level is being controlled at [2%) or
greater, then the charging pump may be operated as necessary. A pressurizer level of [2% to
78%) should be restored and maintained to avoid losing pressure control with a saturated bubble
in the pressurizer. The top of the pressurizer heaters is at [14.3%). If pressurizer level drops

: below the heaters, pressurizer heater operation will be interlocked off for heater protection. It
may be necessary to exceed [78%] pressurizer level if the operator is attempting to restore RCS
subcooling since pressurizer heaters may be unavailable and solid water operation may be

O necessary to restore subcooling. The value of [2 %) was chosen based on preventing the operator
d from draining the pressurizer. The value of [78%) is based on the operator maintaining an

operable bubble in the pressurizer.,
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*18. If all RCP operation is tenninated and inventory and pressure are controlled, then natural
circulation is monitored by heat removal via at least one steam generator. Natural circulation
flow should occur within 5-15 minutes after the RCPs are tripped. Natural circulation heat
removal is illustrated in Figure 6-16.

Natural circulation is governed by decay heat, component elevations, primary to secondary heat
transfer, loop flow resistance, and voiding. Component elevations are such that satisfactory
natural circulation decay heat removal is obtained by fluid density differences between the core
region and the steam generator tubes.

The operator has adequate instrumentation to monitor natural circulation for the single phase
liquid natural circulation process. The RCS temperature instrumentation, narnely loop AT, can
be used along with other information to confirm that the single phase natural circulation process
is effective. The natural circulation process involving two phase cooling is complex and varied
enough so that RCS loop AT may not be a meaningful indication of adequate natural circulation
cooling. The guidelines are written to alert the operator to use explicit acceptance criteria for
natural circulation only when RCS inventory and pressure are controlled.

The RCS temperature response during natural circulation will usually be slow 5-15 minutes as
compared to a normal forced flow system response time of 6-12 seconds, since the coolant loop
cycle time v,ill be significantly longer.

When single phase circulation is established in at least one loop, the RCS indicates all of the
following conditions:

a. Loop AT (Tu - T ) less than normal full power AT,c

b. Hot and cold leg temperatures constant or decreasing,

c. RCS is subcooled based on representative CET temperature,

d. No abnormal differences between Tn RTDs and core exit thermocouples. Hot leg RTD
temperature should be consistent with the core exit thermocouples. Adequate natural
circulation flow ensures that core exit thermocouple temperatures will be approximately
equal to the hot leg RTD temperatures within the bounds of the instrument's inaccuracies.
An abnormal difference between Tu and the CETs could be any difference greater than

[10* F].

If the criteria listed in step 18 are not satisfied, then the contingency actions must be addressed.
Single phase natural circulation in the RCS is not effectively transferring heat from the core to
the steam generators. Both RCS Heat Removal and Core Heat Removal Safety Functions may
become jeopardized if the natural circulation flow criteria continue to be violated. Operators
should ensure that RCS pressure and inventory, and SG steaming and feeding, are being
controlled properly in order to prevent violation of a safety function.

*19. Plant conditions should be carefully assessed before any RCPs are restarted. The need for forced
circulation operation should be balanced against the risk of damage to the RCP seals.

O
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The need for operation of the RCPs should be' evaluated based on: ;:

f 1. the adequacy'of the RCS and core heat removal under the existing natural circulation !
conditions,_ ,

.
>

I 2. the existing RCS pressure and temperatures,
-

,

3 3. . the need for main pressurizer spray capability. j

If the existing natural circulation is providing satisfactory RCS and c! ore heat removal, a transfer
i ~ to forced circulation operation may not be necessary. This would be particularly true if the RCS .j

had already been cooled and depressurized to SCS entry conditions.' If the RCS pressure and-

1- temperatures are closer to HOT STANDBY conditions, it may be desirable to restart the RCPs !

-in order to allow a normal forced circulation cooldown. Cc,nsideration should also be given to
the necessity of having main pressurizer spray capability if auxiliary spray is not providing the j

;
'

desired depressurization rate.*

The' potential for RCP seal degradation should be evaluated based on:
3

|

| 1. how long CCW to the RCPs was interrupted,
i

_

.

2. RCP seal staging pressures and temperatures.

The possibility for seal degradation increases if the CCW has been interrupted. The seal staging.

j pressures provide an indication of degraded seal stages (a low pressure drop across a stage
"

indicates a problem). Restart of an RCP with one or more degraded seal stages should be
avoided if possible.,

*20. ~ If all RCPs have been stopped, then operation of two RCPs (in opposite loops) should be
attempted if RCP restart criteria are met. This will ensure continued forced circulation of coolant
through the core, cooling of the RV head region, provide the capability for the normal mode of j

pressurizer spray, condense RCS steam voids, and remove non-condensible gases from the SG {,

tube bundle. Furthermore, this action enhances the strategy to obtain an uncomplicated
~

*

i cooldown. since a forced circulation cooldown is preferred to a natural circulation cooldown
whenever possible during recovery from a SGTR. Only one reactor coolant pump in each loop j

'

i should be operated to minimize heat input to the RCS,

Determine whether RCP restart criteria are met by the following:'

: i

a. Electrical power available to the RCP(s). ,,

j '

' ' b. RCP auxiliaries ([in particular, Component Cooling Water]) to maintain seal cooling, ,

bearing and motor cooling should be operating in order to prevent damage to the pump
and/or motor, [ Note: Following automatic or operator initiated containment isolation,
reinstatement of one of the following means of RCS seal cooling ([CCW), [CVCS seal
injection (SI)], [ Dedicated Seal Injection System (DSIS)], should be considered to ensure.

adequate RCP cooling]. There should be no high temperature alarms on the RCPs to be ~
operated.
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The unisolated steam generator is available for removing heat from the RCS. A steamc.
generator having the ability for feed flow and steam flow is available for ramoving heat
from the RCS.

d. Pressurizer level is greater than [33 %) and not decreasing. With pressurizer level above
[33 %) the possibility of draining the pressurizer due to loop shrinkage and/or steam void
condensation is minimized and there is a greater likelihood of keeping the pressurizer
heaters covered. This will assist in maintaining positive RCS pressure control. The
criterion of pressurizer level not decreasing implies that RCS inventory control has been
established. The value of [33%] was determined by assuming a void in the RCS equal
to one-half the volume of the reactor vessel head and determining the volume required
in the pressurizer to compensate for that void collapse with draining the pressurizer (i.e.,

level > [2%)).

RCS is subcooled based on representative CET temperature. A subcooled condition ine.
RCS taken in conjunction with d) above indicates that adequate inventory control has
been established.

f. All plant specific RCP operating criteria are satisfied before the RCPs are restarted to
prevent damage to RCPs resulting from abnormal opera:ing conditions.

g. Condensate that flows to the core on the cold side is depleted in boron and may collect
in the RCP loop seals and cold leg. The RCPs should not be started until after single
phase natural circulation has slowly moved this boron depleted coolant through the core.
Twenty minutes of single phase natural circulation is considered adequate circulation and
mixing time.

*21. Upon restarting two RCPs in opposite loops, pressurizer level and pressure may decrease due to
loop shrinkage and/or steam void condensation. it is possible that this action will drain the
pressurizer. Steam voids present in the reactor vessel will condense upon restarting RCPs. The
IUTC RVLMS should be monitored for the trending of reactor vessel liquid level. This trending
information may be correlated to pressurizer level decrease. RCP operation with a drained
pressurizer may continue provided certain actions are taken and certain criteria are satisfied.

The following constitute the actions to be taken and the criteria to be satisfied when restarting
RCPs:

a. Start one RCP in the unaffected loop.

b. Ensure proper RCP operation by monitoring RCP amperage and pump NPSH. NPSH
is determined by pressurizer pressure and corresponding Tc on Figure 6-1

Operate charging (and SI) pumps to maintain pressurizer level greater than [14.3%) andc.
until SI termination criteria are met (refer to step 15). The value [14.3%] ensures the
heaters remain covered.

d. Start one RCP in the affected loop.

O
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(") 22. The RCS is sampled for activity and boron concentration and is borated to achieve the required
shutdown margin (including the mass in the pressurizer) per Technical Specifications. The
sample identifies whether reactor coolant dilution has occurred and provides the necessary
information for borating to the required concentration. Activity samples will be used for dose
assessments and to satisfy reporting requirements.

23. An orderly cooldown to an RCS hot leg temperamre of :s; 400'F is performed, using forced or
natural circulation, in accordance with Technicrj Specifications. One of the following methods
should be utilized to reduce RCS temperature:

The preferred method for cooling the RCS is by discharging steam using the Steama.
Bypass System. This method can only be implemented if the condenser is available,

91

b. If the condenser or Steam Bypass System is not available, an RCS cooldown should be
performed by dumping steam using the atmospheric steam dump valve of the unisolated
steam generator.

The Steam Bypass System is preferred due to the unmonitored release of radioactivity to the
environment through the atmospheric dump valve.'

*24 The unisolated steam generator's level is to be maintained in the normal band using startup, main

()/ or emergency feedwater. This ensures that a heat sink is available for removing heat from the
C RCS.

l

25. During a controlled cooldown and depressurization, the automatic operation of certain safeguard
systems is undesirable. Therefore, the setpoints of MSIS and SIAS must be manually reset (
(lowered) as the cooldown progresses to ensure that automatic engineered safeguards protection
remains available until the RCS is cooled down and depressurized.

*26. The available emergency feedwater inventory should be continually monitored, and replenished )
from available sources as necessary to provide a source for a secondary heat sink. Examples of
alternate sources of emergency feedwater are nonseismic tanks, fire mains, lake water supplies,
potable tanks, etc. Plant specific alternate sources of feedwater should be identified and cited in
the procedure. The amount of emergency feedwater required to either maintain the plant at HOT
STANDBY conditions or during a cooldown may be determined from Figures 6-4 and 6-5.

*27. During certain SGTR events with a stuck open safety valve or atmospheric dump valve and with
RCS pressure remaining elevated for extended periods, it is possible that the IRWST could
eventually drain. While it is true that the FRG would be used by the operator to control this type
of event, it is possible that after an extended period of time in the FRG, the operator will be
successful in closing the valve which will allow the exiting of the FRG and implementation of
the SGTR procedure. If this occurs, the SGTR ORG could be implemented with the IRWST
inventory significantly reduced. Therefore, this action requires the operator to trend IRWST
level and prevent the draining of the IRWST by replenishment from available sources as |

g necessary. I

|i

()
'

IDM . Ememency operations Gundenines Page 6 55

|
_ - _ _ _ - _ _ _ _ _ _ - _ - -



System 80+ Design ControlDocument
_

28. It is important to understand why the isolated SG needs to be cooled. Although the unaffected
(or least affected) SG is being used to remove heat from the RCS, the isolated SG can still cause
problems which will affect RCS depressurization during the cooldown because it will remain at
a high temperature and pressure.

The pressure in an isolated SG will remain high during the cooldown due to thermal stratification
of the secondary water because without boiling and recirculation flows, the secondary side fluid
is not well mixed. This pressure is a concern as the SGTR strategy maintains RCS pressure
approximately equal to the isolated SG's pressure to minimize the tube leak flow. Therefore, the
isolated SG must be depressurized to further depressurize the RCS to SCS entry conditions.

The following methods are available for cooling and depressurizing the isolated steam generator.

Feed and bleed using startup, main or emergency feedwater and the blowdown system.a.
This is a slow method which transfers feedwater through the downcomer region and out

the blowdown line. Heat is transferred to the feedwater across the SG shroud from the
tube bundle region. The feed rate that can be maintained will determine the effectiveness
of this method. The feed rate, however, will be limited by tube leak rate in order to
prevent overfilling the SG. If the tube rupture results in a leak rate comparable to or
greater than the blowdown system's flow capacity, then this method would not be
effective.

O

O
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b. Short duration steaming of the isolated steam generator will rapidly depressurize the
steam generator. Less steaming will be required if the evaporator region has been cooled
by the operation of the RCPs. Steaming will result in radiological release to the
atmosphere if the ADVs are used. The activity released can be minimized by steaming
to the condenser, while maintaining SG water level above the top of the U-mbes.
Ilowever, both methods require the approval of the [ Emergency Coordinator] or the TSC
since both methods may increase offsite dose.

In addition to the isolated steam generator depressurization methods listed above, there are two
methods available which do not require operator action. One of these methods is simple ambient
cooling which will take approximately 10 to 15 hours or longer. If steam generator level control
can be maintained during this period, this may be the optimum method since no radiological
releases occur after the steam generator is isolated. The other method takes into account existing
small steam leaks (such as leakage past the MSIVs) which may depressurize the isolated steam
generator. Even the low " normal" leakage may be sufficient to cool and depressurize the isolated
steam generator. liowever, the operator should be aware that this may increase offsite doses.

*29. The condensate and all other connecting systems, including the turbine building sumps, should
be sampled for activity that may have been transferred from the affected steam generator (s).
These samples aid in determining the extent of contamination throughout the plant systems.

'30. The turbine and radwaste building ventilation systems' radiation monitors, and any other
applicable radiation monitors, should be continually observed. Corrective actions, if necessary,
should be taken in accordance with plant Technical Specification Limitations.

*31. If pressurizer pressure reaches [740 psia], the safety injection tanks (SITS) must be vented,
drained, or their discharge valves shut to prevent the nitrogen cover gas from being discharged
into the RCS when RCS pressure is reduced below the SIT's pressure during a controlled
cooldown. The max SIT pressure is [640 psia] and the value of [740 psia] is 100 psi greater than
the maximum SIT pressure.

*32. If the pressurizer pressure reaches [445 psia], the i>olation valves on the SITS may be closed to i

prevent unnecessary SIT discharge. Automatic override of an SIT isolation valve closure signal
occurs above [475 psia] to assure the SITS are available when needed. The value of [445 psia]
was chosen to ensure some margin below the automatic override setpoint.

*33. Low temperature overpressurization protection (LTOP) is instituted at T s; [259*F] to protecte

against subjecting the RCS pressure boundary to low temperature brittle fracture.

*34. The cooldown and depressurization should continue until shutdown cooling system entry
conditions are established.

pressurizer level control should be established and verified by a level greater than Ja.

[14.3%] and constant or increasing, I
|

b. RCS should be subcooled,

RCS pressure should be at or below the shutdown cooling system entry pressure of [450 |c.
psia),
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d. RCS hot leg temperature should be at or below the shutdown cooling system entry
temperature of [400'F],'

When these criteria are established, the SGTR ORG should be exited and SCS operation initiated
i

i per operating instructions.

If the RCS cannot be depressurized, then a void should be suspected. _ Any time it is found that
voiding inhibits RCS depressurization to SCS entry pressure, when SCS operation is desired, then
an attempt at elimination of the voiding should be made.

The operator should monitor for the presence of voids. Voiding in the RCS may bea.
indicated by any of the following indications, parameter changes, or trends: ;

- i. letdown flow greater than charging flow,

ii. pressurizer level increasing significantly greater than expected while operating
!pressurizer spray,

iii, the HJTC RVLMS indicates that voiding is present in the reactor vessel, j

iv. HJTC unheated thermocouple temperature indicates satura*ed conditions in the
3

reactor vessel upper head,
,

b. If voiding should be eliminated, then proceed as follows:j

\

i. Letdown is isolated or verified to be isolated to minimize further inventory loss,

ii. The depressurization is stopped to prevent further growth of the void,

iii. Pressurizing and depressurizing the RCS within the limits of Figure 6-1 may
condense the void. Pressurizing has the effect of filling the voided portion of the
RCS with cooler fluid which will remove heat from the region. Subsequent
depressurization and a repeating of this process several times will cool and
condense the steam void. In this case of a void in the reactor vessel, the
pressurization / depressurization cycle will preclude a fill and drain of the reactor
vessel.

The pressurization /depressurization cycle may be accomplished using pressurizer
heaters and spray (preferred method) or the SIS / charging system (alternative
method). Monitor pressurizer level and the HJTC RVLMS for trending of RCS
inventory. This will assist the operator in assessing the effectiveness of void
elimination.

c. If indications of unacceptable RCS voiding continue, then voiding may be caused by
non-condensible gases. Operate the Reactor Coolant Vent Gas System to clear trapped
non-condensible gases. Monitor pressurizer level and/or the HJTC RVLMS for trending
of RCS inventory. This will assist the operator in assessing the effectiveness of void

O - elimination.
.U

- ~ n.- ~ e u,
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d. If indications of unacceptable RCS voiding continue, and voiding is suspected to exist in
the (isolated) steam generator tubes, then cool the (isolated) steam generator (by steaming
or blowdown, and/or feeding) to condense the tube bundle void. This will be effective
for condensing steam voids but will not have an effect on non<ondensible gases trapped
in the tube bundle. A buildup of non-condensible gases in the tube bundles will not
hinder natural circulation even with a large number of the tubes blocked. This is due to
the small amount of heat transfer area required for the removal of decay heat. Monitor
pressurizer level for trending of RCS inventory. This will assist the operator in assessing
the effectiveness of void elimination.

When SCS entry conditions are established, the SGTR guideline should be exited and shutdown
cooling initiated per plant specific operating instructions. Consideration should be given to the
processing and handling of the contaminated steam generator (s) secondary side fluid. If
significant voiding is present in the isolated loop, the SCS should be aligned to the subcooled
loop. This activity places the plant in an operational mode where a complete cooldown and
depressurization of the plant can take place.

Safety Function Status Check

The Safety Function Status Check (SFSC) is used to continually verify the status of safety functions. The
safety function acceptance criteria are selected from best estimate analysis to reflect the range for each
parameter which would be expected following a Steam Generator Tube Rupture Event. If all SFSC
acceptance criteria are being satisfied, then the adequacy of this guideline for mitigating the event in
progress is confirmed and the health and safety of the public is ensured.

O
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SAFETY FUNCTION STATUS CHECK BASES
STEAM GENERATOR TUBE RUPTURE

The safety functions and their respective acceptance criteria listed below are those used to confirm the
adequacy of the SGTR Guideline in mitigating the event.

Safety Function Acceptance Cdteria Bases

1. Reactivity Control a. Reactor Power For all emergency events, the
Decreasing reactor must be shutdown.

Reactor power decreasing, in
agi conjunction with negative

startup rate, is a positive
b. Negative Startup Rate indication that reactivity control

is established. The criterion
and that no more than one CEA not

be fully inserted or the RCS
c. Maximum of I CEA borated observes typical

not fully inserted Technical Specification
requirements.

9L

RCS is borated per
Tech Specs.

2. Maintenance of Vital a. All vital Division i One Safety Division is required

Auxiliaries (AC and [4.16 kV AC), [125 V to power equipment necessary
DC power) DC), and [120 V AC] to maintain control of all other

Distribution Centers safety functions. One DC
energized, Division is required as a

minimum to provide monitoring
9r and limited control of the other

safety functions.
All vital Division 11
[4.16 kV AC], [125 V
DC], and [120 V AC]

"

Distribution Centers
- energized.

|

l
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SAFETY FUNCTION STATUS CHECK BASES
STEAM GENERATOR TUBE RUPTURE (Continued)

Safety Function Acceptance Criteria Bases

If pressurizer level is A value of [2%] of range, was3. RCS Inventory Control a.

[2% to 78%), ths): chosen as the lower limit to
ensure that at least some water

i) charging and is in the pressurizer. The value
letdown, and Si of [78%) range, is the upper
pumps (unless limit for pressurizer level to
Si termination ensure that there is an operable

criteria are steam space in the pressurizer.
met), are This level can be exceeded if
maintaining or solid operation is required to
restering restore subcooling.

pressuhzer
level Subcooling coexisting with a

pressurizer level of at least
gJ)d [2%) indicates adequate RCS

inventory control via either

ii) the RCS is solid plant operation or a
subcooled saturated bubble in the

pressurizer.

RILd
Representative CET

iii) the HJTC temperature is utilized during
RVLMS natural circulation flow
indicates the conditions and Tu RTDs are
core is covered utilized for forced circulation

flow conditions.

OI
An HJTC RVLMS indication

b. p a turizer level is < that the core is covered, taken

[2fd, Ihml: in conjunction with RCS |
subcooling, is an additional |

i) available indication that RCS inventory
charging pump control has been established.
is operating and For cases where RCS inventory
the SI pump (s) is degraded, charging pump and
are injecting Si operation provides implicit
water into the assurance that inventory control |

RCS per Figure is being reg 4!nul |

6-3 i

|

O
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:O SAFETY FUNCTION STATUS CHECK BASES .v
STEAM GENERATOR TUBE RUPTURE (Continued)

Safety Function Acceptance Criteria Bases

3. (Continued) ag[

ii) the HJTC
RVLMS i

indicates the
,

core is covered.
,

i
i 4. RCS Pressure Control a. Pressurizer heaters and For the SGTR event, when

spray, charging and pressurizer level has been j;.
letdown, SI pumps or restored, operation of the

~

'

the Reactor Coolant pressurizer heaters and sprays -

|
Gas Vent System are (automatic or manual control), j

; maintaining or restoring or solid plant control using .

!
pressurizer pressure charging and letdown, or SI
within the limits of pumps, or the RCGVS should |

t. Figure 6-1. be sufficient to control RCS j
pressure. If none of these ;

.qt systems are available for j'

pressure control, then the
-

b. available charging operator should implement ther ,

j. pump is operating and FRG. ,

the SI pump (s) are !

injecting water into the For cases where RCS pressure
.

RCS per Figure 6-3 control is degraded, charging

(unless SI termination pump and SIS operation'

criteria are met). provides implicit assurance that
inventory controlis being

,

regained.
4 ,

5. Core Heat Removal a. Tu RTDs and The basis for the temmrature !

:spresentative Core Exit limit during the use or optimal
Germocouple recovery procedures other than -

temperatures less than LOCA is the indication that the ;"

1 [626*F). event specific recovery strategy j

is not effective in core heat ;>

removal. For the optimal
recovery guidelines other than !
LOCA, heat is normally
removed from the RCS by the
steam generators. The value of '

the CET temperature will be
4

| governed by steam generator

Fg conditions (i.e., pressure and j
itemperature). In general, T, a-

1 Tso and CET temperature will j

y,
"
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SAFETY FUNCTION STATUS CHECK BASES
STEAM GENERATOR TUBS RUPTURE (Continued)

Safety Function Acceptance Criteria Bases

5. (Continued) be T, + core AT. For forced
RCS flow conditions Tso a T,
a Tu m CET temperature.

T, is based on the secondary
system design of [1200 psia]
which has a corresponding Tot
= 567*F. The core AT during
natural circulation is 159'F].
Therefore T , + AT =
[626*F].

6. RCS Heat Removal a. i) At least one Adequate RCS heat removal
steam generator will be maintained if at least
has level within one steam generator is available
normal level for removing heat (capable of
band with steam flow and feed flow).
feedwater The value of [500 gpm total
available to feedwater flow] is sufficient
maintain level feed flow to remove decay heat

(approximately 2% rated

or thermal power) from the core.
Decay heat levels may not be

ii) At least one high enough to require 500
steam generator gpm] feed flowrate. In this
has level being case, steam generator levels in
restored to the the normal band satisfi:s RCS
normal band by heat renoval.
feedwater flow
with level
increasing

91

iii) Total feedwater
flow to either
or both steam
generators
greater than
[500 gpm]

and
-

O
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,Q SAFETY FUNCTION STATUS CHECK BASES
STEAM GENERATOR TUBE RUPTURE (Continued) -|

.

"

Safety Function Acceptance Criteria Bases

!-
,

; 6. (Continued) b. RCS Tu is less than [547'F] is based on - |

; [547'F]. maintaining RCS temperature j
| below the saturation

331 temperature corresponding to i

the SG safety valve setpoint, j
c. RCS temperature is The lowest lifting MSSV ,

controlled by steam setpoint is [1200 psia). The !.

bypass system corresponding saturation |

(preferred) or ADVs. temperature is [567'F]. :
'

;
,

When one steam generator is -|
isolated, the hot leg ,

temperature will rise in the i
I operating loop approximately |

[15'F]. An additional [5'F] is j

added to this to account for :
.

process uncertainties. ;

Therefore, the maximum hot ;-

leg temperature must be

tk [567'F] minus [20*F]. |
'i

RCS temperatures should be - [
controlled by operation of the j
steam bypass system or ADVs. |

'

The steam bypass system is ;

preferred because of the i

unmonitored release of !

radioactivity to the environment -|
via the ADVs. Controlled :
temperature response is i

specified to distinguish between ,

an uncontrolled cooldown with
a stuck open MSSV.

i
,

;

4

t
i

'

;
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SAFETY FUNCTION STATUS CHECK BASES
STEAM GENERATOR TUBE RUPTURE (Continued)

Safety Function Acceptance Criteria Bases

7. Containment Isolation a. Containment Pressure [2.0 psig] is based on the
< [2.0 psig] containment pressure alarm. It

is not expected for the SGTR

and event that containment pressure
will increase to the alarm

b. No containment area setpoint.

radiation monitors
alarming No radiation is anticipc:ed in

the containment for a SGTR.

add
During a SGTR event no

c. No abnormal increase increase in IRWST or reactor
in containment sump cavity sump levels is
levels. anticipated.

and During a SGTR event, no
Nuclear Annex alarms are

d. No Nuclear Annex anticipated.
alarms

8. Containment a. Containment [110*F] is the containment
Temperatute and temperature less than temperature Technical

Pressure Control [110*F]. Specification limit.
Containment temperature is not

and expected to increase to [110*F]
for the SGTR event. [2.0 psig]

b. Containment pressure is based on the containment
less than [2.0 psig]. pressure alarm. It is not

expected that the pressure will
reach this value during the
SGTR event.

9. Containment a. Containment Maintaining these centainment

CombustibL Gas temperature less than conditions provides at, indirect

Control [Il0'F] indication that the conditions
required for H generation do2

and not exist.

b. Containment pressure
less than [2.0 psig].

O
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Event Strategy

This section contains the SGTR operator actions strategy flow chart (Figure 6-17). The flow chart depicts
the strategy around which the SGTR guideline is built. It is intended to assist the procedure writer in
understanding the intent of the guide.line and for use in training. Operators should understand what the
major objectives of the guideline are in order to facilitate their progress toward those goals.

4

The strategy chart shows the recovery guideline strategy in detail and lists the guideline steps which

.

correspond to each strategy objective. Some steps in the guideline may be performed at any time during

| the course of an event. These steps are indicated by an asterisk next to the step number.
|
.

O

O
_.= _. _ ,. _
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INITIATED FROM INITIATED FROM

MOOE 1 OR MODE 2 MODE 3 OR MODE 4
ee -

I
STANDARD POST TRIP DIAGNOSE SGTR
ACTIONS PERFORMED

I
SPECIFIED .'*ITRY

DIAGNOSE SGTR CONDITK)NS ArtE MET

SPTAs AND DIAGNOSTICS

1 F SGTR EPG

CONFIRM yoYES
DIAGNOSIS OF

SGTR7

STEP #1

ANOMER
YES NO

EVENT
DIAGNOSED 7

STEP #1

1r i f 1P

SIS INSTRUCTIONS APPROPR TE DRG

STEP N2,3 STEP #1 STEP #1

RCP
INSTRUCTIONS

| STEP #4. 5

1P

COOLDOWN TO T,<547 F

STEP #6

1P
,

MAINTAIN SG LEYEL

STEP #7

1 P

DETERMINE SG WITH
SGTR

STEP #8

1P

- 1

Y

Strategy Chart for Steam Generator Tube Rupture Figure 6-17a
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rm
U :

,

N/
4

1P

ISOLATE MOST AFFECTED SG 1
!

S1EP S9

I
IISOLATED SG PRESSURE CONTROL 07

STEP #11
y RCS PRESSURE CONTROL

'
STEP F12,13

1 P

PREVENT OVERFILLING
ISOLATED SG

STEP #14
1P

|

St PUMPS TERMtNATION & q

RESTART |
i

STEP #15,16
1 P

'

RCS INVENTORY CONTROL

.q
STEP #171

1 P

NATURAL CIRCULATION"

GUOANCE

STEP #18

1

YES RCP RESTART
DESIRED 7 STEP #19

4

RCP RESTART NO m

CRITERIA MET? r

STEP #20

YES

| RESTART RCPs

STEP #21

,

Strategy Chart for Steam Generator Tube Rupture Figure 6-17h. -(
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O
2

%/

1 r

SAMPLE FOR RADICACTMTY
I

AND RCS BORATION
l

STEP #22

1 P

RCS COOLDOWN

STEP #23

1 P

SG LEVEL CONTROL NNISOLN/ED)

STEP #24

1 P

BYPASS ESFAS SETPOINTS

STEP #25

1P

CONDENSATE INVENTORY

STEP #26

1 P

IRWST GUIDANCE

STEP #27
a

1P<

COOL & DEPRESSURIZE ISOLATED SG

STEP #28

1 P

MONITOR / SAMPLE SECONDARY
FOR RAD.

STEP #29,30

1 P

3

Y

Strategy Chart for Steam Generator Tube Rupture Figure 6-17c
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3

%/

!

, r ;

ISOLATE. VENT, OR DRAW SITS

1STEP #31,32
|

|
|

1 P

INITIATE LTOP

iSTEP #33
I

4

I

YES SCS ENTRY NO I
CONDITIONS 1

SATISFIED 7 !
I

STEP #34 j

!

U 1r I

i

INITIATE SCS OPS & EXTT SGTR MONITOR FOR VOIDS

STEP #34 . STEP #34

,

i

1 r

EUMINATE VOIDS -

STEP #34

Ch
Cl- Strategy Chart for Steam Generator Tube Rupture - Figure 6-17d

I
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