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OWNED RIGHTS; OR
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DAMAGES RESULTING FROM THE USE OF, ANY INFORMATION, APPARATUS,
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ABSTRACT

In engineering the System 80+ Standard Plant Design, ABB-Combustion
Engineering recognized the significance of addressing safety during
shutdown operations. System 80+ is engineered with features that
enhance shutdown safety: 1) by deliberate system engineering,
equipment specification and plant arrangements for shutdown
operation, 2) by wode dependent control logic that assists and
limits operations, 3) by instrumentation, displays and alarms that
clearly portray plant status in each mode and 4] by thorough
procedural guidance and Technical Specifications that address
important shutdown evolutions. This report presents these features
and evaluztes them in the context of the specific shutdown !ssues
identified py the NRC. The report fulfills the ABB-Combustioan
Engineering ccmmitments to the NRC to 1) provide shutdown
information in support of the System 80+ Design Certification and
2) provide responses to specific RAI’s on shutdown operations.
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DEFINITIONS

The following definitions of terms are enployed throughout this
report.

DEFINITIONS

AVAILABLE (AVAILABILITY): The status of a system, structure or
component that is in service or can be placed in service in a
FUNCTIONAL or OPERABLE state by immediate manual or automatic
actuation.

CONTAINMENT CLOSURE: The action to secure primary (PWR) or
secondary (BWR) containment and its associated structures, systems,
and components as a FUNCTIONAL barrier to fission product release
under existing plant conditions.

CONTINGENCY PLAN: An approved plan of compensatory actions:

© To maintain DEFENSE IN DEPTH by alternate mezns when pre~
outage plarining reveals that specified systems, structures
or components will be unavailable;

[} To restore DEFENSE IN DEPTH when system AVAILABILITY drops
below the¢ planned DEFENSE IN DEPTH during the outage;

o To minimize likelihood of a lcss of KEY SAFETY FUNCTIONS
during HIGHER RISK EVOLUTIONS.

DECAY HEAT REMOVAL CAPABILITY: The ability to maintain reactor
coolant system (RCS) temperature and pressure, and spent fuel pool
(SFP) temperature below specified limits following a shutdown.

DEFENSE IN DEPTH: For the purpose of managing risk during
shutdown, defense in depth is the concept of.

o] Providing systems, structures and components to ensure
backup of KEY SAFETY FUNCTIONS using redundant, alternate
or diverse methods;

o Planning and scheduling outage activities in a manner that
optimizes safety system AVAILABRILITY;

o Providing administrative controls that support and/or
supplement the above elements.

DEFUELED: All fuel assemblies have been removed from the reactor
vessel and placed in the spent fuel pool or other storage facility.
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OPERABLE: The ability of a system to perform its specified
function with all applicable technical specifications requirements
satisfied.

REACTIVITY CONTROL: Measures established to precluded inadvertent
dilutions, criticalities, power excursions or losses of shutdown
margin, and to predict and monitor core behavior.

REDUCED INVENTORY: PWR condition with fuel in the reactor vessel
and level lower than three feet below the reactor vessel flange.

RISK MANAGEMENT: Integrated process of assessing and reducing the
likelihend and/or consequences of an adverse evernt.

SBRUTDOWN: Plant status when the reactor core is subcritical and a
startup is not in progress.

STARTUP: Plant status commencing with activities to neatup the RCS
above 200 degrees F and to bring the reactor core to a critical
condition and up to 5% of rated thermal power.

TRAIN: A set of safety related components that perform a safety
function. Trains performing redundant functions are physically,
electrically, and mechanically separated to the extent necessary to
insure independent performance of its safety function.

-iv-
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LIST OF ACRONYMS

Advanced Control Complex
Advanced Control Complex
Atmosphere Dump Valve

Advanced Light Water Reactor

All Rods Out

Boric ACid Storage Tank
Component Cooling

Component Cooling Water System
Condensate

Core Damage Frequency

Control Element Assembly

Core Exit Thermocouple
Containment Isolation

Core Protection Calculator
Control Room Operator
Containment Spray

Containment Spray Actuation Signal
Containment Spray System
Chemcial and Volume Control System
Circulating wWater

Diesel Generator

Design Basis Accident

Design Basis Event

Double Ended Hot Leg Slot

Double Ended Suction Leg Slot
Decontainment Factor

Decay Heat Removal

Discrete Indication Alarm System
Diesel Load Seguence

Pressure Differential

Direci Vessel Injection
Exclusion Area Boundary
Emergency Core Cooling System
Electrical Distribution System
Emergency Feedwater

Emergency Feedwater Actuation Signal
Emergency Feedwater

Electric Power Research Institute
Feed Water

Generated Iodine Spike

Head Area Cable Tray Assembly
Human Congnitive Dcliability
Heated Junction Thermocouple
High Pressure Safety Injection
Holdup Volume Tank
Instrumentation & Control
Instrument Air

Inadvertent Boron dilution
In-Core Instrument

-‘l-
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1.0 INTRODUCTION
1.1 PURPOSE

This report presents features of the System B0+ design which
address the irsues of shutdown risk. It further evaluates these
features with respect to their ability to reduce and/or mitigate
the consequences of this risk. It fulfills the comnitment made to
the NRC by ABB-Combustion Engineering (ABB-CE) in Reference 1 to
submit shutdown risk information in support of the System 80+
Design Certification.

1.2 BCOPE

Sections 2.1 through 2.13 present detailed discussions on the
specific shutdown issues. Following the detailed discussions of
these shutdown risk issues, the report provides a probabilistic
risk assessment in Section 3.0. This is followed in Sections 4.0,
5.0 and 6.0 by an evaluation of the applicabiiity of the analyses
in CESSAR-DC Chapters 6 and 15 to LOCA and accident events that are
initiated from sh.tdown modes. Secticn 7.0 evaluates the features
of System 80+ thac simplify shutdown operations and thereby reduce
the potential for initiating shutdown events. Conclusions of this
report are provided in Section 8.0. The scope of the information
presented was discussed with the NRC at a presentation by ABB-CE in
Rockville, Maryland on December 18, 1991 and is outlined by the
ABB-CE slides enclosed with the NRC minutes of the meeting in
Reference 2.

The repurt also addresses the RAI‘s “rom the NRC staff on CESSAR-DC
that pertain to shutdown risk. Appendix A of this report lists the
RAI’s and provides either the response or a referral to sections of
the report which encompass the response to each RAI,

1.3 BACKGROUND

In Generic Letter No, 8B8-17 (Reference 4) the NRC issued
recommendations to all holders of licenses for PWR‘s to implement
certain “"expeditious actions" before operating their plants in a
reduced inventory condition and to implement, as soon as practical,
"program enhancements" concerning operations during shutdown
cooling. The objective was to prevent the reoccurrence of events
that had occurred arnd that had the potential for core damage and/or
release of radiation. In NUREG=1449, NRC staff evaluations of
shutdown operations indicate that recommendations have been
implemented and/or are underway at operating plants.

1.4 BYSTEM 80+ FEATURES

In this section, a comparison is made between the characteristics
of past events and the System 80+ design features. The categories
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of shutdown events at operating plants are those used by the NRC in
Chapter 2 of NUREG-1449 with little modification. These categories
are mostly the same as the issuee identified by Secy-91-283 and
presented by ABB-CE at the December 18, 1991 meeting with the NRC
(Reference 2). Each category encompasees a group of similar events
that have in common the type of event initiator. Ultimately, if
left unmitigated by automatic or manual actions, all events might
eventually lead to over heating and/or physical damage to fuel with
consequent radiation release, but each scenario seguence may
differ. Depending upon the importance placed on each step in a
sequence, the same events could be grouped differently, For
example, the NUREG-1449 category, "Loss of Shutdown Cooling",
includes the issues listed in Reference 2 as 1) Mid~Loop Operation,
2) Loss of Decay Heat Removal Capability and 3) Effect of PWR Upper
Internals.

The categories employed in this section to group past events
encompass (and for some categories are identical to) the issues
which are listed by Reference 2 and which are presented in detail
in this report with a few exceptions. Tre exceptions apply to
postulated LOCA events initiated at high pressure and other
significant events initiated at high pressure for which we do not
have actual experience because they have not occurred in operating
plants. They exist only as analyses for use as guidance to avoid
the physical event and therefore are not included in the categories
oi past 2vents.

Past events are grouped intc the following ten categories:

Lose of shutdown cooling

Loss of electrical power

Loss of reactor coolant
Containment integrity
Overpressurization

Flooding and spills

Boron and reactivity events
Fire protection

Heavy loads and fuel handling
Mode change events

For each past event placed into a category an initiator is
identified. The plant design objective is to prevent the
occurrence of the event initialor, but realistically, absolute
prevention is impracticable and may be impossible. A combination
of prevention and mitigatic is employed in the System 80+ design,

Table 1-1 provides an overview of the System 80+ features that
avoid core damage during shutdown operating modes. It lists the
ten shutdown event categories and for each category it lists event
-nitiators for past events. These initiators are presented in a
generic fashion; each initiator representing many rpecific events
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% have occurred. For each initiator, the features of the Systenm
»¢' Jesign that are available to prevent occurrence of an initiator
“afor to mitigate the conseguences of an initiator are listed.

Table 1-2 provides a list of specific past events initiated from
shutdow.. modes. Events were selected to include all “en event
categories and all types of event initistors, but not all similar
significant events that have occurred. Several information sources
were utilized to compile this list. They include events listed in
NUREC~1449 wihich were taken from the 1990 AEOD report (Reference 5)
and which occurred mortly between January 1988 and July 1990 with
some additional events. For events since July 1990, ABB~CE
searched the INPO database for LER's using a selection of keywords
pertinent to the ten event categories and to shutdown operation.
Various other INPO and NSAC documents were also reviewed for
significant event reports dating from 1976 to 1990.

Events in Table 1-2 are grouped into the ten categories given
above. For each specific event, ithe features of the System 80+
design that apply to prevent and mitigate the event are indicated.
A review of this table server as a design review of the System 80+
capabilities to avoid cor. damage and/or significant radiation
release during shvtdown modes. The design features are discussed
in more cetail in the following Sections of this report.



EVENT CATEGORY

1.3 Loss of Shutdown Cooling SCS fiow loss by pmo suction wortex.

Imaccurate mid-loop level leading to
suction voitex.

Loss of flow while head of f, upper
internals in vessel and cavity
flooded ‘eads to core hestup.

Various low level sand loss of R
events.

)

")

£)

3

L

b

4

)

®id-loop level meximized by .ocating SCS suction piping st
the bottom of the hot leg.

Hard piged venting for SCS pumps rel feves gas binding more
quickiy and convenientiy. There are loop sesis in the
suction {ines.

One SCS suction line from esch hot ieg provides SCS
redundancy with seperstion of pump suction sources.

Contazinment spray pamps interchargeable with SCS pumps
provide recundant capacity and sy take suction from [RWST to
refi i RCS snd to mitigate gas binding.

With heao on, reactor vessel lewel monitoring system level
indications from vessel head to 8 ‘evel below thet raguired
for SUS operation. Level indication is sccurate for intended
use .

Core ex1*t thermicoup'ss monitor coolant temperature down o
100°F pricr to withdrawe! of CFTs prio” to fuel shuffling.
The RTDs and SCS temperstures are accurste Suring SCS
operat ion.,

Nith head off  level indication nesr hot leg elevation is
provided by high resolut.on instruments.

SCS performance monitored on each of 7 SCS pumps by pap
motor current, flow reate, discharge pressurs and suct ion
pressure. Possible SCS flow var iance with decay heest to
minimize potential for vorteming during mid-loop.

internais design limits coclent flow from cavity to core,
however  high availability of SCS system snd/or backups
essures forced conwection.

Nor-shared SCS system ol lows SCS maintenance snd testing
during Modes 1-4 prier to cold shutdown, increasing
evailsbility in SModes 5 and 6.

ALl SCS valves are sotor operstad, preventing failures on
less of wir 1! electro-prewmetic aperators were usec.
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5.

Loss of Reactor Coolant

Contairment Integrity

Overpressurization (Cont inued)

From shutdow: mode, equipment failure

and/or persorvel error lesds te loss
of coolant, usualiy Through systems
connected to BCS.

inadvertent BPY pressurization whiie
connectad systems are open Causing
cooiant level drop in vessel.

Cavite draning exposes fuel being
transterced,

Lose of shutdown coeol ing and/or loss
of resctor coolant results in core
boiling reguiring rapid containment
closure to prevent radioiogicel
relesse.

Personnel errors ~esult in opening
pathuays from contaimwment to
atmosphere during shutdowr
evolutions.

Inadvertent high pressure safety
injection acturtion st low
teaperature pressurires RCS sand SCS
system.

In-core instrumest sesl table svolutions sre prohibited by
procedural guidance while vesse!l head is on end mid- loop
evolytions are in progross  preventing seal lesks.

Coclant loss via RCP during sesl masintenance reduced by pusp
impel ler weight creating sesi.

Cavity draining [imited by reinforced pool seal between
vessel flange and tavity floor .

Contairment (ayout preverts totel draining if seal falis.

Tech spec reguires hetch end al!l pemetrations closed during
mid-loop evolutions. Contatrment configuration and size
aliow more outage sctiviiies within containment resulting
in less T without contairment integrity,

Rechadancy in SIS system, e'ectric powsr supply snd suppor?
systeme together with increased imstrmsntat ion reduce
Lthel thood of an nitiating event progressing to bolling.

Shutdown specific comtrol room displays, teck specs, and
procedural guidance reduce |ikel ihood of persorew! error .

SCS system relief yalves sized for manimm sefety injection
Lugpeid flow,

RCS s vented through the pressurizer serwey.




6.3

Ty

8.)

%)

Fiooding snd Spilis

Boron end Bsactivity Events

Fire Protection

Hea vy Lomds and Fuel Sandling

Ur-ont-olled coolent flow from opened
systems, typically combined with
other inadvertent sndfor pooriy
plarned svolutions, flood: essentisl
ogu i pment

Various CVCS misoperations and
uncal ibrated source rarge neutron
monitors cause spproach to
criticaiity.

VTS misope “ation causes Horon
dilution or potential boron
precipitation,

Dur ing shutdown evoiutions, use of
combust ible materisls plus ignition
sources such as temporary power |ines
increases potentisl for fire damage
to essential systems .

Inadequate Jesign sndior surveillance
ef Lifting devices causes potential
damage to fuel or sssential
oquipment |

&)

L

<)

Ay

L}

<
a2

L3

A

Combuct ibie materials are {imited in specific fire comtrol
areas.

Shutdown specific guidence |imits pathueys for heawy (ifts.
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TABLE 1-1 (Comtinued)

SRUTDOMN SVEWT CATEGORIES AWD SYSTEM 8O« FEATURES FOR PREVENTIOM, DETECTION AND WITIGA. jOW

®ogde Charnge Events

Operator sndior procedural errors
2l low mode chenges without satisfyin,
sntry regulresents.

=)

L}

L}

SYSTEM 80« FEATURES FOR PREVENTIOM, wETECTION AND ®TIGATION
Plant srrangesent m:nimizes potentisl for demeg'ng drous.

Proven design for fuel, core arrangesent and fuel hend! ing
mechine min‘mizes potentisi fuel drop.

Shutdown spacific comtrol room displeys, tech specs, and
procedural guidence reducs | kel ihood of personmel errors.

Inadver cent errors sre reduced and early operstor svelustion
of failures is improved by 1.) IPS0 overview display with
critice! fumction end system status specific to shutdown
modas 2. ) CRT displays »ith system |ineups snd component
status and 3.) alerms that are dependent on plart mode and
aguipnent Status.
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2.0 SHUTDOWN RISK 1ESUES

Sections 2.1 through 2.13 present detailed evaluations of specific
shutdown issues that were identified at the December 18, 1991
meeting with the NRC and that are listed in Reference 2. Each
section is subdivided into four subsections. The first subsection
states the issue consistent with the interpratation and evaluation
in NUREG-1449 and the appropriate RAls. The second subsection
lists the acceptance criteria that are employed to evaluate the
System €0+ design to prevent and/or mitigate unacceptable
consequences related to each shutdown issue. The third subsection
discusses the postulated plant scenarios, the analyses and the
evaluations considered by to assure that the shutdown issue is
adequately addressed. Finally, the fourth subsection states how
the issue is resolved by the System 80+ design. Depending upon
dach issue and its significance in evaluating System 80+, the
content of these subsections varies. Where appropriate, reference
is made to RAI‘s on the issue, both outstanding and previously
submitted. Appendix A contains the responses to all the RAI’s.
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2.1 PROCEDURES
2.1.1 18SUE

The operational guidance provided by the plant designer to the
owner/operator might not be sufficient to insure that procedures to
avoid, detect, mitigate, and/or recover from abnormal events
initiated from shutdown operations can be developed by the plant
owner /operator.

2.1.2 ACCEPTANCE CRITERIA

The operational guidance provided by the plant designer to the
owner/operatcr shall be sufficient to properly utilize design
features that are available to detect, mitigate and assist recovery
from abnormal events initiat:d during shutdown operations.

2.1.3 DISCUSSION

The System 80+ design incorporates advanced features which promote
safer and simpler plant operation. The features include redundancy
and diversity of components and systems, dedicated =nd/or
permanently aligned systems, and an advanced informa. >n _siem
which better informs the operations staff of plant s.atus,
potential adverse system interactions, and available recovery paths
if an abnormal event occurs. These features also contribute to
improved operability and maintainability that should significantly
reduce the initiating situations that have contributed to increased
shutdown risk.

The plant owner/operator is responsible for preparing detailed
procedures for normal, abnormal, and emergency operations using
guidance developed by the plant designer and plant site specific
information. The plant designer’s guidance generally is in the
form of suggested operational sequences that preserve the safety
bases of the design. Since shutdown operations must be intimately
connected to an outage strategy, specific procedures caunot be
imposed by the plant designer to cover the array of possible
shutdown events. However, the plant designer can provide guidcs
which instruct the plant owner/operator in the use of design
features which can detect, mitigate, and assist recovery fronm
abnormal events that can occur during shutdown operations.

The operational guidance contained in this report will be provided
to the plant owner/operator through the plant designer’s
Operational Support Information (0SI) program. The intent of the
OSI program is to insure that features of the System 80+ design are
effectively utilized in the operation of the plant as specified in
the plant owner/operator’s cperations program. The OSI program
also provides a formal means to transfer design related bases for
operations, regulatory operational commitments and related
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information that is typically provided to and required by a plant
license applicant. The OS] program is staged to develop more
detailed information as the plant design matures and is expected to
be completed during the construction and pre-operational phases of
a plant project. The OSI program integrates information from
various interrelated areas, e.g., the Maintenance Plan, the
Reliability Assurance Program and as-procured equipment
characteristics, to insure the owner/operator can efficiently
operate the plant within the design bases.

A summary of general operational guidance related to shutdown
operations is provided in Table 2.1-1. Specific details are
contained in the appropriate sections of this report.

An outline of the operational guidance developed to support RCS
reduced inventory operations is provided in Appendix C. This
guidance together with supporting information from this report is
sufficient for a plant owner/operator to develop an operational
guideline for reduced RCS inventory operations. The develcpment of
a detailed procedure by the plant owner/operator would require
specific equipment characteristics of procured components and
results of the pre-operational testing (CESSAR DC Chapter 14) to
determine system performance values. As an example to support mid-
loop operation, the shutdown coolant system flows, suction line
vortexing characteristics, level instrumentation calibration, among
others, would be measured during plant startup. This data would be
used to verify performance as well as to provide operational data.
Specific testing requirements for shutdown oriented instrumentation
will be added to CESSAR DC Chapter 14 in an update amendment.

2.1.4 RESOLUTION

The issue of procedures for shutdown operation is resoclved for
System 80+ by providing operational guidance to address use of
advanced design features to detect, mitigat. and assist recovery
from abnormal events initiated from shutdown operations.
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TOPIC PROCEDURAL GUIDANCE REFERENCE TO REPORT SECTION

Unplanned Draining of the Prevention 2:12.1, 3.-12.2:2(3), 2.12.3,
Reactor Coolant 2:12.3.2:1, 2.12.4

Administratively Control
Major Potential Draindown
Paths Identified for Shutdown

Modes

Identification

Monitor Instrumentation for 2:3:3:1, 2.12.4, 2.8
RCS Lewvel, Inventory and Table 2.8-1

Temperature Controls

Refueling pool level.
Containment and subsphere
sump levels.

c. Level indicators and
alarms: EDT, RDT, IRWST,
HVT, VCT.

d. RCS operational leakage
(Tech. Spec.
Surveillance).

e. RCS level indicators and
alarms.

1) Pressurizer level
2) RV Del*ta-P level
instruments

f. Pressurizer pressure

Lo g =]
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TOPIC PROCEDURAL GUIDANCE REFERENCE TO REPORT SECTION

Unplanned Draining of the Prevention 2:.32.1, 32:12:,2:38(3), 2:313.3,
Reactor Coolant 2:32:3.2.2, 2.132.8

Administratively Control
Major Potential Draindown
Paths Identified for Shutdown

Modes

Identification

Monitor Instrumentation for 2e3:3:1; 2.23.8, 2.8
RCS Level, Inventory and Table 2.8-1

Temperature Controls

a. Refueling pool level.

b. Containment and subsphere
sump levels.

c. Level indicators and
alarms: EDT, RDT, IRWST,
HVT, VCT.

d. RCS operational leakage
(Tech. Spec.
Surveillance).

e. RCS level indicators and
alarms,

1) Pressurizer level
2} RV Delta-P level
instruments

f. Pressurizer pressure
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information that is typically provided to and required by a plant
license applicant. The OSI program is staged to develop more
detailed information as the plant design matures ind is expected to
be completed during the construction and pre-operational phases of
a plant projsct. The OSI program integrates information from
various interr2lated areas, e.g., the Maintenance Plan, the
Reliability Assurance Program and as-procured equipment
characteristics, to insure the owner/operator can efficiently
operate the plant within the design bases.

A sumrmary of general operational guidance related to shutdown
cperations is provided in Table 2.1-1. Specific details are
contained in the appropriate sections of this report.

An outline of the operational guidance developed to support RCS
reduced inventory operations is provided in Appendix C. This
guidance together with supporting information from this report is
sufficient for a plant owner/operator to develop an operational
guideline for reduced RCS inventory operations. The development of
& detailed procedure by the plant owner/operator would require
specific equipment characteristics of procured components and
resclts of the pre-operational testing (CESSAR DC Chapter 14) to
determine system performance values. As an example to support mid-
loop cperation, the shutdown coclant system flows, suction line
vortexing characteristics, level instrumentation calibration, among
others, would be measured during plant startup. This data would be
used to verify performance as well as to provide operacional data.
Specific testing requirements for shutdown >riented instrumentation
will be added to CESSAR DC Chapter 14 in an update amendment.

2.1.4 RESOLUTION

The issue of procedures for shutdown operation is resolved for
System 80+ by providing operational guidance to address use of
advanced design features to detect, mitigate, and assist recovery
from abnormal events initiated from shutdown cperations.
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TOPIC
g. RCS tempera“ure 2.8, 2.3:3.1
1) Core Exit
Thermocouples

2} Resistance
Temperature Detectors
3} Shutdown Cooling
a) SG Parameters
b} Shutdown Cooling

System
MITIGATION {(Immediate 2.3.3.8, 2.12.3, 2.132.4,
Operator Action) 2+ 33. 2,312}

Appendix C

Identify leakage path.
isolate leakage path.
Make up losses.
a. Safety Injection
b. SDC via IRWST
c. Containment spray from

IRWST via SDC lines
d. Charging pumps
e. BAST
f. Safety Injection Tanks
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1) Drop of transported
equipment.

2) Droo of fuel bundle

3) Refueling pool seal
integrity.

4) Loads over ICI table.

Outage Maintenance

TABLE 2.1-1 (Cont’d)

Restrictions specified fer:

a.
b.
C¢

Lift Height

Travel Directions

Systems Lineup (Specified
in CESSAR DC, Chapter 9
«nd Plant Designer’s
"Heavy Load Guides")

Strateqgy for Shutdcown
Operations

b.

Define operating and
operational divisions.
Limit maintenance
activities to components
and systems not included
in a).

2.4.3.2.2

Appendix C



77a.wp(9212)bh

TABLE 2.1-1 (Cont’d)

EDURAL GUIDANCE RELATE ) BHUTDOWN GPERATION:
TOPIC PROCEDURAL GUIDAL/CE REFERENCE TV PEPORT SECTION
Fire Protection Administratively require fire 2.7.3.2, and 2.7 3.2

protection systems to remain
operable in shutdown modes.

Procedurallv Control:

a. Cowbustible materials
b. Housekeeping

c. Hot work

Pre~Fire Plan 2:.7:3.2
a. Outline fire fighting
strategies

b. Monitor status of fire
barriers
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CEDURA.

TOPIC

TABLE 2.1-1 (Cont’d)

RCS Cooling Using Feed and RCS Pressurized

Bleed (other systems not
available)

1.
2

Start SI pump.

Reduce pressure through
Safety Depressurization
System (SDS) venting to
IRWST. (Maintain
subcooled temperatures in
RCS) .

Secure operating RCPs (if
applicable)

Cycle 51 feed and SDS
bleed to reduce RCS
pressure and temperature.
When depressurized, open
SDS and Run SI
continuously.

Align SDC heat exchanger
for IRWST cooling.
Restore Normal SDC
systems.
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TABLE 2.1-1 (Cont’d)

BUMMARY OF PROCEDURAL

TOPIC

SG Tube Rupture

Lockout of main feedwater
pumps in shutdown modes
with RTCBs closed.

RCS Dapressurized

1. Start §1

2. Open SDS

3. Secure RCP’s (if RCS not
vented)

4. Align SDC heat exchanger
for IRWST Cooling.

5. Restore normal SDC
Systems

Include in Emergency
Procedure Guides a
requirement to maintain a
positive primary to secondary
pressure differential.

Administrativ2ly lockout ma‘n
feedwater pumps if
subcritical.

Table 2.6~1 Section C(a)

4.1.1 and 4.1.2
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Appendix D. In addition, a new technical specification section
applicable to reduced RCS inventory operations in Modes 5 and 6
(with fuel in the core) is presented in Appendix E.

The technical specification modifications and additions reflect:

a. the added redundancy and diversity of the System 80+ design
that allows these modifications without affecting operational
flexibility;

b. analysis of events initiated during shutdown operations;

c. assessment of the risk of operating in these plant
configurations for extended periods, e.g., refueling, unplanned
maintenance.

The rationale for the technical specification modifications is
contained in the appropriate sections of this report.

2.2.4 RESOLUTION

The issue of shutdown specific technical specifications is resolved
for System 80+ by mcdifications and additions to the technical
specifications based upon safety analyses performed for Modes 2
through 6. These modifications and additions provide additional
ensurance that the consequences of transients and accidents which
might occur during shut down modes of operation are less limiting
than those given in Chapter 6 and 15 of CESSAR-DC. The proposed
technical specification modifications and additions will be
reviewad against the shutdown PRA findings and a change package
will be proposed for a future CESSAR-DC amendment.
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Tech Number
m Spec and Title

3.1.% Shutdown
Margin (SDM)
>210°F

B P SDM < 210°F

3.1.10 SDM Test
Exemption for
CEDMs Testing

J3.3:;% RPS
Instrumen—
tation

3:3.95 Core
Prctection

Caiculators

Type of

Revision

Replace

New

Revision

Revision

Bases

Change mode
applicability <500°F

Add Kn-1 and ECP
requirements.

Allow CEDMs Testing in
Modes 4 and 5

Specify the modes of
applicability in Table
p 0 Ny Co Extend SG
Pressure-Low to Mode 3
and RC Tlow-Low to
Modes 3, 4, and 5 when
the CEAs can be moved.

Extend Operability to
Modes 3, 4, and 5 when
CEAs can be moved.

Extended applicability.

Provide protection for ejected
CEA and CEA group withdrawl in
shutdown modes.

Provide exceptions to Test
Operability of CEDMs. Movement
of only one CEA at 2 time is
allowed.

Provide Reactor Trip function for
Steam Line Break (SLB) in
Shutdown Modes.

Prevides Reactor Trip Function
for unplanned CEA Group
withdrawal.
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Item

10.

Tech
Spec

3.3.10

3.4.11

Nurber
and Title

ESFAS Instru-
mentation-

Automatic
Actuation

RCS P/T
Limits

LTOP

Safety
Injection
System

IRWST

Revision

Revision

Revision

Revision

Revision

TABLE 2.2-1 (Cont’d)

Add Mode 4 to CSAS
Mode applicability in
Table 3.3.12-1

Add minimum Pressure
Restriction RCS
Temperatures between
483°F and 543°F.

Change restriction on
mimber of SI pumps
cperable to 2.

Extend reqguirements
for 2 SI divisions to
all of Modes 4, 5, and
6.

a. Extend operapility
requirements to
Modes 5 and 6.

b. Specify maximum
water temperature
at 110°F.

Insures availability of aitomatic
CSAS for mitigation cf LOCA event
in Shutdown Mode 4.

Provide a SIAS for SLB and cther
increased heat removal events
initiated in this temperzture
regime.

Two SI divisions required
operable in applicable modes.

Required for RCS inventory makeup
for LOUCA events in lower
operating mocGes.

a. For compatibility with 3.5.3.

b. Presently stated in Bases.
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Tech
item 8Spec
11. 3.8.2
y & 3.3.15
13, 3.3.14
14. 3.1.6

TABILE 2.2-1 (Cont’d)

Number
and Title

AC Sources
{Shutdown)

Beron
Dilution
Alarm

Accident
Mcnitoring
Instrumen-
tation (AMI)

Shutdown CEA
Insertion
Limits

Type of

Revision

New

Bases

Require 1 circuit
betwszen the offsite
transmission network
to each ousite Class
1E distribution system
in Modes 5 and 6.

Both boron dilution
alarms shall be
operable in Modes 3,
4, 5, and 6.

ad@ Radiation
Monitoring
Instrumentat on for

a. SG Ligquid Blowdown
b. Steam Line

c. Air Fjectors

d. Stack

to Table 3.3.14-1

Add special test
exczp’' ions and
applicabilityv to only
critical conditions.

Provide additional backup AC
power source.

Provide add tional protection for
prevention of an inadvertent
boron dilution of the RCS.

Require? for SG tube rupture
detection in shutdown modes.

Clarify applicability and STE’s.



77a.wp(9212;)bh

15.

16.

17,

18.

19.

Tech
Spec
i B

3.3.12

3.4.11

TABLE 2.2~1 (Cont’d)

Number
and T_ %le

Regulating
CEA Insertion
Timits

ESFAS
Instrumentati
on Manual
Actuatior

LTOP

DC Sources
{Shutdown)

Distribution
Systens
(Shutdown;

Shutdown
Cooling
(Refueling
Operations)

Same as Item 14.

Add Mode 4 to CSAS
Mode Applicability in
Table 3.3.12-1

Delete requirement for
SI pumps,

Clarify LCO to provide
most reliable line up.

Clarify LCO to provide
most reliable line up.

Require Additional SDC
division to be
operable.

Sames as Item 14.

Insures aveilability of manual
CSAS for mitigation of LOCA event
in shutdcwn mode 4.

2 requived for Shutdowvn, see LCO
2 %.3. LTOP sizing in~Treased to
avo: ¢ PTS.

Prevents los:s of oparanle D/G due
t: @aintenance.

Preve~ts loss of operansle D/G due
*o maintenance.

Allows increased reliability for
decay hea*® removal.
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2.3 REDUCED INVENTORY OPERATION AND GL B88-17 FIXES
2.3.1 ISBUE

The NRC has voiced increasing concern over the safety of operations
during plant shutdowns. Plan*t events which have occurred in the
industry have highlighted the need for » close examination of
operations during reduced inventory conditions in the reactor
coolant system. Following the Diablo Canyon incident, the NRC
published Generic Letter 88-17, which required that holders of
rmerating licenses or construction permits address a number of
deficiencies in order to enhance the safety of shutdown operations
and reduce the risk to the public. Specific areas of concern
anclude:

1. instrumentation which would greatly improve the operator’s
monitoring capability during reduced inventory operations,

LS
-

the availability of existing equipment for use in mitigating
a loss of SCS or loss of RCS inventory,

3. nozzle dam installation procedures which would ensure a vent
pathway is available so that RCS pressurization can be
minimized if shutdown cooling is lost.

4., alternate ways to add inventory to keep the core covered should
5CS be lost,

5. administrative procedures that would aveoid RCS perturbations
duriny reduced Jnventory operations, and

6. containment closure issues.

The NRC has speciiied that programmed enhancements should
accomplish a comprehensive improvement in the plant’s al lity to
cope with shutdown operations. The NRC asserted that piants are
not well designed for reduced inventory operations, that procedures
are incomplete for shutdown cooling recovery or alternate actions
and that mitigating features may not be available under shutdown
conaitions. Therefore, the NRC has recommended that licensees
implement means to prevent accident initiation, to monitor a
progression that may lead to core damage and to evaluate
consequences and, where needed, to provide mitigation.

2.3.2 ACCEPTANCE CRITERIA

The System 80+ design shall reflect a cornprehensive consideration
of shutdown and lower power risk, by adequately addressing all GL
88-17 recommendations and other issues relevant to reduced
inventory, especially in the areas of instrumentation, technical
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2.3.3 DISCUBBION

During plant shutdowns, certain maintenance and testing activities
require a draindown of the RCS to a partially filled condition.
Normal maintenance activities include the replacement of RCP seals
and journal bearings. A testing activity requiring RCS draindown
is the Technical Specification for inservice inspection of the
steam generator tubes. The use of nozzle dams during maint=nance
and testing activities minimizes the time during which the R.3 must
be operated in a partially filled condition. To minimize operating
time at mid-loop level, nozzle dams are installed on the s* am
generators and the RCS is reflooded to continue maintenance 1d
testing.

While the RCS coolant level is lowered to within the hot leg, the
risk of loosing shutdown cooling is increased due to the
possibility of vortexing at the SCS suction line interface with the
hot leg. In the worst scenario, subsequent to vortexing in the SCS
suction line, a large percentage of air is entrained into the 5CS

vion piping and the SCS pump performance is cCegraded or
. <errupted. 1If SCS operation is not reestablished, core boiling
and pressurization can produce very rapid core uncovery, sometimes
in as little as 15 to 20 minutes. This phenomenon, and the high
probability of it occurring, prompted the NRC to issue the
recommendations of GL 88-17.

System 80+ design features result in practical and significant

benefits during reduced inventory operations. These design

features are outlined in Sections 2.3.3.1 through 2.3.2.5 which

follow. Details of the capabilities of these System 80+ design

features to enhance safety during reduced inventory conditions and ‘
of the analytical bases for changes to Technical Specifications and

procedure guidance to the owner/operatcr are presented in other

sections of this report.

2.3.3.1 Instrumentation for Shutdown Operations

Diverse, accurate, and redundant instrumentation (including control
room CRT displays) give continuous systen status and provide the
operations staff with precise information to monitor reduced
inventory operations and to respond to loss of shutdown cooling

events, should they occur. Detailed information on reduced
inventory instrumentation is included in Section 2.8 of this
Report.

Analyses form the basis for instrument design and calibration so as
to assure correct instrument operability during reduced inventory
states. Phenomena which can affect instrumentation operation are
considered in the recommended use of instrument types for various
scenarios. Instrumentation availahility during reduced inventory is
assured via the plant Technical Specifications *hat are p.ovided in
Section 2.2 of this report.

2.3=2

Fogog e ks i S WL i
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A general description of the types of instrumentation which are
used for reduced inventory is outlined below.

1.

Redundant and independent wide and narrow range level sensors
are provided for continuous monitoring of RCS level during
draindown operations. Tba level indicators provide monitoring
capability from the pre-drain down normal level in the
pressurizer to a point lower than that required for SCS
operation. The level indicators are calibrated for low
temperature operation and they provide a high degree of
accuracy. Indication in the main control room and low~low,
low, high and high-high level alarms are provided.

The wide range level instruments cover draining from the
pressurizer to below the bottom of the hot leg and are
available with the head on and off the vessel. The narrow
range level instruments cover reduced inventory cperations, and
are also available with head on and off the vessel. The narrow
range instruments are accurate for measuring level within the
hot leg. During a draindown, level monitoring would be
transitioned from the wide range level instruments to the
narrow range instruments when the greatest degree of accuracy
is required during operations with level within tae hot leg
region.

Several independent diverse temperature measurenments
representative of core exit temperature are provided during
reduced .inventory operations. Temperature indication is
available when the head is located both on and off the vessel.
Since temperature is valuable in guiding SCS restoration
actions and in monitoring the success of recovery actions,
alurm setpoints are based on integrated response times
necessary to support SCS recovery, event mitigation, time to
boil, and containment closure.

SCS operation monitoring instrumentation is provided that
assures precise knowledge of the status of the operating SCS
loop; including pressure, temperature, flow and pump
pertormance indicators.

2.3.3.2 8CS Design

The functional design of the S5hutdown Cooling System (SCS) is
substantially complete for System 80+. Design features that
improve SCS performance during shutdown operation are detailad
below.

1.

The System 80+ SCS suction lines do not contain any loop seals.
An improved suction piping layout allows self venting.
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Entrained air travels back up to the hot leg without the
possibility of being trapped anywhere in the SCS suction line.
This feature allows the SCS pumps to be restarted withocut
requiring complicated venting procedures, assuring an expedi‘ed
reflood of the s!' tdown coeling pump suction.

2. The two S5CS suction lines are independent and redundant to each
other. Problems associated with a specific suctio.. 1ine would
not limit the other shutdown cooling train from being operated,
after level recovery (if necessary), for continued decay heat
removal.

3. The two containment spray system pumps are interchangeable with
the SCTS pumps and are (lesigned to back up the SCS pumps in the
event of a non-electrical pump failure. Thus, there are four
pumps available for shutdown cooling, provided support systems
are available. Plant Technical Specifications will assure pump
availability during shutdown operations.

4. There are no interlocks on the shutdown cooling suction piping
which have the potential for disturbing shutdown cooling.
Although previous designs (e.g., System 80) included interlocks
to isclate the SCS in the event of an unanticipated RCS
pressurization during shutdown cooling, this interlock has been
deleted from the System 80+ design per the EPRI ALWR Utility
Requirements Document. This reasonably reduces the likelihood
of losses of SCS.

2.3.3.3 Steam Generator Nozzle Dam Integrity

The System 80+ design addresses the NRC concern for preventing
significant pressurization in the upper plenum of the reactor
vessel during core boiling scenarios. System 80+ procedural
guidance recommend, a nozzle dam installation and removal seguence
by which the nozzle dams are installed in the cold legs first.
After the cold leg nozzle dams are installed, the hot leg nozzle
dams can be installed. Likewise, when removing the nozzle dams,
the hot leg nozzle dams are removed first, subseguently cold leg
nozzle dams can be removed. This installation and removal
procedure will maximize the time that the steam generators are
available for reflux boiling in the case of a loss of decay heat
removal, and minimize the time that both hot legs are
simultaneously blocked by nozzle dams. This installation procedure
requires that the pressurizer manway is opened so that a hot side
vent pathway exists prior to blocking both RCS hot legs with nozzle
dams,

In the System 80+ design, the ability of the RCS to withstand
pressurization during reduced inventory operations with the nozzle
dams installed is limited by the design pressure of the steam
gensrator hot and cold leg nozzle dams. Based on field hydrostatic
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tests performed on nozzle dams, a conservative value of 40 psia is
assumed for this pressure limit. In order to assure that the
nozzle dam design pressure is not exceeded during reduced inventory
operations with boiling conditions in the reactor vessel, the
System 80+ design includes a requirement will be imposed to
establish a mid loop vent pathway via the pressurizer manway before
operating in reduced inventory. When the manway is opened to the
containment atmosphere, it provides sufficient venting capacity to
prevent RCS pressurization and subsequent nozzle dam failure. The
pressurizer manway vent pathway is of sufficient capacity to
prevent core uncovery due solely to pressurization of the hot side
resulting from boiling in the core ccolant.

The pressurizer manway will be closed except during normal RCS
draindown activities (see Section 2.1). During a normal draindown
to reduced inventory operations, when pressurizer level decreases
to a preestablished setpoint, the RCS vent pathway will be aligned
by opening the pressurizer manway. Following refueling operations,
RCS integrity will not be reestablished until the RCS coolant level
reaches the pressurizer. Only at that point will the manway be
reinstalled. This mid loop vent alignment allows sufficient
venting of the RCS to the pressurizer cubicle should SCS be i.st,
resulting in onset of core boiling.

Analyses have indicated that the pressurizer manway opened and
relieving to the pressurizer cubicle will be sufficient for venting
the RCS during RCS beiling and preventing steam generator nozzle
dam failure. An acceptable, conservative RCS equilibrium pressure
which is below the assumed steam generator nozzle dam design
pressure has been calculated to occur 4 days post shutdown.
Therefore, the earliest time after shutdown (from full power) for
operating at mid loop level is recommended as 4 days. Based on
industry operational data, a reasonable minimum RCS cooldown from
Mode 1, followed by a draindown from normal RCS level to mid loop,
can be performed in approximately 4.5 days. Therefore, the 4 day
requirement doces not impact the achievable start time for nczzle
dam installation. Additionally, it provides the necessary degree
of protection required for loss of decay heat removal scenarios.
This data 1is to be incorporated into guidance for the
owner /operator to employ when planning outage evolutions.
Additionally, procedural guidance regarding the earliest time after
shutdown for entry to reduced inventory operations is provided in
Section 2.2 of this report. Such restrictions are implemented to
minimize the consequences of a loss of shutdown cooling event
during reduced inventory operations.

The specified time after shutdown is based on the following
analytical results:

- decay heat vs, time after shutdown

- S



77a.wp(9212)bh

- the resultant RCS heat up rate assuming 2 total louss of
decay heat removal

- the consequential maximum RCS steam pressure for Mode 5,
reached by boiling RCS inventory.

Power history (unit specific, cycle specific) decay heat loads vs.
time plots could be used to calculate lower decay heat loads at 4
days, thus allowing entry intev mid loop operation and nozzle dam
installation earlier during shutdown. In fact, the use of the
pressurizer manvay as the vent pathway yields an acceptable
equilibrium pressure (below steam generator nozzle dam design
pressure) at 2 days post shutdown. This capability would be
further supported by higher nozzle dam pressure limits than assumed
in the analysis. Although this meets EPRI ALWR rcquirements for
refueling scheduling, it is not recommended that the plant enter
mid loop 1level operations before 4 days. Complying with
procedural guidance which requires mid loop operation no earlier
than 4 days adds margin to the relationship between RCS pressure
and nozzle dam design pressure. Furthermore, the entry time for
mid loop level reascnably limits the makeup flow required to match
boil-off to within several makeup schemes available in the System
80+ design (see Section 2.3.3.4). It fixes the time to boil
(assuming an initial RCS temperature of 150 deg F) to greater than
15 minutes, which lengthens the tine available for loss of shutdown
cooling system (S5CS) mitigation actions.

2.3.3.4 Alternate Inventory Additions and DHR Methods

The effective ma—agement of time .nd efforts is crucial to coping
with a loss of shutduwn cooling. Awareness of time constraints
provides information that is useful in deciding how to allocate
effort. If shutdown cooling cannot be restored within the time to
core uncovery, getting a source of water lined up to keep the core
covered becomes a first priority. Inventory makeup directly
extends the margin of safety prior to uncovering the core.

Successful coping with a loss of shutdown cooling would include
performing the steps outlined in Section 2.4 of this report. One
of the last measures specified in that section includes adding
makeup to the RCS to replenish bcil off. This is thought of as a
last resort measure in the System 80+ design due to the multiple
success paths available to restore decay heat removal, and the time
available to take corrective actions.

However, as required by Generic Letter 88-17, sufficient existing
equipment should be maintained in an operable or available status
s0 as to mitigate a loss of RCS inventory sihould core boiling or an
uncontrolled and significant inventory loss occur. Generic Letter
88-17 alsc recommends that the water addition rate capable of being
provided by each of the means should be at least sufficient to keep
the _ore covered. Finally, Generic Letter 88-17 states that the
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path of water addition must assure that akeup flow does not bypass
the reactor vessel before exiting any opening in RCS.

For the System 80+ design, at least 2 available means of adding
inventory to the RCS will be available whenever the RCS is in a
reduced inventory condition. Operating guidance is provided to
specify the source of makeup water, the means of providing makeup
to the RCS, and the recommended implementation strategy. The
guidance will designate makeup pathways that ensure that makeup
water does not bypass the reactor vessel.

The water addition rate capable of being provided should be at
least sufficient to makeup for the boil off rate. This keeps the
core covered and provides an adequate degree of protection for ioss
of decay heat removal scenarios. With the earliest nozzle dam
installation occurring at 4 days post trip, the decay heat present
would require approximately 135 gpm of makeup flow to compensate
for boil off. This value is based on the pressurizer manway being
opened, venting steam to the pressurizer cubicle. The steaming
rate, and therefore, the required makeup rate, will reduce beyond
4 days post trip. The exact makeup rat¢ may require adjustment
based on actual, as-built conditions.

For Mode 5, rcduced inventory operations, a shutdown cooling pump,
the containment spray pumps, or safety injection pumps will be
utilized as described in Section 2.4 to provide pumped makeup (for
boil off) should SCS be lost. Procedural guidance will caution
operators on using a containment spray pump in the same loop as the
affected shutdown cooling pump, especially if the shutdown cooling
pump has been lost due to air entrainment/pump cavitation. The
makeup pump (shutdown cooling, containment spray or safety
injection) will be aligned to the in-containment refueling water
storage tank (IRWST) as the preferred source for makeup. An
alternate source for borated water is the boric acid storage tank
(BAST) .

For Modes % and 6 the charging system via a charging punp (or
alternatively, a boric -cid makeup pump) will be utilized to
provide pumped makeup should all methods of decay heat and
inventory replernishment delineated above be lost. The pump chosen
will be aligned to the BAST.

If no method of pumped inventory aadition is available, a source
for gravity feed inventory addition is via the safety injection
tanks (SiTs). I'‘tis is applicable in Modes 5 and 6, and is
considered only as 1 last resort. This method of gravity feed will
only be implementec if SCS is lost along with 211 other meaus of
supplying water to the RCS, and RCS beiling is occurring. If at
least 2 tanks available provides assurance that over 20,000 gallons
of water are available for discharge. Inventory addition from 2
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SITs would assure approximately a 5§ 1/2 ft. rise in RCS water level
and would make up for approximately 3 hours of core boil off.

Use of the shutdown cooling pumps, containment spray pumps, or
safety injection pumps ensures that makeup flow will not bypass the
core regardless of postulated openings in the RCS. Flow delivery
will be through the direct vessel injection (DVI) nozzles. Even in
the case of a DVI line break, sufficient inventory will be added to
make up for core boil off. Use of the charging pump or boric acid
makeup pump also ensures that makeup flow will not bypass the core,
since it will be injected via the cold leg and enter the core via
the normal charging path.

2.3.3.5 Operations

Procedures and Technical Specifications necessary to support toe
program are identified and will be implemernted into the plant
design. Procedural gu:dance for the conduct of mid~loop draindowns
is provided to assure that no testing or maintenance activity
adversely affects the NSSS during mid-loop operations. Guidance
will be provided that assures that testing and maintenance
activities performed during reduced inventory avoid operations that
deliberately lead to perturbations .n the RCS anc all supportinrg
systems necessary to maintain the RCS in a stable condition. These
operations include (but are not limited to):

RCS drain operations

shutdown cooling testing and maintainance activities

reactor coclant gas vent system testing and maintenance
component cooling water testing and maintenance

withdrawal of the incore instrumentation for refueling
safety injection system testing and maintenance

personnel communications system perturbations

in-core instrument seal table evolutions while the reactor
vessel head is on and mid loop operations are in progress.

Avoiding RCS and support system perturkations assures that adeguate
operating, operable, and/or available egquipment of high reliability
is provided for coolirg the RCS and for avoiding a loss of RCS
cooling. These actions also maintain sufficient existing egquipment
in an operable or available status so as to mitigate a los= of SCS
or a loss of RCS inventory, should either occur. Adequate
communications are essential to activities related to the RCS or
systems necessary to maintain the RCS in a stable, controlled
condition.

Due to the Diablo Canyon incident and other industry events, the
requirements for evacuating personnel from the containment

building, closing of the containment building e ment hatch and
containment air lock doors, and isolation of p« ations lesding
outside containment were evaluated based on ti boil and time
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to core uncovery criteria. A description of the containment
closure conditions referred to, aleng with a description of
containmert closure design features, is contained in Section 6.0 of
this report.

2.3.4 REBOLUTION

The resolution of the reduced inventory issue on System 80+ is
complete. Resolution is comprised of the resulte of the analyses
outlined above, related evaluations in Section 2.4 on availability
of decay heat removal, Technical Specifications in Section 2.2 ar~
procedural guidance in Section 2.1.

The System 80+ design reflects a comprehensive consideration of
shutdown and low power risk by adequately addressing all Generic
Letter 88~17 recommendatiouns and other issues relevant to rveduced
inventory.
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2.4 LO8p ~F DECAY HEAT REMOVAL CAPABILITY
2.4.1 188UE

Events that have occuired at operating plants der nstrate the
vulnerability during shutdown Modes to loss of decay heat removal.
The variety of maintenance activities taking place at shutdown
conbined with the possible system and eguipment interactions that
may occur lead to many conceivable scenarios for experiencing a
loss of decay heat removal. Three dominant design objectives have
evolved from the emphasis placed on prevention of shutdown events:

1. Provide red. :dant Shutdown Cooling System capacity and iduntify
alternate decay heat removal capability.

2. Provide instrumentation to effectively monitor shutdown
operations, including critical plant configurations such as
mid~lioop.

3. Provide flexible redundancy in AC power.

The System 80+ features that address these issues are presented
below in the context of demonstrating an integrated design capable
of avoiding unacceptable consequences from the entire spectrum of
potential event scenarios.

2.4.2 ACCEPTANCE CRITERIA

All e.ent scenarios may be characterized by initiation, dotection,
mitigation and consequence. To measure the success of the
intejrated response of System B0+ to events initiated from Modes 2
through 6, two criteria related to the potential for radiological
release are adopted here. Significant release can only occur from
fuel cladding rupture resulting from heatup after the coolant level
drops below the top of the active core. Therefore, the first
acceptance criterion is that there shall be no fuel cladding
failure resulting from postulated events, excluding LOCA, initiated
from Modes 2 through 6. The second criterion is that the
radiological exposure of the public to events resulting in the loss
of decay heat removal shall be limited to a fraction of the
10CFR100 limits that is specified in sections of this report where
applicable.

2.4.3 DIBCUSBION

In this section, an evaluation 1s presented of the System 80+
features that are designed to prevent vioclation of the above
uriterion., Section 2.4.3.1 examines events and event initiator:
which potentially result in che losec of shutdewn cooling leading to
boilinf. Causes of past events considered include mid-looup
cpera*ion, power fajlure and vperator error. Appropriate Technical

2:.4-1
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2.4.3.1.2 Resistance to Initiators

Design improvements have been made to the System 80+ SCS5 that
reduce the likelihood for a loss of DHR. This is, in part, the
result of applying a "beyond single failure criteria® design
philosophy to improve the SCS’s ability to withstand a wide range
of initiators, including a loss of power, equ.pment failure,
control system failure and operator error, The major design
features attributed to the §5CS8’s increased resistance are
summarized in Table 2.4~1, The BCS Piping and Instrumentation
Diagrams are shown in Figure 2.4~2 through 2.4-4.

TABLE 2.4-1

BUMMARY OF BYSTEM 60+ BCS DESIGN FEATURES
THAT INCREASE RESISTANCE AGAINST INITIATORS

SCS Nozzle at bottom of hot leg.

Dedicated DHR function.

independent suctica lines for each train.

Elimination of auto~closure interlocks in suction valves.
Elimination of cross train communication.

Increasel system design pressure.

Inproved flow control.

Improved protection against pump excessive flow conditions.
Flexikility to reduce flowrates to maximize NPSHA.
Improved RCS level instrumentation at mid-loop.
Instrumentation to indicate incipient pump cavitation.
Elimination of loop seals in suction lines.

Improved AC power reliability.

The most important feature that was added for the System 80+ SCS is
its dediciation to the DHR function. No portions of the SCS are
included in the Emergency Core Cooling System (ECCS) as has been
done with past designs. This means the SCS components dc not
double for components credited in other safety systems during Modes
1 through 4. This sinjgle design change allows various SCS
improvements and simplifications including the ability to perform
routine maintenance outside of shutdown cooiing modes (5 and 6).

The system is comprised of two dentical, redundant, and totally
separate trains each capable of performing the required DHR
function. Dedicated heat exchangers have been provided in each SCS
train. Previous designs used a single heat exchanger for both the
SCS and the conta nment spray system (CS8S), and as a result this
reguired system realignment as the plant moved through modes 4 to
5. However, the System 80+ design eliminates these manual actions

2.4-3
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which decreas. the potential for operator error during Modes 5 and
6.

Each SCS train has independent suction lines {som the RCS hot-legs.
There are no cross~connections between SC8 trains. Direct vessel
injection (DVI) introduced for System 80+ and the dedicated DHR
function of the SCS have snabled each train to be separate. This
a..owed simplifications in the ariangements resulting in greater
protection for each pump from suction line failures due to air
ingestion and discharge line failures reculting from pump to pumnp
interaction.

Interlocks are provided on the 8C8 suction isoclation valves to
prevent these valves from being opened when RCS pressure is above
the SCS entry pressure. These interlocks are enabled when RCS
pressure is slightly above the shutdown conling initiation
pressure. All interlocks to close these valves, s :ch as closure on
high pressure, have been eliminated. During an overpressurization
transient, the SCS will ke maintained active to continue DHR. The
8C5 is designed to mitigate these events with low temperature
overpressure protection (LTOP) using spring-loaded relief valves
and by an increased SCS design pressure.

System flow control and protection from pump overspeed has been
improved. System flow control is accomplished using valving and
fixed resistance orifices in each train (orifices are not shown in
Figure 2.4-1). The orifices are sized to limit the maximum
flowrate from the SCS pumps and adjustments to shutdown cooling
flowrate to match decay heat levels is accomplished by modulating
valves. This design philesophy not only minimizes meat wear due to
high fluid velocities resulting from throttling, but also prevents
pump excessive flow conditions.

Operating procedures for the SCS during reduced inventory operation
provide minimum flowrates necessary to perform DHR as a function of
t.ime after shutdown. SCS flowrate will be decreased as the cooling
requirements decrease from lower decay heat levels. The lower
shutdown cooling flowrate increases the net positive suction head
available (NPSHA) to the SCS pumps. This provides greater
operational margin for the RCS during midloop when SCS NPSHA is at
a minimum and the potential for cavitation is at a maximum.

The ability to accurately measure and provide the RCS fluid levels
has been the cause of many incidents resulting in the loss of DHR,
System 80+ has made many improvements in the instrumentation for
measuring the liquid level in the RCS and data display to the
operator in the control room. Further discussion on this topic
appears in sections 2.2 and 2.8 of this report,

Improvements have been made in the instrumentation of the SCS to
provide the operator with more information about critical points in

2.4-4
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the system. The intent is to provide the operator with detailed
system parameters so appropriate actions can be taken be..re the
loss of DHR occurs, If a loss of the SCS8 does occur these
goralotorl will aid in the correct and timely evaluation of the
nitiator thus decreasing S5C8 recovery time. Major new instruments
which have becn included in the Svetem 80+ design are suction and
discharge pressure indicators and SCS pump motor current
indication. These instruments are all indicated in the main
control room.

Suction piping arrangements have been simplified and improved.
Several incidents have been attributed to the presence of loop
seals in the suction lines that allow air to collect and lead to
the reduction of NPSHA and air binding. System 80+ arrangements
for the suction lines do not have loop seals and thereby mnhance
the ability of the pumpe tc survive low NPSHA conditions.

Improvements in AC power reliability are discussed in sub-section
2:4.3.2.

The System 80+ SCS design features presented above, and summarized
in Table 2.4~1, provide a way to minimize a loss of the 8CS. These
design features also address initiators which are known to have
defeated DHR systems in currently operating plants. A summary of
these initiators and corresponding SCS deign features are provided
in Tables 1~1 and 1-:.

2.4,3.1.3 Recovery from Initiators

Recognizing that some initiators may defeat the 5CS, the System 80+
design will reguire that both SCS trains and one division of AC
power be operable during Modes % and 6. This allows safety
injection and containment spray equipment in the redundant division
to undergo maintenance activities as necessary.

Table 1~2 provides a detailed listing of everts that have resulted
in the loss of shutdown coecling. Table 1-1 summarizes design
features incorporated into System 80+ to prevent, detect anA
mitigate the effects of the events listed in Table 1-2.
Consequently, a detailed listing of all potential initjators will
not be provided in this section. Instead, initiators that result
in the loss of DHR are categorized into four groups. This
categorization is structured primarily to simplify the discussion
but may aleo aid in constructing diagnostic loss of SCS procedures.
These groups relate the initviator to a location in the system with
respect to the S8C pump. The instrumentation provided for
monitoring the pump’s performance identify whether the failure is
in the suction line, discharge line, the pump itself, or a power
failure. With proper diagnostic information from these groups, the
operator can perform appropriate recovery actions to restore DHR.
Table 2.4-2 identifies the groups, some representative initiators

2.4-5
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in each group, a brietf description of the event and the
instrumentation available to detect the event. The discussion that
follows examines how DHR can be recovered using this information
assuming a loss of a 8CS train.

2.4.3.,1.3.1 Group I Initiators

Group I initiators include a failure in the suction side of the SC
pump. Suction line initiators are the most common during the
midloop operation. These would include air ingestion, inadvertent
closure of a valve in the suction line, failure of a relief valve
to close, laakage from the system and procedural errors. The
result of any of these initiators is to reduce the NPSHA for the SC

pump.

Informationr provided to the operator in the control room for
detecting and diagnosing these events include various alarms and
indicators. The sCS ircludes an alarm for a low flow condition
during shutdown cooling., 7This will be the initial indication of a
possible suction line initiator since its set point is above the
onset of cavitation. The typical alarm used for SCS flov is set to
indicate a drop in flow from the design value of 5000 gpm to
approximately 3000 gpm. This, in conjunction with a low suction
pressure, fluctuating motor current and near normal discharge
pressure (during the onset of cuvitation), will confirm a Group 1
initiator (8C pump suction).

2.,4.3.1.3%.1.1 Recovery During Mode §

The equipment available to recover from thie i.aitiator depends on
the mode of operation and includes the redundant SCS train, one of
two containment spray (CS) and two of four safety injection (8I)
pumps., (Tecln.cal Specifications will require that two AC sources
will be available to each division of class 1E AC power during
reduced inventory operations in Modes 5 and 6. See section 2.2 of
this report.) The CS pumps are identical tc¢ the SC pumps and
provide a redundant source for DHR flow during Modes 5 and 6. The
81 pumps provide a viable source of DHR flow in Mode 5 as their
capacity will match the reduced decay heat generation rate.

If the redundant SCS train cannot be used to recover from a Group
I initiator during Mode 5, the CS pumps can be used to re-establish
inventory control and DHR. The CS8 pumps can be aligned to take
suction from either the RCS hot-legs or the In-containment
Refueling Water Storage Tank (IRWST), During a Group 1 initiator,
however, the CS pumps, which are normally aligned to the IRWST, can
be used to re-establish inventory control by injecting IRWST water
into the reactor vessel through the DVI nozzles (see Figure 2.4-1).
This alignment can also provide DHR using the SCS heat exchanger.
This response requires operator action to open an SDS valve RCS to
allow water to circulate through the RCS to effect DHR (by opening
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a Safety Depressurization System (SDS) valve), the manual opening
of one (normally locked closed) cross-connect valve and the
actuation of the CS8 pump from the contreol room. Once the event is
terminated, either the original SCS train or the redundant train
can be activated to resume DHR. If a group I initiator produces a
loss of cocolant accident outside of containment, the operator has
over 24 hours to jdentify and mitigate the event based on C§ pump
flow to match boiloff rate assuming the source of water is the
IRWST,

If the CS pump is not functional, the S§1 pumps can be used to re~
establish inventory control by injecting IRWET water into the
reactor vessal. DHR would then be performed by either the
redundant SCS train after RCS level is recovered, by "break" flow,
if the initiator provided an opening in the system, or by feed-and~-
bleed by opening a DS valve. In the extreme, a single SI pump can
provide sufficient ftlow to match boil-off thereby extending
operator response time to identify the initiator and terminate the
event,

2.4.3,1.3.1.2 Recovery During Mode 6

The equipment available to recover from this initiator during Mode
6 includes the redundant S8CS§ train and possibly the opposite
division’s CS8 pump.

In this mode, the primary recovery system will be the redundant SC8
train. However, if it is not available, then a CS8 pump may be
aligned to take suction from the RCS hot-leg and discharge into the
DVI nozzles. The success of this action is dependant on the
particular Group I initiator since the operable CS pump must use
the same RCS suction as the defeated SCS train (see Figure 2.4-1)
and the opposite division’s CS pump may be inoperable due to
maintenance.

2.4.3.1.3.2 Group II Initiaturs

Group II initiators include a failure in the discharge side of the
8C pump. Discharge line initiators include inadvertent .losure or
opening of a valve and the inadvertent actuation or leakage from a
relief valve. The result of Group 1! initiators is to change the
SCS system resistance curve. The pump will respond in accordance
with its characteristic curve, Specifically, for the closure ot a
valve in the discharge line, the system resistance will increase
resulting in a decrease in DHR flow and power consumption with a
concurrent increase in discharge head. Pump by-pass lines prevent
pump operation at shutoff, For the inadvertent opening of a valve,
there will be a reduction in system resistance which will produce
an increase in flow and a decrease in power consumption at a lower
pump head.
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Information previded to the operator in the control room to detect
and Jdiagnose these events include t'e same alarms and indicators
discussed in connection with Group 1 initiators (sub-section
2.4.3.1,3.,1). The instrumentation critical to identifying a Group
11 initiator includes the SC pump discharge pressure, flowrate and
metor current indication (see Table 2.4-2).

2.4.%3.,1.3.2.1 Recovery During Mode §

The equipment available to recover [rom this initiator during Mode
5 include the redundant SCS train, one C§ pump and two 81 pumps.

In this mode, the primary recovery system will be the redundant SCS
train as the potential to lose the other SCS pump is unlikely. For
the low probability case where the redundant 8CS8 train cannot be
used, the CS pump may be used to re-establish inventory contrel and
DHR. 1If the CS pump is not functional, the §1 pumps can be used to
re-establish inventory control. DHR then would be performed by
either the redundant SCS train after RCS level has been recovered,
by break flow or by feed-~and-bleed.

2.4.3.1.3,2.2 Recovery During Mode v

The eauiprent available to recover from this initiator during Mode
6 include the redundant SCS train and possibly the C8 pump. The
success of using the CS pump is dependent on the specific Group 11
initiator since the C5 pump shares injection lines with the
defeated SCE train,

2.4.3.1.3.3 Group II1 Initiators

Group JI1J initiators include a mechanical failure of the SC pump.
Table 2.4-2 shows some examples. Recovery from Group III
initiators includs activating the redundant SCS train or aligning
the CS pump.

2.4.3,1.3.4 Group IV Initiators

Group IV initiators are due to a loss of AC power. Recovery from
Group IV initiators include automatic actuation of battery power,
actuation of the combustion turbine or, if the loss of power is
local to the train, activating the redundant SCS train or CS pump.
System 80+ AC power availability is discussed in section 2.4.3.2.

2.4.3.1.4 Recovery Based on Plant Configuration

Section 2.4.3.1.3 provided a general discussion regarding the
recovery from initiators. This section examines the recovery from
imitiators for several specific plant configurations and modes,
This analysis illustrates the capability of System 80+ to recover
from losses of DHR and identifies new procedural reguirements and
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technical specifications to minimize such losses and facilitate
mitigative actions.

Figure 2.4~1 facilitates the identification of several major plant
configurations of interest for shutdown risk. The terminat.on
peints shown in the figure relate to Table 2.4-3 which provides an
analysie of the configuration identifying possible initiators,
current applicable technical specifications, new technical
specifications, additional procedural requirements, alternative
support eguipment and systems available to mitigate losses of DHR
and recovery actions from initiators.

2.4.3.1.5 Conclusions

The System 80+ 8C5 design features provide the necessary
redundancy, flexibility, and diversity te reduce the livelihood of
lesing decay heat removal due to a loss of the S5CS. The features
of the design, the Technical Specifications, and the procedure
guidance allow shutdown activities within certain limits and
provide operational giidance for system flexibility and assurance
that a loss of decay heat removal is unlikely.

2.4~9
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INSDVERTENT SIGNAL S1-657, 6533, 655 LOSS OF CODLING FLOW LN FLOW ALRRw
CLOSES MOTOR oR FLUCTUATING DISCNARGE PRESSURT
OPERATED VALVE S1-652, 656, 666 CURRENT FLUCTUATIONS

LOW SUCTION SRESSURE
POSITION INDICATION ON VALVE CPERATORS

OPERATOR FRROR TN S1-106 & s1-%07 LOSS OF CODLING FLON LN FLOM ARM
CLOSING SCS SUCTiON FLUCTURTING DISCHARGE PRESSURE
ISOLATION VALVE CURRENT FLUCTUAT Jox<

1OW SUCTION PRESSURT

POSTTION INDICATION ON VALVE OPERATORS

LOW RCS LEVEL PUMPS WLl CAVITATE LON FLON ARM

RESULTING 1IN VORTEX RESULTING 1IN LOSS OF FLUCTUAT ING TISONARGE PRESSURE
FORMATION AND AIR CODLING FLON CURRENT FLUCTUATIONS
ENTRE INMEN | LT SUCTION PRESSURE

RCS LEVEL

11 - FATLURE 1% TIR JISCRARGE ilIWE

INADVERTENT STGNAL $1-310 § 312, & SYSTEM RESISTANCE L0 FLON ARW
CLOSES mOTOR . TNCREASES CAUSING THE i UCTUATING DISCPARGE PRESSURE
OPERRTED VALVE 51-311 & 313, 400 PUMP TO OPERATE MEAR CURRENT FLUCTUATIONS

SWUTOFF LOW SUCTION PRESSURE

RCS LEVEL

OPERATOR ERROR IN S1-57%, 578 SYSTEW PESISTANCE 10§ FLON APN

CLOSING SCS INCREASES CAUSING THE FLUCTUAT ING DISCHARGE PRESSURE
DISCHARGE [SOLRTION PUNP TO OPERATE WEAR CURRENT FLUCTUATIONS

VALVE SKUTOFS LOW SUCTION PRESSURE

RCS LEVEL
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INADVERTENT SI1GNAL
OPENS MOTOR OPERATED
VALVE

VALVES [N THE 1BWST
TESY PATH NOT CLOSED
FOLLOWING COMPLETION
OF SC FULL FLOW TTST

SCS AC. . TRAIN IS
USED TO FILL
REFUEL INGC POOL

INAQVESTENT CR03%
CONRECT 7O THE
CONTAINMENT SPRAY
SYSTEM

$1-315,6°3 & 301
or
$1-304,685 & 300

S1-450 & 458
S1-454 § &55

$1-430, 4N

SYSTEM RESISTANCE
DECREASES CAUSING PumF
TO EXCEED 1TSS RUNOUT
FLOM. ALSO, FLOW SPLIT
WAY CAUSE RCS TO HERT
UP AS LESS FLOW WILL BE
DELIVERED.

PUMPS WILL DRAIN THE
RCS INVENTORY INTD THE
IRUST THROUGH THE TEST
PATH THEN LOSE SUCTION
AS THE FLUID TN THE wCT
LEG DROPS

THE STS SAS BEEN
DESIGLED TO SUPPORT
EPRI REQUIREMENT
5.3.1.2 FOR REFUELING
POOL (RFPY FILL. !F THE
REP IS FILLED USING THE
TRAIN PEAFORMING ST,
THEN THE RCS INVENTORY
COULD BE TRANSFERED TO
THE R%P.

LOSS OF COOLANT FLOW

LS FLOW INDICATION
LON DISCHARGE PRESSURE

SUCTION PRESSURE DECREASES
INCREASED POMER CONSUMSTION
POSITION INDICATION ON VALVE OPERATORS

LIUID LEVEL INSTR FOR MIDLOOP OPERATION
RAP D DECREASE IN RCS PRESSURE

RAPIC DECREASE IN BT EVEL

LIQUID LEVEL ALARMS In THE lawST

TEMP INDICATION IN THE IRWST

LON FLOW ALARM

NORMAL OISCHARGE PRESSURE

CURRENT FLUCTUATIONS
LOW SUCTION PRESSURE

40 DETECTION UNTIL RCS INVENTORY DECREASES
DECRE ISES SELOM THE MIDLOOP.

LOW FLON ALARM

NORMAL DISCHARGE PRISSLRE

CURRENT FLUCTUATIONS
LOW SUCTION PRESSURE

LOW RCS LEVEL

FI1-302 & F1-30%
#-302 & #-30%
»-300 & P-30
1-306 & 1-307
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TABLE 2,4-3
TERMINATION POINT 2
Plant
Configuration Modes 4, 5 or 6
Initiators Loss of power
Current Applicable
Techrnical
Bpecifications LCO 3.8.1 - 3.8.8
Nevw Technical
Specification
Requirements See section 2.2
New Procedural
Reguirements See section 2.1
Recover
From Initiators See section 2.4.3.2 and 2.4.3.3.
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TERMINATION POINT 2
Plant Mode 4.
Coenfiguration RCS cold le¢ temperature less then 217°F.
IRWST Full.
Initiators Group I~1V.

Current Applicable
Technical
Bpecifications

New Technical
Bpecification
Reguirements

New Procedural
Requirements

Altexaative Support
Equipment /Systems

looavcri
From Initiators

RCS line break.

LCO 3.4.6
Two RCS loops or two SCS trains or any
combination of these to be operable. One
RCS loop or SCS train to be in operation.
LCO 3.5:1
Four BS8IT’s operable when pressurizer
pressure is greater than %00 psia.
LCO 3.5.4
IRWST operable.
LCO 3.6.6
Two CSS trains operable.
LCO 3.8.2 AC Power (Shutdown)
Two 81 pumps coperable.
None

None reguired.

DHR will be provided by sources other than
the SCS when the RCS pressure is above [500)
psig. During these conditions, the ECCS will
be operable. The SIS will be available by
automatic actuation down to RCS pressures of
400 psig (SIAS cutout pressure) and manually

to 317¢* F. The CSS is operable through out
Mode 4. Below ([500) psig Group I = 1IV
initiators can be mitigated per section
2.‘.301.
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TABLE 2.4-3
TERMINATION POINT 3

Plant
Configuration

Initiators

Current Applicable
Technical
Bpecifications

New Technical
Specification
Reguirements

New Procedural
Requirements

Alternative Bupport
Equipment /SBystens

lncovorx
From Initiators

Mode 4.

RCS temperature greater than 317°F,
IRWST full.

Group 1 =« II1 (for RCS pressure less then
ésca] 8ig)

rou v
RCS line break.

LCO 3.4.6
Two RCS loops or two SCS traine or any
combination of these to ve cperable. One
RCS loop or S8C8 train to be in operation.
LCO 3.5.1
Four §IT’'s operable when pressurizer
ressure is greater than 900 psia.
LCO 3.5.3
Two 8IS trains operable.
LCO 3.5.4
IRWST operable.
ILCO 3.6.6
Two CS88 trains operuble.

None
None
None required.

DHR will be provided by sources other than
the S5CS when the RCS pressure is above [500{
g:iq. During these conditions, the ECCS wil

operable. "he SIS will be available b
automatic actuation down to RCS pressures o
400 psig (SIAS cutout pressure) and manuall
to 317° F. The CSS is operable through ou
Mode 4. Below [500) fliq Group I =~ 1V
initiators can be mitigated per section
2+4.3,1.,
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TABLE 2.4-3
TERMINATION POINT 4

gg:?tqu:ttion

Initiators

t lppltcnblo

lpoo ; olttonl

gpacliicacion

New Procedural
Regquirements

Alt rnative lu
Equipment /Syst

Recove
From Initiacors

Time To Boil

Ol't

Mode 5

RCS n reduced inventory.
Nozzle dann nstalled.
IRWST full.

Grou? -1V,
RCE line break.

LCO 3.4,
Two SCf trains operable. One S$CS train
oporat ng
LCO J
T ogcr.blo with a maximum of two 818
trc n erab
LCO 3.8.2 AC Power (Shutdown)

Ono cs um ogcrabla
erable.
Hidloop vo t oporablo

Maintain shutdown cooling BC) flow rate near
the minimum required for D

Pumps
Cha gi mg.
Boric Acid Make-up pump.

Tanks
Safe ty 1 ction Tanks (SIT

nao L
Boric Acid Storage Tank (BAST)
chain inventor contral...

CS§ or S§1 pumps can be used tg inject
IR&ST water into the RCS to rc? n wator
cvo If these pumps are not functional

cntor control can be established
ng a charging pump or boric nc}d mwake~
ug pump by injecting BAST water into the

Regain DHR capability...

DHR can pe r-qai ed b uging the
redundant SCS ftrain on level l
recovered, If the redundlnt 8C pump
not functional DHR can be Oltl ichod
usxng the CS pump., If the CS pump is not
functional HR can be esta liahod by
feed and bleed using 81 pumps and opening
the SDS valves.

Approximately 10-15 minutes.
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TABLE 2.4-3
TERMINATION POINT 8
Pl
ca:,tcutlttoa Mode 5,
RCS *n reduced 1nvcnto§y.
Nozzle dans n?t installed.
RCS ¢l .o? (mid loop vent or RCP seals).
IRWST full.
Initiators Grou? I-1V.
RCS line break.
gur ent tppltoublu
ec t.
Specifications 1O 3.4.8
Two S8CS trains operable. One SCE& train
operating,
.CO 3.4,11
LTOP operable with a maximum of one SIS
train operable.
New :ghat al
Bpec cation
R rewents One CS pump operable.
Two S1 pumps operable.
Midloop vent operable.
Nev Procedural

Requirements

Altttnativo Support
Equipment /Bystems

loeovorl
From Initiators

Maintain shutdown cooling (8C) flow rate near
the minimun reguired for DHR,

Pumps, ..

Charqing gump.

Boric Acid Make~-up pump.
Tanks. ..

Saf?tv Injection Tarks (SIT

Boric Acid Storage Tank (BAST)
Steam Generators

Regain inventory control...
8C, C§ or SI pumps can be used to . ject
IRWST water into the RCS to regain water
evel. If these pumps are not functional
nventory ontrol can be established
using charging pump or boric acid make-up
ggp by injecting BAST water into the

chagn DHR capability...
DHR can be regained by
redundant SCS train. If the redundant SC
pump is not operable DHR can be regained
uaing the CS gump. 1f the Cs puqr : not
unctional HR can be established
nitially by reflux boiling, then by feed
and bleed using SI pumps and opening the
SDS valves,

usin the
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TABLE 2.4-3
TERMINATION POINT 6
Plngt
Configuration Mode 5.
RCS zoducod 1nv.ntoix.
Nozzle dams neot installed.
RCS op;n ilanway
IRWST full.
Initiators croug_l~1v.
RCS line break.
Current h’plicnblo
Tech 2 f‘
Bpecifications LCO 3.4
Two SCf trains operable. One SCS train
L60 gporat ng

lov echnical
t cation
rolcatl

New Procedural
Reguirements

Alternative Bupport
:plont/ly.tg:o

Recover
From Initiators

LTOP operable with a maximum of two SIS
trains operable.
LCO 3.8.2 AC Power (Shutdown)

GUne CS pump oporlblo.
Two S§1 pumps operable.
Midloop vent operable.

Maintain shutdown cooling &fC) flow rate near
the minimum required for DHR.

Pumps...
Cha ng
Boric Aci Mako-up pump.
nks...
Safety Inaoction Tanks (SITA
Boric Acid Storage Tank (BAST)
Steam Generators

Regain inventory control...

SC, CS, SC or SI punps can used to
inéoct IRWST water into the ncs to regain
er level. If these pumps are not

functional inventor control can
establ lh.d using char puu or boric
acid mak o-\ég pug’s’% by 1 %oc in AST \utcr
nto t can also used.
Regain DHR capahil ty...
DHR can be regained by usin the
rcdundant 8CS train. If the redundant SC
g is not operable DHR can be regained
uai g the CS pump. IF the CS pump 1s not
functional HR can be esta lilhcd b
reflux boili ing, or feed anc¢ bleed usin
CS or SI umps and utilizing the open
pressurizer manway.
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TABLE 2.4-2
TERMINATION POINT 7

1a
goagxgutlttoa
Injitiators
licabl
och t” e
poo a.ttono
hlt al
I cat cn
rement

Newv Procedural
Regquirements

cerna

Al t
Equipme

Recove
From In

tive & rt
ae/Sy.¥223

f!tntora

Mode 5.

RCS not in r ducog 1nvontory.
Nozzle dans nnta

IRWST ful

Groug I-1V,
RCS line break.

LCO 3.4,
Two BCf trains operable. One S5CS train
oporlt nyg

LCO 3.
LTOY o rable with a maximum of one Si§
train operable.

Two S1 pumps operable.

One CS pump available.
Midloop vent operable.

Pumps. ..
CS pump.
S1 pump.
Charging pump.
Boric Acid Make-up pump.
Tanks.
Safe ty Injection Tanks (SITL
Boric Acid Storage Tank (BAST)

Regain DHR capabilit
DHR can egained b usin the
redundant sce tra n., If the redundant SC
ump is not functioral DHR can be
cqain;d using the CS pump. If the CS

pump is not functional, DHR can be
established x eed and bleed using SI
pumps or util ng the open pressurizer
manway.
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configuration

Initiatore

Current Applicable
Technical
Specifications

Mew Technical
Bpecification
Reguirements

New FProcedural
Regquirements

Alternative Bupport

Equipment /Bystens

tiators
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TERMINATION POINT
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TABLE 2.4-2
TERMINATION POINT 9
Siﬁff ation #:g:o$in 1 empt
¢ £l ¥
o IRWST }uglpoo e
Initiators Group 1-1V
LOCA
Current ippltoablo
“‘ﬁt‘
pecifications Lco
f trains operable. One SCS train
oper.t ng
lov hni
I cat oa Two SI pumps operable.
remen
rocedural
:Oqul gr None.
alt nltlvo by ott
Equipment /Byst One CS pump available.
locovor!
From Initiators Regain DHR capability.
DHR can be rega nod usin the rcdundant
8CS train. If the is not

functional, DHR uan be ro nig;d using the
CS pump and S§CS heat exchanger. 1If the
CS pump is not functional, DHR can be
establ sho? using feed and bleed since
the IRWST 1s not fully drained.
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TERMINATION POINT 10

Flant
Configuration

Initiators

Current Applicable
Technical
Bpecifications

New Technical
Bpecification
Regquirements

New Procedural
Reguirenents

Alternative Bupport
Equipment /SBystens

POCQV‘GI'Y
From Initiators
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TERMINATION POINT 11

Plllt Mode 6.

Configuration Rcfuo)ing pool filled,
.actoi vessel head off.
ggo nternals removed.

ST empty.

Initiators Group 1-1V

RCE8 line break,.
t hppxionblo
Fahalte]
Spec cations LCO 3.9.4

;rcnon2"

New Procedural
loqu rements

“srnative Support
lq\tplon /Bystems

IOGOVO!I
From Initiators

For high water level, one B8CS§ train

opcrabl. and in operation.
LCO 3.9.5

For low water level,

operable and one in oporation.

Two SCS pumps operable.
One CS pump available.

Instrum-ntition...
Rotuoi
addit
Pumps. ..
Charging pumps.
Boric acid make-up pumps.
T.nk'l .
Boric Acid Storage Tank (BAST)

on to high and low level alarm.

Regain DHR capabilit
g L p y-

can be reg ainod b using

redundant SCS trnin ‘hc redundant
DHR can be

SCS pump is not functionnl
established by feed and bleeéd.

If DHR has been defeated due to an inter~
DHR can be regained by
matching boil-off using the charging
make~-up pumps

system LOCA,

umps or boric acid
njectinq BAST water.

two SC8 trains

ng Pool water level indication in

2.4-24
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2.4.3.2 System 804 AC Power Reliability
2.4,3.2.1 Introduction

This section presents the System B0+ features that increase the
availability of electrical power to supply the Class 1E buses and
the capability to restore power if the electrical source is
interrupted. The electrical distribution system provides redundant
and diverse sources o” power to the Class 1E buses during shutdown
modes and reduced in 2ntory in the reactor coolant system and
provides redundancy # 1 flexibility to insure re-energizing the
Class 1E buses is pos: ble if power is interrupted.

2.4.3.2.2 Discussion

Electrica) power sources need to be carefully managed during
shutdown operations to maintain a desired level of safety. This is
especially true during reduced inventory operations. Reduced
inventory requires heightened awareness to manage the risks of
maintaining an electrical source to the Class 1E buses and of
insuring an alternate source is available. The potential for a
complete loss of decay heat removal due to the loss of electrical
power is lowered when the electrical supply requirements for
shutdown modes and reduced inventory are managed properly.

The management and operation of these electirical sources will be
guided by Technical Specifications for shutdown operations and
reduced inventory. Technical Specifications will be written to
identify the minimum acceptable electrical distribution system
alignments for operating in shutdown modes and reduced inventory.
The operation of the electrical distribution syster during shutdown
modes and reduced inventory can be guided by procedures for normal
alignments and for aligning alternate electrical sources if normal
sources are interrupted.

The electrical distribution system design will provide flexibility
and redundancy to allow for the management of competing prioritiee
during shutdown. These competing priorities include the need to
perform maintenance cn electrical system equipnent versus the need
to have electrical sources available to provide power to the Class
1E buses.

The System 80+ electrical system cdesign (see Figure 2.4-5) provides
the redundancy and flexibility to insure the risks associated with
shutdown modes and re "=<ed inventory operations are lowered to
acceptable levels. +*is 1is accomplished by providing two
independent divisions of AC Electvical Power. Each division has
two 4.16 KV Safety Buses with three sources of electrical power,
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These three sources are:

1. Normal-~Pe manent Non-Safety Bus (PNS-Bus),
2. Alternate~Reserve Transformer and
3. Emergency-Diesel Generator.

The normal sour..e (PNS-Bus) of power to the Safety Bus has three
sources of electrical power. The three sources are: (1) Normal =
The division related Unit Auxiliary Tranuformer (UAT) being powered
from Switchyard Interface I through the Unit Main Transformer
(UMT), (2) Alternate - The divigion related Reserve Transformer
being served from Switchyard Interface I1I, and (3) Backup = the
Combustion Turbine.

Therefore, the Class 1E Safety Buses have the potential to be fed
from four different ultimate sources during shutdown modes and
reduced inventory operatione. These sources are:

1. Switchyard Interface 1,
2. Switchyard Interface 11,
3. Diesel Generator, and
4. Combustion Turbine.

This distribution system provides the shutdown manageme team with
the flexibility to perform shutduwn activities on «ource of
power to a division 4.16 ¥V Safety Bus and still m¢. :ain other
diverse sources of reliable electrical power to the ¢.1 KV Safety
Bus.

Along with the electrical system design features, the System 80+
Technical Specifications include shutdown modes and reduced
inventory operation Limiting Conditions for Opera%ions (L(COs). The
LCOs provide minimum acceptab'e electrical distribirtion aligrments,
Guidance is also provided by procedure to the operation staff to
insure available source alignments are identified whenever shutéown
activities are in progress. Add tiona) procedural guidance is
provided for aligning any available source(s) to the Safety Bus(es)
if power to the bus(es) ir interrupted. The procedire guidance and
Technical Specifications are provided in Sections 2.1 and 2.2 of
this report.

2:4.3.2.3 Concinusion

The System 80+ elictricai “istribution system dezign features
provide the necessary redun «ncy, flexibility, and diversity to
reducn the likelihood of losi ' decay heat removal due to a loss of
eiectrical pewer. The feal\.res of the design, the Technical
Specifications, and the procedure guidance allow shutdown
activities within certain limits and provide operational guidance
for system flexibility and assurance that a loss of the decay heat
removal is extremely unlikely.
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2.4.3.3 Bystem 60+ Diesel Generator Availability
2.4.3.3.1 Introduction

The availability of the Dieel Generator and the Diesel Loading
Sequencer to automatically start and load during shutdown modes of
operation is one of the issues identified in NUREG-1410. The
availability of the Diesel Generator instrumentation and control
eystem to provide reliable indications and automatic trip signals
for Diesel Generator protection during emergency operation (e.q.
automatic start while in shutdown modes); and the availability of
adequate information and indications to identify, diagnose, and
correct Diesel Generator opersational problems are significant to
the overall maintenance of d.cay heat removal as presented in
Section 2.4.3.1.

The Diesel Generator (DG) and Diesel Load Sequencer (DLS) provide
emergency power to the Class 1E buses during shutdown modes of
operation with the same methods used during pover modes of
operation. The Instrumentation and Control (I&C) system for the DG
provides signals to start the diesel for emergency operation,
applicable protective trips to prevent or limit damage to the DG at
all times and DG status to the Control Room and to the local

control panel, This status includes trip signals (alarms,
indications and recordings), parameter indications, and alarms for
abnormal parameters. Also, controls for starting, stopping,

synchronizing, ard loading the DG ure provided in the Control Reom
and at the local control panel.

¥:8:.3:348 Discussion

The Diesel Generator (DG) and Diesel Load Sequencer (DLS) need to
maintain a corsistent means of operation independent of the plant
operation con:ition. This ensures the operating staff is not
required to learn different operating schemes and therefore reduces
potentiel human error.

The System 80+ DG and DLS pruvides this simplicity of operation,
The DG is the 2mergency source of power to the Class 1E bus. The
DG and the DLS are available for operation during shutdown
conditions unless urdergoing maintenance. The Class 1E buses are
monitored for undervoltage and degraded voltage conditions., If
either condition is sensed, the DG is started and the DLS is
initiated (see Figure 2.4-6 copied from CESSAR-DC Figure 7.3-5).
For a loss of power to the Class 1E bus, the response of the DG and
DLS is not dependent on plant operational modes. Therefore, the
response of the System 80+ equipment provides the operator with the
same parameters and indication to be monitored whether shutdown or
operated at power. This design characteristic provides a basis for
consistency in operating procedures and operator training. This
eliminates the necessity of two sets of procedures dependent on
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plant operating conditions, It also eliminates extra recguired
training for the operation staff. (Detail on the Emergency Diesel
Generators can be found in CESSAR-DC Section 8.3.1.1.4).

The DG I&C system needs to ensure the diesel is protectes during
all modes of operation. However, certain protective trip: 2ed to
be bypassed during emergency operation.

The System 80+ Diesel Generator protection system provides
automatic trips to prevent or 1limi’ damags te the DG. The
protection trips provided during emergercy operation are:

1. "“ngin:. Overspeed,

2. Gererator Differuntial Protuction,

3. Low~Low Lube 0il Pressure, and

4. Generator Voltage - Controlled Overcurrent.

These trips are provided in accordance with Reg, Guide 1.9 Position
7. All other trips are bypassed during em¢rgency operation. (See
CESSAR-DC Section 8.3.1.1.4.4 for a compleie description of trips
bypassed during emergency operation). The protection circuitry is
dependent on the initiating signal and n»>t dependent cn plant
operational modes. The sensing of an undervoltage or degraded
voltage condition during shutdovn causes an autcomatic DG start,
activates the protective circuitry, and bypasses all non-emergency
trips. This circuitry allows for consistency in the operational
response to an emergency start of the DG independent of plant
operating mode.

The I&C system needs to ensure the operator ig informed of the DG's
operationzl status. This status includes param:ter indications and
alarms. The I&C systems need to provide controls to allow the
operator to star® and load the diesel tc provide pcwer to the Class
1E buses. T7This status and control scheme needs to be provided
iocally and in the con*rol room.

The System 80+ co.i. room is designated as the Nuplex 80+
Advanced Control Comun.ex («.C2), The Nuplex 82+ ACC presents the
operator with the infeormatior and controls necessary to complete
any tasks idertified in a t: sk analysis proce.s. The task analvsis
for DG operation identit .. the marameters, azlarms, and controls
required to ops ratc DG “ru.m the Nuplex 80+ ACC. This
identified status and .ntrol scheme is presented to the Control
~“m Operator on the ectr.cal Distribution Auxiliary Console.
presentation of this information ie accomplished in accordance

a structural ard hierarchiai rormat discussed in CESSAR-DC

Se.cion 18.7.1. This formatting provides the operator with
parameter displays, alarmu status, alarm categorization, and alarm
~ior ty. This meth i of information presentation provides the

-:NMteol Room Operator (CRO) with the tools necessary to monitor
‘nd/>r wiagnose DG status.
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The System 80+ local contrel panels for the DG provides the Plant
Equipment Operator with the same information and controls as is
available to the CRO. TIhe DG status information and control schere
on the local control panel utilizes the same Man-Machine Interface
(MMI) features used ) he Nuplex 80+ ACC, These features mect the
System 80+ human factors standards and guidelines.

2.4.3.3.3 Conciusion

The Systeu 80+ Diesel Generator instrumentation and control systems
design features provide starting signals for the DG and DLS
initiation and protective trip signals for DG emergency operation
and provide DG status information to the contrel room and local
control panel which allows the operator to operate, monitor, and
diagnose DG and DLS operation. These features of the System 80+
design enhance the operator’s interface with the emergency
equipment and reduces .ie potential of human error.

2.4.4 REBOLUTION

The issue regarding vulnerability during shutdown modes to a loss
of wvecay heat removal (DHR) is resolved for System 80+ by the
design features for the Shutdown Cooling System (SCS),
instrumentation and controls, electrical power distribution systen,
ne - *achnical specifications and procedure guidance described in
t =1 other sections of this report. These features demonstrate
F iced potential for significant radioclogical releases from

wddinc failure due to postulated events and radiological

. . froo a loss of DHR due to loss of SCS events. In
F:". <. ar, features of the SCS and electrical distribution systen
p. . 1t the necessary redundancy, flexibility and diversity to

aiga icantly reduce the likelihooa of losing DHR.
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2.5 PRIMARY/SECONDARY CONTAINMENT CAPABILLTY AND BOURCE TERM
2.5.1 I8SUE

This section addresses the ability of the containment to protect
the public from the consequences of a release of radiation during
the time the containment is oper .

This issue is related to events iritiated ‘n Mode 5 or 6 which have
the potential for radioclogical release. The events which will be
considered are the loss of decay heat removal capability initiated
by either a loss of shutdown cooling or by a loss of coolant caused
by either operator error or a pipe break.

Following a loss of decay heat remcval not the result of a pipe
break, a radiological release from an open containment can occur
when the time for the core to reach saturation is less than the
time to restore RCS cooling and, failing this, the additional time
to evacuate, close and isclate the containment. The time for the
coolant to reach saturation is a function of plant conditions at
the time the event is initiated.

Time to restore includes the time to detect that decay heat removal
has been lost plus the time to riostore either shutdown cooling or
initiate alternate means of cooling. Time to detect depends on the
instrumentation available to detect that Primary System cooling has
been lost., The time to restore decay heat removal depends on the
available systems and procedures,

Once Primary System cooling has been lost measures must be taken to
evacuate and seal the containment before the system begins to boil.
The time to close and isclate thes containment depends on:

Design, operation, condition and status of eguipment to close
penetrations, equipment hatches and personnel air-locks,

Procedures for routing material and lines through these
openings,

Traininy of personnel

Conditions of pressure, temperature and radiation within the
containment as the core uncovers.



77a.wp(9212)bh

2.5.2 ACCEPTANCE CRITERIA

The following acceptance criteria apply to the issue addressed in
this section:

1. Radiological exposure of the public to any event resulting in
a loss of decay heat removal shall be limited to a small
fraction of the limits stated in 10CFR100.

2. Radiological exposure to the public to any event resulting in
a pipe break shall be limited to the limit stated in 10CFR100.

2.5.3 DISCUSBION
2.5.3.1 Problem Formulation

At issue is the radiological exposure of the public,for events
leading to a release of radiation, while the containment is open.
The release will derond on the evente considered, the containment
integrity; e.g. acness areas open, and technical specifications and
procedures for closing the containment.

Conservative assumptions are made in the analysis that leads to the
time in which the containment must be closed such that radiation
levels for personnel inside the containment and at the site
boundaries are within limits of applicable acceptance criteria.
Conta.nment closure depends on conditions of pressure and
temperature within the containment following the start of the
event. These will influence the time to achieve containment
closure: pressure through the dose release rate outside
containment, and temperature through the limits on work time within
the containment.

The results are used to support recommended changes to technical
specifications and/or procedures.

2.5.3%.2 Containment Integrity

The integrity of the containment vessel is to ensure that the
release of any radiocactivity does not exceed the limits established
«n 10CFR100. Containment integrity is maintained in accordance
with Tecanical Specifications (TS) in Modes 1, 2 , 3, 4 and 5, with
reduced inventory, and Mode 6, with reduced inventory or core
alterations.

In Modes 1, 2, 3 and 4 the containment is required to be cperable
per TS 3.6.1 (Containment). Integrity exists when the items
defined in the Definitions Section of the Technical Specification
are satisfied., Additional Technical Specifications for containment
personnel locks and containment isolation valves provide specific
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actions and surveillance reguirements to ensure containment
integrity is not comprumised.

In Mode %, with the Reactor Coclant System (RCS) in reduced
inventory, and Mod: 6 during core alteration, or reduced inventory,
containment integrity is maintained in accordance with TS 3.9.3 and
3.10.5 (Containment Penetrations).

2.5.3.2.1 Integrity Recuirements
1...3.3.1-1 l“'. 1-4

Maintaining containment integrity in Modes 1-4 is accomplished by
ensuring compliance with Technical Specifications. Prior to entry
into Mode 4 from Mode 5, all surveillance requirements of TS 3.6.1
(Containment), TS 3.6.2 (Containment Personnel Locks) and TS 3.6.3
(Containrent Isolation Valves) are verified complete, in accordance
with the applicable procedures.

2.5.3.2.1.2 Mode 5

Mode 5 is divided into two operational conditions:
1. RCS Level above reduced inventory

2. RCS Level below raduced inventory

Entry into or out of these operaticnal conditions is controlled by
procnadures and Technical Specifications and require verification by
the Senior Reactor Operator.

2.5.3.2.1.2.1 RC8 Level Above Reduced Inventory

There are no Technical Spezification requirements on containment
integrity in Mode 5 when not in reduced inventory. Therefore
proceeding from Mode 4 to Mcde 5 does not reguire compliance with
Technical Specitications dealing with ceortainment integrity. It is
during this mode of operation that equipment for maintenance and
refueling outages, and support personnel, are moved into and out

of containment through the one eguipment hatch and two personnel
locks. Also during this mode the surveillance testing of countainment
penetrations is completed and verified in accordance with site
specific procedures.

2.5.3.2.1.2.2 RC8 Level Below Reduced I[nventory

In Mode 5 the RCS may be drained to facilitate install-tion of the
steam generator nozzle dams as well as other maintenance. Draining
the RCS to a reduced inventory level (>3 feet below the reactor
flange) reguires (through the Containment Penetrations Technical
Specifications) monitoring for any leakage of radiation through the
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penetrations. To maintain containment integrity, the equipment
hatch and one ¢f the two doors on each of the personnel locks must
be closed durirg core alterations.

2.5-3.2.1.3 Mode 6

The potential for fuel handling accidents in Mode 6 establish the
requirement that cortainment integrity be maintained. Thus the
equipment hatch and one of the two doors on each of the personnel
locks must be clesed during core alterations.

Entry from Mode 5 to Mode 6 may require verification of containment
penetrati:n status. Since Mode S has two ponssible operational
states, containmen. configuratior must be satisfied and verified by
the Senior Reactor Operator. Entry into Mude 6 from Mode 5 reduced
inventory operation requires monitoring of containment penetrations
for radiation leakage. Entry into Mods 6 from Mode 5, not at
reduced inventoiy,requires verification of penetration status.

2.5.3.2.2 System 80+ Containment Features
2.5.3.2.2.1 Buildiny Arrangement and Ventilation

e containment openings are surrounded by the Nuclear Annex
Building. Therefore, there are no direct openings to the outside
environment, and all leakage and air flow from cont. ‘nment openings
(perczonnel locks, equipmernt hatch, open penetrations) is exhausted
into the Nuclear Annex.

The Nuclear Annex Ventilation System (a non-safety grade system)
draws air from various points in the Nuclear Annex and exhausts to
the unit vent. If high radiation levels are detected by the system
radiation monitor, the exhaust flow automatically aligns to a
filter train. The filter train consists of particulate filters and
carbon absorbers to remove radiocactive material prior to exhausting
into the unit vent,

2:5:3%3.2.2.2 Personnel Locks

The personnel locks allow passage of the work force into and out of
the containment during all modes of operation. System 80+ has two
personnel locks; one at elevation 115+6 (Figure 2.5-1A), one at
elevation 14s8.

Each personnel lock is a right circular cylinder approximately 10
feet in diameter with a door at both ends. The locks form part of
the containment pressure boundary. Therefore, closure and sealing
of the locks prevents leakage of radicactive material.

The design and testing of the personnel locks ensures ite ability
to withstand pressures in excess of the maximum pressur2 following
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containment DBA., Closure of a single door assures containment
integrity.

Each of the doors contains double seals and local leakage rate
testing capability to provide pressure integrity. To effect a leak
tight seal, the personnel lock design uses pressure seated doors.
Any leakage passes into the Nuclear Annex.

Each personnel lock .s provided with limit switches on both docra
that provide control room indication of door position. The doors
are interlocked, to prevent simultaneous opening thus comgromising
containment integrity during Modes 1-4.

The normal alignment of the personnel locks during the various modes
of operation is listed in Table 2.5-1.

In Mode 5 with inventory greater than the reduced level (<3 feet
below the flange) both personnel locks can be only opened during an
outage when it is necee=sary to transfer equipment intc and out of
containment. Closure can be initiated by dispatching personnel from
the contrel room if containmerit integrity needs to be restored.
Closure of both doors can be accomplished within 10 minutes,.

2.5.3.2.2.3 Equiprent Hatch

The containment equipment hatch provides a means for moving large
egquipment and components into and out of containment. On System 80+
the hatch is 22 feet in diameter and located on the 146 elevation
(Figure 2.5.-1B). Normal alignment of the egquipment hatch during
the modes of coperation is listed in Table 2.5-1.

The hatch, when closed, is part of the containment pressure
boundary. Sealing is by mears of a double seal which is Type B leak
rate tested in accordance with 10CFRS50, Appendix J, prior to entry
into Mode 4.

The equipment hatch is removed following cleanup of containment
atmosphere and entry inte Mode 5, at full inventcry. The hatch
moves horizontally on a rail syst~m. This design allows the hatch
to be moved, allowing eguipment to be transferred in and out of
containment without interference. The rail system is designed to
minimize hatch movement thus reduce closure time.

The rail system utilizes a AC powered trolley. This AC power is
from a 1E bus which is normally supplied from offsite power through
the Unit Auxiliary Transformers. On loss of offsite power, power
can be supvlied from the Reserve Transformer, Emergency Diesel
Generatcer, or the Combustion Turbine. In the event of the failure
of all power sources the trolley system is designed to be operated
manually.
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Before proceeding to Mecde 5, at reduced inventory, or Mode 6,
reduced inventory, or core alteraticns, the equipment hatch must be
closed. With or without AC power closure time is less than one
hour.

After being set in place, the hatch is bolted. Technical
Specifications require that in Modes 1-4 all bolts be in place and
tightened., 1In Mode 5, with reduced inventory, and Mode 6, Tech
Specs require that [four) bolts be in place and tightened. This
minimum number of bolts is sufficient to secure the hatch so

that no visible gap can be seen between the seals and sealing
surface,.

The hatch is designed to be pressure seated. Thus any increase in
pressure inside the containment will act to seal the haten. 1In
addition any radiation leakage will be into the Nuclear Annex.

2:.5:3:2.2.4 Penetrations

There are (100] fluid system penetrations in the containment vessel.
Each penetration is provided with a means of isolation by the
Containment Isolation System (CESSAR-DC, Section 6.2.4).

Procedures, to meet Technical Specification surveillance
requirements, are provided for maintaining proper valve alignment to
ensure containment integrity, prior to entry into Mode 4, Mode 5 fat
reduced inventory) or Mocde 6, reduced inventory of core alterations.
In Mode 5, with the RCS level greater than reduced inventory, these
penetrations are leak tested in accordance with 10CFRS0, Appendix J.
Mis-alignment of the valves can result in leakage paths liwuited by
size of these normally small diameter (<.75% inches) valves.

2.5.3.3 Events Analyzed

The radiological release is a function of the mass of coolant
entering the containment either as subcooled liquid or steam. 1In
mode 5 this release can be the result of either a loss of shutdown
cooling (Section 2.4) or a LOCA (Section 5.0).

The release of radiation in Mode 5, at reduced ‘nventory, can be the
result of the events discussed in Section 2.4 leading toc a loss of
shutdown cooling. The most conservative assumption is events in
which the system is in a reduced inventory condition resulting in
the minimum time for the coolant to reach saturation. Per EPRI ALWR
outage guidelines, the earliest a plant will enter Mode 5, at
reduced inventory, is 50 hours after shutdown. For events leading
to loss of shutdown cooling the minimum time to reach saturaticn was
10.5 minutes. Core uncovery was reached 55 minutes after
saturation. The mass-energy releases for this event are listed in
Takle 2.5-2.
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For the LOCAs initiated from full invcntory, discussed in Section
5.3.5.1, a break in the DVI line of 0.4 ft* or less results in a
time to reach saturation of 1.7 minutes, a time to the initiate core
uncovery of 7.17 minutes and an additional time of 16 minutes for
the peak clad temperature to reach 2200°F. The mass-energy releases
are listed in Table 2.5~3.

Mode 6 events are all assumed to result from loss of shutdown
cooling and subsequent heating of the coolant to saturation. Per
the EPRI guidelines for ALWR outages the earliest a plant will start
refueling is 85 hours after shutdown. Decay heat consistent with
this time was assumed in calculating mass-eneryy releases in Mod¢ 6
(Table 2.5-4). The time to reach saturation, assuming an initial
temperature of 135°F, with this decay heat rate is 14.6 minutes with
an additional 125 minutes to core uncovery.

2.5.3.4 Acceptance Criteria

Per Section 2.5.2 Acceptance Criteria are based on limits to
radioclogical exposure to the public stated in 10CFR100. However,
radiation exposure and containment temperature will affect the
ability of utility personnel to close centainment within an
acceptable time. Acceptance criteria are stated to meet site
boundary limits c¢f 10CFR100 and for utility personnel, based on
utility guidelines.

2.5.3.4.1 Radiation Limits

Two limits on radiation levels will be considered;limits on exposu'e
to utility personnel working in the containment and site boundary
limits for release from the containment. These limits are used to
ertablish the time at which the containment must be closed to
prevent exceeding either the off-site or in-containment acceptance
linits.

2.5.3.4.1.1 Loss of Shutdown Cooling; Bite Boundary Limits
The acceptance criteria in Section 2.5.2 for Loss of Shutdown
Cooling refer to limits based on a fraction of the whole body dose
(25 rem) and thyroid dose (300 rem) mandated in 10CFR100. The
fraction selected is related to the event probability per reactor
year, or the event frequency.

The fraction is taken as 10% of the integrated whole body and
thyroid doses stated in 10CFR100 for two hour exposure;

Whole Body dose < .10 (25 rem) = 2.5 rem

Thyroid dose < .10 (300 rem ) = 30 rem
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2.5.3.4.1.2 Loss of Coolant Accidents; 8ite Boundary Limits

Par the acceptance criteria in Section 2.5.2 expesure to the public
to any event resulting in a pipe break are the limite stated in
10CFR100;

Whole Body dose < 25 rem
Thyroid dose < 300 rem
2.5.3.4.1.3 Limits on Utility Personnel

Routine containment closure does not require special precautiors
outside of routine radiation work permits which provides workers
with instructions on clothing required and the radiation exposurn of
the work areas. 1In addition the atmosphere both inside and outside
containment iz continually monitored for radiation levels. Maximum
levels are established to limit exposure to workers both inside and
outside containment and yet permit work to continue to mitigate the
effects of any accident and close the containment.

B:8:38.3:5:2 Air Borme Radiation

Equipment hat:h installation during an accident situation reguires
added precautions to protect workers from both internal and external
exposure while work is being performed and the containment is being
closed. Workers are protected fror external contamination by being
required to wear anti-contamination clothino. If airborne radiation
levels in the work area reach or exceed .25 MPC workers are required
to don one of the following types of Lreathing apparatus; forced
flow respirator supplied from a breathing air system, self-contained
breathing apparatus, full face cartridge respirator.

Work times for workers varies, depending on prior exposure history.
Quarterly exposure cl 520 MPCs nave been established as the limit at
which a worker will be required to exit containment. Each type of
self contained breathing unit has associated with it a pretection
factor which reduces internal exposure, per the fecllowving
relationship;

Received MPC * Hour = (Measured MPC*time)/Protection Factor

Protection factors and the c¢guivalent measured MPCs used for
determining the maximum time for utility personnel in containment
are listed in Table 2.5-5.

Radiation levels are measured locally. Thus times at which exposure
reaches unacceptable limits will vary with location within
containment. The acceptance limit serves as an indication of the
time limits based on radiation exposure.
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2.5.3.4.1.3.2 Who.e Body Radiation

Areas outside and inside containment are continually monitored for
radiation, Maximum whole body dose of 2.5 rems, 10% the 10CFR100
limits, is permitted tc allow work to continue to mitigate
consecuences of the accident.

2.5.3.4.2 Temperature Limits

A combination of environmental (temperatuie, relative humicity), and
work related (type of clothing, type of work) factors influence the
work time duration within containment, in addition to radiation
exposure. The temperature, as radiation exposure, varies with
location in containment. Thus, wcrk times based on temperature
limits will also vary. The acceptance criteria is not absolute but
serves as an indicator of the work time based on average containment
conditions.

Work times will also be influenced by the type of protective
clothing. NUREG 1449 notes an upper limit on temperature of 160°F
to avoid burning the lungs. However, a self contained breathing
pack will provide air at a breathable temperature for a longer
period of time.

Guidelines for the limits on the time in which work can be performed
in high temperature humid environments are established in
EPRI-NP4453 LRI. These "Stay Times" are based on an average, or
global, wet bulb temperature, adjusted for type of clothing (work
clothing without or with vapor barrier) =nd type of work

(light, moderate or heavy). At the containment initial conditions
of 100°F and 50% relative humidity, assuming no protective clothing,
maximum work times for moderate work is longer than two h-urs.
Wherei.s with protective clothing the time is reduced to about 60
minutes.

Acceptance limits on temperature will be assumed based on the
naximum times needed to closed containment in each of the modes and
events considered;

For Mode 5 luss of shutdown cooling at reduced inventory, and Mode 6
with loss of inventory due to boil-off, a minimum time needed to
close the personnel hatches of 10 minutes of moderate work is
assumed.

For Mode S LOCA, a minimum time of 60 minutes of moderate work is
assumed.
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2.5.3.5 Analysis

Calculations were done to predict pressvre, temperature and activity
within the containment for the Mode 5 and 6 events discussed above.
These calculations were done in two steps.

2.5.3.5.1 Thermodynamic Conditions

A lumped parameter nodal model is used to predict pressure,
temperature versus time for a given rate of mass and energy flow
into the containment. The model includes provisions for varying, as
a functicn of time, flow areas open to the ambient.

Mass and energy are conserved in the vapor spaca for both
condensible and non-condensibles components. The vapor space model
assumes:

1. Complete and instantaneous mixing of the flows,

2. Quasi-static equilibrium for temperature,

3. All constituents are uniformly distributed,

4. Dalton’s law applicable to find total pressure; containment
pressures is the sum of the partial pressures of the
non-condensibles and vapor pressure of the stean,

5. Ideal Gas law applicable for determining partial pressures of
the non-condensibles (air),

6. Steam partial pressures determined from steam tables, for both
saturated and superheated conditions.

The code models a sump for the accumulation of condensed water,
allowing for flashing of the water based on the temperature of the
water exceeding the saturat:on temperature, based on containment
pressure.

Heat losses to passive (walls) and active (fan-coolers) heat sinks
are included as opticns.

The method has been validated by comparison with the more detailed,
multi-node code, CONTRANS used for the detailed containment analysis
shown in CESSAR-DC Chapter 6. The main limitation, as compared to
CONTRANS, is in the representation of passive heat sinks by a slab
geometry, rather than the more representative, multi-node model.
This resuits in an over-prediction of heat remeval reculting in
lower containment temperatures. However, the present analysis
assumes no passive or active heat sinks, resulting in the maximum
values and rates of change of temperature and pressure with time
inside the containment.

The following nominal initial conditions are assumed in the
calculations;
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Containment volume = 3,377,000 7t°
Pressure = 14.7 psia

Temperature = 100°F

Relative humidity = 50%

Based on values for the open areas, the analysir predicts
thermedynamic conditions inside the containment versus time for the
mass flow rate and enthalpy release foi the Modes 5 and 6 events
(Section 2.5.3.3). The calculation starts (calculation time =0) at
the time at which the coolant reach.s saturation.

2:+8:9:8.2 Radiation Relzase

The amounts of activity inside and leaving the containment as a
function of time arz computed using results of the analysis for the
thermodynamic variables in the containment; e.g., containment steam
mass, pressure, temperature, integrated mass flow into the
containment and integrated steam and air flow leaving the
containment. The procedure calculates, for a given RCS activity:

1. Curies present in the containment,

2. Curies input to the countainment,

3. Integrated Curies into the containment,

4. Curies discharged out of the containment,

5. Integrated Curies discharged out of the containment.

The mocdel assumes perfect mixing in the containment of the incoming
RCS activity without assuming any benefit {rom decontamination
factors (DF=1). The amoun. of exiting activity is based on the
volumetric discharge of the air-steam mixture.

The assumption of no heat removal in the thermodynamic calculation
results in high values of pressure versus timne, resulting in a
conservatively high mass rate of flow though the open areas.

In determining atmospheric concentrations a two hour EAB dispersion
factor of 4.97x10™" was used (CESSAR-DC). Atmospheric releises were
calculated assuming no mitigating effect of the filters in the Annex
building surrounding the containment.

In calculating radiation limits for utility personnel a maximum
control room atmospheric dispersion factor of 2.0 x10™* was used
(CESSAR~DC) .

RCS specific activity for the events analyzed were taken as the
Technical Specification limits of a gross activity of (100/E)

2+.5=11
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microcurie/gram and a dose equivalent I-131 specific activity of 1
microcurie/gram.

2.5.3.5.3 Resvits

The calculation for activity, pressure and temperature starts at the
time the coolant ieaches saturation and continues, assuming no
recovery, through core uncovery.

The time limit of when containment must be closad is a function of
when acceptance criteria for radiation exposure to the public are
met .

The time available for closing the containment (closure window ) is
the difference between the acceptance criteria time limit and the
time when the event iz detected.

The earlieat time for detection (see Section 2.8 for detection
methods), resulting in the maximum closure window, is at the
initiation of the event (Figure 2.%-2). The latest time the event
will be detected is assumed to be when the coolant reaches
saturation. This results in the minimum closure window for closing
the containment. Closure times herein are conservatively based on
the minimus closure window.

The dose rates and containment temperature are functions of the open
area of the equipment and personnel penetritions and how long they
are open. Per Section 2.5.3.2, in Mode 5, with a full inventory,
both equipment and personnel penetrations are open, while in Mode 5,
with reduced inventory, and for Mode 6 reduced inventory or core
alterations, one door in each of the two personnel locks must be
closed but not sealed.

For Mode 5 analysis for the LOCA, assumes full inventory,thus
equipment hatches (380 ft°) and personnel locks (60 ft?) are assumed
open,to maximize release to ambient.

Mode 5, Loss of Shutdown Cooling, at reduced inventory fluid level
is at the mid-plane of the hot legs. For Mode 6 the fluid level is
assumed at the level of the upper flange. This analysis
conservatively assumes that both personnel locks (60 ft?) are openr.

The thermodynamic and radiation analyses were done assuming that the
equipment hatch and personnel lock areas remain open throughout the
calculation.

Times at which the open areas must be closed, based on the exposure
limits in Sections 2.5.3.4.1.1 and 2.5.3.4.1.2, are shown
schematically in Figure 2.5-3:
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1. For LOCA,limiting site boundary doses to; < 25 rem whole body, <
300 rem thyroid for a two hour period following start of the
release.

2. For loss shutdown cooling, limiting site boundary doses to; <
2.5 rem whole ' 1y, < 30 rem thyroid for a two hour period
following the 2ase.

The time available for utility personnel to complete containment
closure are based on the limits in Sections 2.5.3.4.1.3 and
2.5.3.4.2;

1. Limiting dose to utility personnel within containment of 520
MPCs,

2. Limiting utility personnel to a whole body dose < 2.5 rems,

3. Temperature limits inside containment based on minimum work time
of 1C minutes of moderate work for Loss of Shutdown Cooling
events and 60 minutes of moderate work for LOCA,

2:5.3.,5.3%.4 Mode S5: Loss-of-Shutdown Cooling at Reduced
Inventory

The mass-energy release for this case is listad in Table 2.5-2 (Mode
5, Loss of Shutdown Cooling). Results are shown in Figure 2.5-4.

2:59:,3:.8:3.3.1 Site Boundaries

The integrated two hour doses for both whole body and tyroid
exposures are below the acceptance levels;

Whole Body(rem) = .216 < 2.5 Thyroid -em) = 4.54 < 30

Thus the minimum closure window based on protection toc the public is
over two hours.

2.5.3.5.3.1.2 Utility Personnel

The MPC level at which breathing protection must be used is reached
almost immediately. The minimum closure window, based on the time
equivalent MPC level for full face cartridge protection, is about 89
minutes. With the next level of protection (forced air)} the MPC
level after two hours is, Maximum MPC after two hours =15.85 < 520

The whole body rem levels after two hours,for utility personnel, are
below the acceptance levels.

Whole Budy Dose (rems) = .087 < 2.5

2:5-13
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Containment temperature after about two hours is about 180°F.
However at the ten minute limit needed to close the personnel locks
the temperature is 109°F. Thic temperature is lower than the EPRI
temperature and humidity (120°F, 50% RH) limit needed for 10 minutes
of moderate work, providing work time of about 30 minutes in which
to close the personnel hatches.

2:5:.3.5.3%.2 Mode S5: LOCA

The mass-energy release for this case is listed in Table 2.5-3 (Mode
5, LOCA). Results are shown in Figures 2.5-5.

2+8:3:85:3:%.:% Bite Boundaries

The whole body and tyroid integrated doses after two hours are both
below the acceptance limits for a LOCA;

Whole Body(rem) = 1.35 < 25 Thyroid(rem) = 97.8 < 300

The minimum closure window, based on site boundary limits ia greater
than two hours.

$:5.3.5.%.2.2 Utility Personnel

The lower equivalent MPC leve) for full face cartridge is reached
almost immediately. However the maximum MPC levels with either air
supplied or self-contained unit are not attained during the two hour
period. Thus the minimum closure time wvindow is greater than two
hours.

Maximum MPC after 2 hours = 173.5 < 520

The rem levels for utility perrsonnel are below the acceptance
levels.

Maximum whole Body Dose after 2 hours = .54 < 2.5 rems

Containment temperature within the first 10 minutes of the LOCA
rises to about 170°F and then, due to the decrease in mass flow from
the break and increased flow out of containment, decreases to an
equilibrium value of 130°F. Based on the EPRI guidelines minimum
closure time window to close the containment would be less than the
time of one hour to close the equipment hatch.

2.5.3.5.3.3 Mode 6€: Refueling; Inventory Boil-Off

The mass-energy releases for this case is listed in and Table 2.5-4
(Mode 6, Boil Off of Inventory). Results are shown in Figure 2.5-6.

2.5-14
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2.5.3.5.3,3.1 Bite Boundary Limits

The two hour integrated release is below the acceptance limits for
both whole body and thyroid exposures.

Whole Body(rem) = ,227 < 2.5 Thyroid(rem) = 4.8 < 30

Thus the minimum closure window based on exposure to the public is
in excess of two hours.

2.5.3.5.3.3.2 Utility Personnel

The MPC level al which breathing protection must be used is reached
almost immediately. Th2 minimum closure window, based on the lowest
level of protection (face cartridge), is reached in about 86
minutes. The exposure limit with the next level of protection
(Forced Flow) is, after two hours,

Maximum MPC after two hours = 16.3 < 520

The whole body levels for utility personnel are beiow the accer.ance
level.

Maximum whole body dose after two hours = .(09%]1 < 2.5 rems

At the 10 minute point, the time set tn close the personnel hatches,
containment temperature is about 110°F. The EPRI guidelines allows
for 30 minutes of moderate work at thir temperature.

2.5.4 RESOLUTION

At issue is release of radiation to the public during the time the
containment is open in Modes 5 and 6.

Events in Mode § or 6 consiaered in which radiation may be released
include loss of shutdown cooling or loss of coolant.

The time in which the containment closure must be completed is based
on dose limits set by 10CFR100 and the rate of release for the
events considered.

The time to close the containment depends on: design, operation,
condition and status of equipment; procedures and training of
personnel in closing the containment. Conditions of pressure,
temperature and radiation within the containment influence the time
available for utility personnel to close the containment.

2:.5=19%
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8:8:4.1 Mode 5; Reduced Inventory (lLoss of Shutdowrn Cooling)

Results of the analysis show that the integrated two hour whole body
and thyroid doses are below the acceptance limits of 2.5 rem (whole
body) and 30 rem (thyroid).

Radiation and temperature within the countainment are within limits
to provide a 10 minute closure window needed by utility personnei to
close the containment.

2.5.4.2 Mode 5; Full Inventory (LOCA)

The analysis indicates that the integrated two hour whole body and
thyroid doses are below the acceptance limits of 25 rem (whole body)
and 300 rem (thyroid).

Internal radiation levels for utility personnel are within
acceptable limits provided either air supplied or self-contained
breathing units are used. Whole body dose is also within a~ceptance
limits.

Temperature within the containment are at levels that could limit
the time available for utility personnel to close the containment
within one hour. Thsz use of multiple crews would help but the
temperature levels could permit only short work intervals per crew.

The following should be considered to either decrease the time
needed to close and seal the equipment hatch and/or lengthen the
work time within containrment:

1. The use of fan coolers to decrease the maximum temperatures thus
permitting longer work periods,

2. Improved design of the equipment hatch to reduce the time needed
to close the containment,

3. A review of procedures and training with the objective of
redvcing the time needed to close the containment following a
LOCA.

2.5.4.3 Mode 6: Refueling Configuration (Inventory Boil Off)

Results of the analysis show that the integrated two hour whole body
and thyroid doses are below the acceptance limits of 2.5 rem (whole
body) and 30 rem (thyroid).

Radiation and temperature within the containment are within the

limits necessary for the 10 minutes needed by utility perscnnel to
close the personnel hatches in tue containment.

2.5-16
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TABLE 2.5-1
CONTAINMENT OPENINGS
Opening Area Normal Btatus
ft? Modes 1-4 Mode 5 Mode 5 Mode 6

>Reduce . <Reduced
Inventory Inventory

Equipment 380 Closed Open Closed Closed
Hatch

Personnel 30/Lock Closed Open 1 door 1 door
Locks (2) closed close

per lock per lock

TABLE 2.5-2
KASS-ENERGY RELEASE FOR MODE S LOSS OF SHUTDOWN COOLING
Time Mass Flow Enthalpy
{sec) {ibm/sec) {Btu/lbm)
0 0 0
025 i3.8 1162.8
1000 3.8 1162.8
3000 13.8 1162.8
3300 Time to reach core uncovery
10,000 13.8 1152.8
|
|
2.5-17




TABLE £.5-3

MASS~ENERGY RELEASE FOR MODE S LOCA

Mass Flow Enthalpy
{(lbm/sec) (Btu/l1lbm)
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TABLE 2.5-4
MAGS~-ENERGY RELEASE FOR MODE € INVENTORY BOIL-OFF
Time Mass Flow Enthalpy
{sec) {ibm/sec) (Btu/lbm)
0 0 0
1000 14,39 1150.5
4000 14,39 1150.5
6000 14.39 1150.5
7500 Time to reach core uncovery
10,000 14.39 1150.5
TABLE 2.5-5

PROTECTION FACTORS AND EQUIVALENT MPC
Type of Breathing Unit Protection Factor Equiv. MPC*

Full Face Cartridge 50 2.6 x 104
Air Supplied Forced Flow 2000 1.04 x 106
Self-Contained Breathing 10,000 5.2 x 10*6

* Based exposure limit of 520 MPC

o
»

“i9
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2.6 RAPID BORON DILUTION
2.6.1 18KUE

The issues of \he rapid boron dilution can be broken down iuto
three ~atencries as follows:

1. The introduction of deborated water into the RTE via Shutdown
Cooling System (8CS), which flows into the RCS through the
Direct Vessel Injection (DVI) lines, during maintenance of
inline componants.

2. introduction of a water nlu? intv the RCS during startup or
refueling operations, includiny a svecific example from NUREG~-
1449 (Reference 3). 1In that example, a lose of cifsite power
hag occurred and the charging pumps are returned on line,
powered by the Emergency Ciesel Generators. If tue plant were
in startup mode - i.e., deburation in pro,ress - the charging
purmps could continue to operate causing a "slug" of unborated
water to collect in the lower plenum of the reactcr vessal.
If it is then assumed that offsite power is restored and the
RCP’s are restarted, then a water slug of deborated water can
be injected into the core.

3. A potential boron dilution resulting from inleakage from the
secondary side of a steam generator during a SGTR event.

All the above issues will be addressed in the discussion and
resolution sections of this report.

2.6.2 ACCEPTANCE CRITEKIA

The acceptance criteria for the rapid boron Ailution event should
be consistent with the acceptance criteria that are necessary to
meet the relevant requirements of GDC 10, 15 and 26, Specifically,
these criteria are as follows:

1. Pressure in the reactor coolant and main steam systems should
be naintainecd below the RCS P/T limits (see Figure 3.4.3-1 of
Technical Specificatior 3.4.3) or below 110% of the design
value, whichever is less.

2. Fuel cladding integrity shall be maintained by ensuriny that
the minimum DNDR remains above the $5/95 DNBR limit for PWRs
ard CPR remains above the MOPR safety limit for BWPs based on
acceptable correlations (see SRP Section 4.4).

3. An incident of moderate frequency rlould not generate a monre
serious plant condition without other faults occurring
independently.
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4. An incident of moderate freguency in combination with any
sing.e active component failure, or single operator error,
shall be considercd and is an eveat for which an estimate of
the number -7 potential fuel failures shall be provided for
radiological dose calculations. For such accidents, the number
of fuel failures must be assumed for all rods for which the
DNER or CPR falls below those values cited above for cladding
integrity unless it can be shown, based on an acceptable fuel
damage model (see SRP Sect'o; 4.2), that fewer failures occur,
There shall be no loss of function of any fiesion product
barrier other then the fuel cladding.

The above criteria are the same requirements as the acceptance
criteria for the Inadvertent Boron Dilution (IBD) event as stated
in NUnEG-0800 Section 15.4.6, Reference 6, with the exception of
Item 5. This criteria states that the available operator action
time be 30 minutes for an IBD event during refusling conditions and
15 minutes for startup, cold shutdown and power operation., This
requirement is not applicable to a "vapid" boron dilution event.

2.6.3 DISCUBSION
2.6.3.1 Identification of Dilution Sources

A study was performed tu identify possible flow paths of non-
borated water which could potentially result in a vater slug being
injected into the RCS which subsequently finds its way into the
core. The results of this study are presenied in Table 2.6~1. The
study concluded that considering restrictions on operations (see
Section 7.1), the only source of non-borated water is the DVI
lines. The maximum slug volume was determined to be 60 FT'. The
study also considered the issues identified in Section 2.6.1. The
cenclusion as shown in the resolutions of Table 2.6-1 is that for
the System 80+ design, the scenarios defined by these issues do not
result in a po*ential source of a non-borated water slug.

2.6.3.2 Event Analyzed

As mentiored in Section 2.6.3.1, the only credible icurce of an
unborated water slug is the DVI lines, the volume of which is a
maximum of 60ft’, This event was thus analyzed to determine the
impact on the core and reactor coolant system. Table 2.6-2 list
the assumptions and initial conditions used in the analysis,

The water slug was assumed to be injected into the reactor vessel
via the DVI lines at the maximum flowrate of the 4 high pressure
safety injection (HPSI) pumps. After the water slug was injected,
a reactor coolant pump was assumed to start in order to
instantaneously flush the water slug through the reactor vessel
system and into th=z core.
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Table 2.6~2
Rapid Boron Pilutions Analysis-Assumptions and Initial
Conditions
Parameters Conditions
Case 1 Case 2
1 RCS Liquid Volume Mode %, Reduced Mode 3, Reduced
Inventory Inventory
(mid=-loop) (mid-loop)
2. RCS Temperature 210°F 572°F
3. RCS Pressure atmospheric 1250 psia
4. CEA Configuration N=1 N=1
8. RCS Boron 1% subcritical 1% subcritical
Concentration assuming ARO assuming ARO
6. Available Shutdown 7/6.5% AK/K 7/6.5% AK/K
Margin
I Water Slug Volume, 60 FT’, 0 ppnm 60 FT', 0 ppm
Boron Concentration
8. Water Slug Injection 4 HPSI Pumps, 4 HPSI Pumps,
Method Maximum Flow Maximum Flow
9. Water Slug 40°F 40°F
Temperature
10. 8ingle Fajilure * .

*No single failure will impact the event conseguences.
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2.7 FIRE PROTECTION
2.7.1 ISBUE

The risk of fire during shutdown operations is higher than when the
plant is in power operation. This increase in risk is due to the
presence of transient combustibles and ignition sources such as
welding, grinding, and cutting operations necessary to support
shutdown maintenance activities. Another risk is the reduced level
of fire protection for systems such as the shutdown cooling and
fuel pool cooling systems when the plant is in a shutdown mode,
resulting in a higher susceptibility of failure due to fire.

2.7.2 ACCEPTANCE CRITERIA

A defense in depth philosophy shall be employed in the des gn of
the fire protection system in order to reduce the overall shutdown
risk due to fire. The elements in this defense in depth philosophy
are:

1. Prevent a fire from occurring,
2. Promptly detect and suppress a fire,
3, Mitigate the consequences of a fire.

The fire protection features shall be independent from other
features or systems which are routinely taken out of service during
shutdown modes of operation.

2.7.3 DISCUSSION

For clarity the three elements of the defense in depth philosophy
outlined above will be discussed in reverse order. Only Division
1 of a system is discussed; Division 2 is identical to Division 1.

2.7.3.1 Mitigation of Fire Consequences
DIVISIONAL SEPARATION

Shutdown Cooling System components for each division ave completely
separated from each other with 2-hour rated fire barriers with no
communicating openings (see CESSAR~DC Figure 9.5.1-2 reproduced
here as Figure 2.7-1). All penetrations within these barriers are
sealed with assemblies that are qualitied %o maintain the integrity
of the 3-hour rating. This assures that &~ fire irvolving ocle
division of Shutdown Cooling Systenm coronents will not affect the
redundant division.
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INTERDIVISIONAL BEFARATION

Within each division, the containment gpray pump and the shutdown
cooling pump can be interchanged with each other. These pumps can
be used interchangeably with valve manipul¢tions guided by approved
procedures. For each division, the shutdown cooling pump is
separated from the containment spray pump with 3<hour rated fire
barriers and 3~hour rated fire doors for openings. The valve which
allows switchover from one pump to the other is located in a
separate fire area. This will enable operators to make the
switchover without being exposed to a fire involving either the
Containment Spray or Shutdown Cooling Systems. Finally, the
containment spray pump is powered from a safety bus separate from
the shutdown cooling pump. The safety buses are separated from
ewch other with 3~hcur rated fire walls. For example, the Division
1 Safety Bus A is located in Fire Area 65 and the Division 1 Safety
Bus € is located in Fire Area 70 (see CESSAR-DC Figure 9.5.1-3
reproduced here as Figure 2.7-2).

This interdivisional mechanical and electrical separation assures
the coperating of shutdown cooling can be maintained if a fire
occurs concurrent with the redundant divis_.on being out of service.

2.7.3.2 Detection and Suppression of Fires
DETECTION

Fire Area 138 contains the Division 1 containment spray pump and
heat exchanger and Fire Area 41 contains the shutdown cooling pump
and heat exchanger. These arvas were evaluated during the recently
completed System 80+ Fire Hazards Assessment. This assessment
considared the fixed and transient combustible loads in these areas
and the importance of the components to plant shutdown. Both areas
will be equipped with full area coverayge ceiling mounted ionization
smoke detectors. These detectors provide an early warning alarm at
the central fire alarm console in the event of a fire. Detector
location and spacing is based on enginesering analysis to optimize
detector effectiveness. This analysis will be referenced in the
System 80+ Fire Hazards Analysis to b2 completed later in the
design process.

The detection system is highly reliable and will be kept in service
at all times, even during shutdewn modes of operation,

SUPPRESBION

The System 80+ Fire Hazards Assessrent concludes that a fixed
automatic suppression in the form of automatic sprinklers is not
warranted. This is due to the miriimal combustible loadinas in
these areas. This will be verified later by engineering analysis,
which is similar to the analysis for detector layout and location,
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and will be referenced in the System 80+ Fire Hazards Analysis to
be completed by the plant designer before operations.

Portable fire extinguishers and fixed manual fire hose stations
provide manual fire fighting capability. The fire hoses are
supplied from a dedicated fire protection water supply. Because of
the fire barrier arrangement discussed previously, manual fire
fighting activities can be accomplished without exposing either the
redundant division equipment or interdivisional equipment to the
effects of smoke or hot gases from a fire.

MANUAL FIRE FIGHTING

A fully trained and equipped on-site fire brigade would provide
fire fighting activities for the System 80+, (See CESSAR-DC
Section 9.5.1.9.3.) The brigade would be thoroughly familiar with
the plant layout and will conduct sufficient fire drills and fire
pre-planning to effectively control and suppress any credible fire,
A documented pre-fire plan which outlines the necessary fire
fighting strategies, will be prepared prior to plant start-up.

MAINTAINED LEVEL OF FIRE PROTECTION

The System 80+ fire protection system is not degraded or reduced
during plant shutdown. There will bs no reason to breach the five
boundaries, interrupt the detection system, or impair the fire hose
(standplipe) system. All of these features are provided
specifically for fire protection and are not shared with or
dependent on any other systems or features.

2:%:5:3 Pievention of Fires

Prevention is the most important element in the defense in depth
philosophy. When this element is successful there is no need to
employ the other elements, To facilitate the implementation of
this element, work place procedures and guidelines will be
established by the owner-operator based on guidance provided by the
plant designer. Procedural guidance would include control of
combustibles, housekeeping, and control of hotwork, The
preparation of these procedures will consider those areas in which
a fire during shutdown modes of operation could pose a risk. The
procedures will include requirements to reduce the risk of fire
ignition during shutdown. For example, the control of combustibles
procedure may establish a maximum amount and configuration of
combustible materials that may be left unattended in any of these
areas. This will not be based solaly on an arbitrary "“good
engineering practice" approach, but will consider the amount of
combustibles necessary to result in a fire that could cause
unacceptable damage. The control of hotwork and houctekeeping
procedures will be developed by the owner-operat and implemented
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80 as to not place unnecessary restrictions on shutdown maintenance
activities, yet will provide a high level of fire prevention.

2.7.4 REBOLUTION

The fire protection features provided by the System 80+ design are
consistent with the acceptance criteria outlined in Section 2.7.2.
These features will significantly reduce the risk due to fire
during shutdown operation to an acceptable level. The combination
of fire protection features resulting from employing t. o defense in
depth philosophy will minimize the potential for fi+s damage to
systens required for shutdown operations.

This issue has been resolved by the design features of System 80+,

e e e
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2.8 INSTRUMENTATION
2.8.1 IBSVE

Over the past several years, industry and regulat ry concern with a
loss of shutdown cooling has increased. Despite an omphasis on
improved shutdown procedures, the frequency of some incidents has
not been reduced, particularly for losses of shutdown cooling during
mid-loop operations. Furthermore, the effects of a loss of shutdown
cooling are more serious than originally realized. The Nuclear
Regulatory Commission (NRC) has requested responses to several
design issues related to Nuclear Steam Supply Systems (NSSS)
operations while on shutdown cocling; specifically during reduced
inventory operations.

Operators have, in many cases, had difficulty in determining plant
parameters and eguipment status during depressurized, shutdown
conditions. This is due to the amount and quality of i~“armation
available being marginally adequate or inadequate for prevention,
recognition and mitigation of abnormal conditions in a timely
manner. In particular, this information includes the reactor
coolant system water level, reactor core exit temperature, and
performance of decay heat romoval systems.

Losses of shutdown cooling can be partially attributed to
misleading, inaccurate, or erroneous vessel level indication,
particularly when vessel coolant level is lowered to within the hot
leg between the level required for steam generator nozzle danm
installation and the level required to prevent vortexing in the
shutdown cooling suction line. Refer to Figure 2.8-1. Providing an
adeguate fluid level in the hot leg above the level at which
vortexing occurs will ensure that the shutdown cooling fluid will
not entrain air. This scenario has been a contributor to the loss
of shutdown cooling due to pump cavitation.

The NRC has recommended that advanced reactor designs include an
enhanced instrumentation package which assures:

1. that reduced inventory operations can be accurately and
continuously measured. For example, accurate
instrumentation can establish reactor coolant level anyt.me
during the draindown process. Accurate level measurement
can assist in differentiating between the anticipated
dynamic effects of the draindown process and additional,
unintended inventory losses; and

2. that a loss of decay heat removal event during reduced
inventory operations can be readily detected. This ensures
a timely response to a loss of shutdown cooling event. The
instrumentation should "provide reliable indication of
parameters that describe the state of the Reactor Coolant
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3. We expect both audible alarms and a panel indicat.on when
conditions exist which jeopardize continued operation of a
DHR system, as well as when DHR is lost,

4. The low limit of level indication must be below the level
necessary for operation of the DHR system. Level
information is necessary under loss of DHR conditions since
it provides an indication of core coverage and ... of the
time to core uncovery. It is also useful in mitigating the
loss of DHR accident."

Section 2.8.3.2 of this report contains the description of the
System 80+ instrumentation package for reduced inventory operations,
including:

- the moriitcred parameters,

- instrumentation ranges and accuracies,

- alarm setpoints,

- instrument availability,

- display and monitoring capability, and

- guality assurance.

A summary of the System 80+ design features which meet each of the
above mentioned NRC recommendations for instrumentation are provided
in the fellowing.

2.8.3 DISCUSSION
2.8.3.3 Instrumentation Design Baais

To effectively monitor the draindown vrocess to mid-loop via System
80+ enhanced instrumentation, information obtained from plant
analyses forms the basis for the instrument’s design requirements.

Instrumentation specified for reauced inventory operations is based
on analyses in the following areas:

- operations from a solid plant to mid-loop conditions (which
define dynamic draindown characteristics);

- instrumentation features which will reduce the likelihood of
operator error during shutdown operation;

possible ways in which shutdown cooling can be lost while
the plant is in a reduced inventory condition;
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- flow dynamics of the shutdown cooling system (SCS),
including those which contribute to vortexing;

- the plant response to losses of shutdown cooling, due to
various initiators, including RCS thermal hydraulic effects
and manometric effects; and

- mitigation planning aimed at the reinitiation of shutdown
cooling, delaying the onset of boiling, and delaying core
uncovery.

The design goals of the instrumentation package are to provide:

prevention - enhanced monitoring capabilities for prevention
of a complete loss of SCS operation, and

mitigation ~ the timely response to a loss of SCS.

These goals have been achieved with the design features of the
System 80+ instrumentation described in the following.

2.8.3.2 Instrumentation Description

Table Z.8-1 describes the instrumentation package for reduced
inventory operations included in the System 80+ design. Additional
d: zails are provided below.

£.8.3.2.1 Level

Four unique sets of instruments are provided for the measurement of
level during RCS draindown and reduced inventory operations. These
instruments make up the refueling water level indication system.

The first set of instruments is a pair of wide-range, dP-based level
sensors. These sensors are provided to measure level between the
pressurizer and the junction of each SCS suction line with the RCS
during draindown operations., Another pair of dP-based level sensors
is utilized to determine RCS water level once it is within the
reactor vessel. These narrow-range level sensors function to
measure level between the direct vessel injection (DVI) nozzle and
the junction of the SCS suction lines with the RCS.

One wide-range and one narrow-range dP instrument are connected to
each SCS suction line. Separate lower level taps are provided for
each instrument. See Figure 2.8-2. Because of the location of the
upper level taps, each of these dP instruments will operate with, or
without, the reactor vessel head in place.

In addition to the dP-based instruments described above, two heated-
junction thermocouple (HJTC) systems will also be available for
reactor vessel level measurement during Mode 5 reduced inventory
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operations. The first system displays the output from the two
inadequate core cooling probes which are located inside ti.e reactor
vessel. The range of these probes extends from the reactor vesse.
head to the fuel alignment plate (See Figure 2.8-3). The
measurement of RCS water level via these probes is limited only to
those periods when the reactor vessel head is installed.

A second HJTC system provides narrow~range level indication for mid-
loop operations via measurement of reactor vessel water level in the
hot leg region. This system displays the output from two HJITC
probes specifically designed with thermocouples clustered in the hot
leg region (see Figu e 2.8-4). The benefit of this cdesign is that
it permits very accurate measurement when the reactor vessel is in
the hot legs.

The HITC systems compensate for the flow gradient across the core
associated with the operation of only one SCS suction line. The
HITC instruments are located in areas of the core which minimize the
effect of the: core outlet nozzles. The HJTC sensors have an
accuracy and response time consistent with the maximum draindown
rate of the RC5. The HITCs are designed so that instrument signal
and power are transmitted on individual electrical conductors.
Failure of one HJTC sensor will not result in a loss of signal from
the remaining sensors. The measurement of RCS water level via these
probes is limited to those periods when the reactor vessel head is
installed.

The use of both wide-range and narrow-range &P instruments, and two
pairs of HJTC probes for refueling water level monitoring provides
highly reliable, redundant, and independent indication of reactor
vessel water level. Overlapping instrument ranges provide
continuous draindown measurement from the pressurizer to a level
below that necessary for SCS operation. Since this level
instrumentation is independent, common mode misoperatic., or
failures due to dynamic effects, will not be masked.

Each independent level instrument provides a suitable measurement,
and is accurate, for its intended range of use. For mid-loop
operations, the narrow-range HJTC probes provide accurate level
measurement to within one inch of vessel level. This is critical
since there is a very narrow margin between the RCS water level
necessary for nozzle dam installation, and that reguired to prevent
SCS pump cavitation. The refueling water level instrumentation is
displayed and alarmed in the control room because of its importance
to plant safety.
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current (as indicated by SCS/containment spray system (CSS) pump
motor current), loss or reduction in shutdown cooling flow (as
indicated by the shutdown cooling system flowrate), insufficient
pump NPSH (as indicated by the pump suction pressure sensor), or
indication of rising RCS level (as water is displaced by the air and
vapor in the shutdown cooling system). If a pump gives indications
of air ingestion or cavitation, alarms will prompt the operator to
stop the pump immediately. As detailed in Section 2.8.3.2.5,
shutdown cooling panel displays will include valve lineup
information for critical shutdown cooling flowpaths.

2.8.3.2.4 Quality Assurance

The fellowing instruments are designated as safety related and
therefore within the scope of environmental qualification and
guality assurance.

- core exit thermocouples
- hot leg resistance temperature detectors

- refueling water level temperature sensor (unheated
thermocouple)

- refueling water level instrument {ICCI heated junction
thermocouple based design)

- shutdown cooling flowmeter

- shutdown cooling heat exchanger inlet and return li.e
temperature sensors

- shutdowr cooling valve position indicators

The satety related designation of these instruments is a consegquence
of their required functions in other plant modes of operation,
including for some, inadequate core cooling. The CENP Quality
Assurance Program designates items which are safety-related as
Quality Class 1 equipment, and therefore, are subject to the highest
level of quality activity.

Enclosure 2 to Reference 4 states: "...we will accept the following
for resolving the items identified in the letter: ..... (2)
reliable equipment in lieu of the comparable safety grade
classification ...." The CENP Quality Assurance Program designates
items which are not safety-related but nevertheless require a high
level of quality activity, as Quality Class 2 egquipment. 1In this
case, where reliable and accurate instrumentation is reguired for
reduced RCS inventory conditions, designating the instrument as
Quality Class 2 requires that a quality program be implemented that
assures that guality is commensurate with intended use. In the

2.8-7



Dispiay and Moni




2k

77a.wp (9212)bh

1. Major system and component statuses shown on an overview
schematic which are representative of the current operating heat
transport systems,

2, Alarms to aid the operator in quickly identifying the location
of important status information,

3. Deviations from control setpoints and identification of
improving or degrading trends to improve the operator’s
awareness of plant conditions, and

4. Key representative parameters (e.g., RCS temperature and reactor
vessel level).

Alarm windows are provided for plant critical functions:

- Reactivity Control - Electrical Generation®

- Core Heat Removal - Heat Rejectiont

- RCS Heat Removal - Jontainment Environment
Control

- RCS Inventory Cont. - Containment Isolation

- RCS Pressure Cont. - Radiological Emissions Control

- Steam/Feedwater Conversiont
*For power production only

Nuplex 80+ alarms are mode-dependent and equipment dependent to
ensure their validity for different operational conditions. For all
modes, including shutdown and refueling conditions, individual
sensed process parameter values and alarm states are used to
determine critical function alarms, either directly or as processed
by an algorithm that uses more than one (1) process parameter input.
In either case, the operator quickly is made aware of the affected
critical function(s). For example, a high core exit temperature
alarm state would be used as an input to the Core Heat Removal
critical safety function alarm during a loss of shutdown cooling.

The systems represented on IPSO are the major heat transport
pathways and systems that are required to support the heat trarsport
process. These systems include those that require availability
monitoring per Regulatory Guide 1.47, and all major success paths
that support the Plant Critical Functions.

The following systems have dynamic operating status representations
on IPSO. Their identifying descriptors on the IPSO display are
shown below:

cC =~ Component cooling water
CD =~ Condensate

I =~ Containment isolation
cs = Containment spray
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cw - Circulating water

EF = Emergency feedwater

Fw =~ Feedwater

IA =~ Instrument air

8C =~ Shutdown cooling

RC =~ Reactor coolant

81 =~ Safety injection

W =~ Service water

™ -~ Turbine bypass

8D -~ Safety Depressurization

System information presented on IPSO includes system operational
status, any change in operationa) status (i.e., active to inactive,
or inactive to active) and the existence of alarms associated with
the system. Alarm information on systems helps to directly inform
an operator about possible underlying causes of critical function
alarms. The IPSO display, as well as all display pages, is also
available at any data processing system CRT, which includes control
room panels, the control room supervisor’s desk, assistant operator
workstations, and the technical support station.

2.8,3.,2.5.2 Alarm Tiles and Associated Alarm Messages

Alarm tiles are displayed on electroluminescent flat panel displays
in the Discrete Indication Alarm System (DIAS). These tiles are
functionally grouped and located on the appropriate control room
panel. Shutdown cooling system alarm tiles are located on the
Engineered Safety Fcatures panel. This panel includes the controls
for Safety Injection, the Safety Injection Tanks, Shutdown Cooling,
Reactor Cavity Flood, Safety Depressurization, Emergency Feedwater,
Containment Spray, IRWST, and Containment Isolation. Individual
alarm inputs to the shutdown cooling alarm tiles include (for each
train;:

- low shutdown cooling pump header pressure

- low shutdown cocling flow

- high shutdown cooling heat exchanger outlet temperature

- shutdown cooling pump motor current deviation

In addition, this panel will have a tile for RCS conditions, with
individuval inputs for shutdown, depressurized conditions:

- low RCS water level
- high core exit temperature

- low refueling cavity level

2.8+10
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Tc ensure alarm validity, all NUPLEX 80+ alarms are mode and
equipment status dependent, and signal validation of inputs is done
wvhere multiple signals of the same process parameter exist. These
features eliminate nuisance alarms and help ensure a true "“dark
board" when alarms do not exist. These features enhance operator
diagnosis of alarms when they do exist.

When alarm tiles in DIAS are acknowledged, the operator is presented
with a DIAS display with alarm messages showing which of the alarm
tile inputs caused the alarm.

2:8:3:2:8:) Discrete Indicators

Discrete indicators are provided on the NUPLEX 80+ control room
workstations to provide the operator with information that (1) is
frequently used to assese system level performance, and (2; allows
continued operation if the pData Processing System should become
unavailable. Discrete indicators use validated process parameter
inputs where multiple process parameter measurements exist, and
include trend information for routine monitoring, and diagnosis of
abnormal conditions. Where analog data is composed of different
ranges of information, DIAS automatically shifts to the appropriate
range, and indicates to the operator that a range change has
occurred.

Discrete Indicator displays to support shutdown cooling for key

parameters are on the Engineered Safety Features panel. These
incluae:

Shutd 001 ] : .
- inlet temperature

- cutlet temperature

- pump header pressure

- flow

- heat exchanger inlet temperature
- heat exchanger outlet temperature
- pump motor current

Reactor Coolant System

- pressurizer level

- reactor coolant system level

2:.8-11
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- pressure
- core exit temperature

- refueling cavity level
2.8.3.2.5.4 CRT %isplay rages

CRT display pages contain, in a structured hierarchy, all the System
80+ plant information that is available to the operatoci. The CRT
pages are useful for information presentation because they allov
graphic layouts of plant processes in formats that are consistent
with the uperator’s visualization of the plant. 1In addition, CRT
formats are designed to aid operational activities of the plant by
providing trends, categorized listings, messages, operaticnal
prompts, as well as alert the operator to abnormal processes.

The IPSO display page forms the apex of the NUPLEX 80+ CRT display
page hierarchy. Three levels exist below IPSO: general monitering,
system/compornient control, detail/diagnostic. Each level of the
hierarchy provides an information content desigred to satisfy
particular operational needs.

The CRT displays are provided by the Data Processing System (DPS) .
Any display page is available at any CRT. Operator acknowledgement
of CRT alarms also acknowledges the same alarm in DIAS (and vice
versa). The CRT alarm actuation message indicates the cause of the
alarm, similar to DIAS.

The shutdown cooling system will be shown on a Levei 2 display, with
more detailed information on two Level 3 displays, one per shutdown
cooling train. These displays will include all necessary
information to clearly describe the status and performance of the
system. This includes system mimic, component activity (e.g.,
on/off or cpen/closed) component controllability (e.q., key valves
locked open or closed), system parameters (e.g., temperature,
level), and system/component alarms. The Level 2 display will
include reactor cooclant system level and core exit temperature to
integrate the shutdown cooling and RCS status for this display. The
RCS is also presented on a separate Level 2 display.

2.8.3.2.5.5 Component and Process Control Indicators

NUPLEX 80+ component control features (e.g., actuation/switches/
controls) provide the primary method by which the operator actuates
egquipment and systems. The shutdown cooling system controls are
functionally grouped within a system mimic on the Engineered Safety
Features panel. At that panel, shutdown cooling system control is
integrated with DIAS alarm tiles important to shutdown cooling and

2.8-12
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with CRT display of the shutdown cooling system. Controls, alarms
and CRT displays for other systems applicabie to shutdown
operaticns, such as componen{ cooling water and safety injection,
are availab.e at that panel as well.

2.8.3.2.5.6% NUPLEX 804 Alarm Characteristics

There are a number of special features in the design of the :.UPLEX
80+ alarm system that support operator diagnosis of alarm
conditions and that would be particularly supportive of
depressurized, shutdown operations. These are:

1. Modi and Equipment Status Dependency
2. Audible Alarm Information

3. Stop Flash Feature

4. Operator Established Alarms

5. Operator Aids

In addition, the categorization of all alarms is considered in the
bases for alarm display location. For instance, alarms that
indicate approach to potential equipment damage, but do not affect
critical function or success path sta*tus, are presented only on
alarm tiles. These would not be included as input to alarms shown
on IPSC.

A key feature to aid operator navigation in the CRT d.splay page
hierarchy also includes alarm categorization to assist the
operatoer. This feature, the "display page menu", is on each CRT
displuy page. The menu indicates alarms exist in various sectors
of the hierarchy, aad depending on the sector. the operator can
distinguisl, between lower level alarms that are critical function
or success path related, and those that are not (e.g., perscnnel
hazard, or equipment damage).

By displaying critical function alarms, success path alarms,
personnel hazard alarms and equipment damage alarms on unigque
display locations, the operator can rapidly determine the type and
relative significance of alarms. For example, an Inventory Control
critical function alarm, without a concurrent Volume Contiol
success path performance alarm immediate.y suggests that inventory
may be decreasing due to a nen-success-path cause, such as a
coolant leak, in which case indication for IRWST level, and
containment temperature, pressure and humidity would be immediately
checked by the operatocr. Similar distinctions can be made by the
operator for single or multiple alarm conditions to assist the
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operator in quickly establishing needs and priorities for operator
action,

2.8.4 RESOLUTION

The 1ssue of instrumentation for shutdown operation is resolved on
System 80+ by the instrumentation and control room displays
described in the previous sections of this report. This
instrumentation will meet or exceed the recommendations of Generic
Letter B8~17, and will significantly reduce risk associated with
operations during shutdown, particularly when the reacter is in a
reduced inventory condition, as long as prior to the start of
d-aining the redvced inventory instrumentation is placed into
operation.

The NUPLEX 80+ Advanced Control Room Complex provides an overview
display, indicators, CRT displays, and alarme that meet the
acceptance criteria in Section 2.8.2. Indication and alarms are
provided on discrete indicators, alarm tile windows and CRTs for
RCS level and temperature. In addition, shutdown cooling system
status and performance is monitored on CRTs. Shutdown cooling
system performance is alarmed on IPSC, alarm tile windows and on
CRTs. Also, all alarrs are processed for their individual effect
on plant critical functions such as reactivity control, core heat
removal and RCS heat removal.

2.8-14
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foni tored
Parameter

RCS Water level

RCS water Level

RCS water Level

RCS water Leve!

1n6t rument
L5 —

Refueling water
Level Indication
System (0P based
design)

Refuel ing wWater
Level Indication
System (1CCI
BITC system)

Retfueling water
Level Indicating
System
(clustered WJTC
design)

Refuel ing water
Level Indication
(P based
design)

TABLE 2.8-1
REDUCED INVENTORY
Instrument
Function Range
Cont inuous , Wide Range: two
redundant wide instruments,
range RCS water each with a
level indicstion tap at hot leg/
during draindown $CS swetion

operstions,

independent
continuous leve!l
indicetion in the
reactor vessel.

Independent ,

cont inuous ,
narrow-range level
indication in the
reactor vesse!l.

Cont inuous,
redundant narrow
range level
indication during
reduced inventory
operations,

2.8-~15

Line interface,
reference leg
et top of
pressurizer,

Top of the
vessel down to
the fuel

&l igrment
plate,

Top of the
vessel down to
the fuel

a8l ignment
plate.

Narrow range:
two
instruments,
earh with a tap
8t SCS suction
line/ hot leg
interface,
reference leg
at DVI nozzle

Indication e
Alsre Locetion

Control Room,
with low and
low-low level
elarms,

Control Room,
with low and
low-low level
alarms,

Control Room,
with low low,
low, high and
high-high level
alarms.

Control Room,
with low and
{ow-low level
alarms,

Highly reliable.
Meets NRC
requirement for
water level
measurement to &
point lower than
that required
for SCS
operation,

Redundant exial
strings of
thermocouples
from the vessel
head to the fuel
sligrment plate.
System provides
excel lent
accuracy and
cont i nuous
measurement .

Redundant axial
strings of
thermocoupl es
from the vessel
head to the fuel
aligrment plate,
This instrument
is different
from the 1CC1
HJITC system
discussed above
in that
thermocouples
are clustered in
the hot leg
regior to
provioe greater
instrument
sccuracy (<1%),

Highly reliable
for mid loop
operations.
Meets NRC
reguirement for
water level
measurement 1o a
point lower than
required for SCS
operation.
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2.9 ECC8 RECIRCULATION CAPABILITY
2.9.1 163UE

The issue is the potential for loss of flow to the Containment
Spray (CS) and Safety Injection (8I) pumps during accident
conditions., System flow could be inhibited by a number of factors.
These factors include:

1. Hydraulic effects, such as air ingestion and vortex formation.

2. Debris in the IRWST resulting from maintenance activities or
deterioration of insulation from actuation of containment
gprays or from LOCA conseguences, or

3. The combined effects of items (1) and (2).
2.9.2 ACCEPTANCE CPITERIA

The design of the System 80+ Incontainment Refueling Water Storage
Tank (IRWST) and Holdup Volume Tank (HVT) and their associated
debris~blocking devices shall comply with the requirements of
General Design Criterica 35 of Title 10, Code of Federal
Regulations, Part 50, Appendix A. Design Criterion 35 reguires
that "...suitable containment capabilities shall be provided to
assure that ... the system’s safety function can be accomplished."
To satisfy this requirerent, the IRWST and HVT are designed to
provide a clean and reliable source of water to the SI pumps for
long~term reci: ulation. The containment is designed to direct
containment spray water and emergency core cooling water to the HVT
and then to the IRWST.

The SIS shall meet the acceptance criteria specified in USNRC
Standard Review Plar rection 6.3, Emergency Core Cooling System,
Revision 2. In particular, Section 6.3 of the SRP addresses the
availability of an adeguate source of water for the SIS,
Acceptance criteria pertaining to the design of the containment
emergency sumps are proided in SRP section 6.2.2, Containment Heat
Removal Systems, Revision 4. These criteria adlress the drainage
of containment spray water and emergency core cooling water to the
recirculation suction points (sumps) and the screen assemblies
surrounding these suction points. Regulatory Guide 1.82. Water
Sources for Long-term Recirculation Cooling Following a Loss-of~-
Coolant Accident, Rev. 1, provides the guidelines for the design of
the IRWST and the HVT, and the aesign of the screens associated
with these tanks. Technical considerations related to this issue
are detailed in NUKEG-0897, Containment Tmergency Sump Performance,
Revision 1.
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2.9.3 DIBCUSSION

Water introduced into the System 80+ containment from a RCE break
or from containment sprays drains into the Holdup Volume Tank
(HVT). This tank serves the purpose of the "containment sump."
The Holdup Volume Tank is therefcore the low collection point in
containment. The contents of this tank are directed to the IRW3T
through the two IRWST spillways (see Figure 2.9-3). The IRWST
serves as the single water source of long-term recirculation for
emergency core cooling and containment heat removal.

With the System 80+ design, it should be noted that the IRWST does
not serve as the containment sump; this tank specifically serves as
a stcrage tank for refueling water, a clean and reliable source of
water for Safety Injection, anda a heat sink for condensing steam
discharged from the pressurizer.

The arrangement of the IRWST within containment meets the multi-
sump requirement of Reg. Guide 1.82, Water Sources for Long-term
Recirculation Cooling Following a LOCA. The general plant
arrangement separates redundant trains of the SIS and the CSS. The
divisional boundary provides complete separation betwsen divisions
and effectively creates two identical support buildings. The
result is a plant arrangement with two SI pumps and one CS pump in
each division. Within each division, the two SI trains (and each
CS train) are separated by a quadrant wall to isolate the trains
from each other to the maximum extent practical. Each of the four
SI pumps hLas its own suction connection to the IRWST (see Figure
2.9-1) and each of the two CS pumps shares one of these four
connections.

Following an accident, water introduced into containment drains to
the Holdup Volume Tank. Debris that may exist in containment may
be transported to the HVT with this fluid. Debris greater than 1.5
inches diameter is prevented from entering the HVT by a vertical
trash rack, which is located at the entrance to the HVT (see Figure
2,9-3). The vertical trash rack is greater than six feet high and
more than forty feet lcng. A debris curb exists at the base of
this trash rack to prevent high density debris that may be swept
along the floor by fluid flow toward the HVT from reachinc the
trash rack. The vertical orientation of the trash rack wili help
impede the deposition of debris buildup on the screen surface.
Particles that are smaller than the trash rack mesh will enter the
Holdup Volume Tank.

The Holdup Volume Tank is designed to function as a solids trap to
help prevent debris from entering the IRWST. High dersity debris
that makes its way through the trash rack will accumulate in the
bottom of this tank. The IRWST spillways are located at a hign
enough elevation to assure that much of the higher-de :sity debris
(and debris that tends to sink slowly) wil® settle to the bottom of
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the HVT before spilling over into the IRWST. Debris that remains
in suspension will make its way to the IRWST splllwvays. The
spillways are showr in Figure 2.9-3, Screens are not present in
these 8 llways to assure uninter. upted flow to the IRWST,

The {in. debr's that is introduced into the IRWS™ is prevente! from
entering the 818 suction p.ping by a debris screen. These scieens
are located at each end of the four wing walls that serve as
supports for the reactor coolant pumps (see Figures 2.9~ and 2,9~
2). These wing wall assemblies extend from the IRWST “loor to the
maximum IRWST water level, assuring that all debris will be
filtered before reaching the SIS suction lines. The screen
assemblies completely enclose the suction lin . by running from the
end of each wing wall ‘. the side walls of the lioldup Volume Tank
or the primary shield walls, as applicable. The wing-wall screens
have the capability of removing particles greater than 0.09 inches
diameter This screen size is consistent with the screens used on
currently operating units. The wing-wall screens are the final
barrier to debris before the §I8 suction lines,

Blockage of the debris screens is a major concern with respect to
recirculation, The System 80+ screens have 3 vertical orientation
to prevent debris frou settling on the screen surfaces. This helps
in keeping the screens clear. The design considered the types and
gquantities of insulation used for the &tystem B0+ components, since
post-LOCA deterioration of this insulation is the major potential
source of dehris in containment. The location of insulation with
respect to * HVT and IRWST as well as the possible location cf
breaks hav lso been corsidered. The effective areas of the
screens hav een determined according to the guidelines provided
in Appendix . to Regulatory Guide 1.82, Guidelines for Review of
Sump Design and Water Source ‘or Emergency Core Coc..ng.

The debris .creens have been designed to withstand the vibratory
motiun of a seismic event without loss of structural integrity,
Each screen is capable of withst :nding loads imposed by postulated
missiles as well as loads due to pressure head differentials.

Consideration has also been given to the materials used for the
debris scre -e. Materials have been selected to avoid degradation
during peri.ds of inactivity (i.e., no submergence), and during
periodes in which Tho screens are partially or fully submerged.

Each screen used in the System 80+ design is provided with an
ac.vess openi to allow for inspection of the racks or screens.
The screens will be visually examined periodically to detect any
corrosion or structural degradation during refueling outage
periods. As seen in figure 2.9-1, the suction lines are located
within the confines of the wing wail away from the IRWET spargers.
This wall design nelps isolate the suction lines from the open
sections of the IRWST, where most of the maintenance activities
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debris ingestion or blockage is significantly greater than in
current designs. First, w.*er in containment draining back to the
IRWST must pass through a large trash rack before entering the HVT,
The HVT serves as an effective solids trap for high density debris.
Lower dersity debris that makes its way into the IRWST via the
IRWST wspillways encounters debris screens that filter fine
particles from the 818 suction inlets. Each of the four SIS punps
have separate IRWST suction lines and each of the two C85 pumps
tikes suction from one of these four lines. Box screens at all
four suction lines provide a final trap.

Multiple spillways are available to return water from the upper
containment elevations to the IRWST. The drain pathways are fully
redundant to assure recirculation capability. The location of the
suction inlets within the IRWST provide additional protection
against suction inlet damage and/or blockage.

Consideration has been given toc IRWST hydraulic performance, the
generation of potential debris »r' associated effects (including
debris screen b%iockage), and the preservation of 81§ pump NPSH
during post-LOCA conditions in the overall design. The parformance
of the design is deemed acceptable with reapect to these
considerations.

This issue has been resclved by design features of System 80+,



THIS PAGE INTFNTIONALLY BLANK






S1
Al'}:ﬂ'l‘[]RE
CARD

Also Avallable On
Aperture Carg

Figure
‘“"W l#? LOCATIONS OF SAV-‘t'LYW:w;CTION SYSTEM SUCTION .
F700072-06




g

‘e e TR -
S




HOLDUP VOLUME TRASH RACK

v a

7 @gmﬂr

>
=
O~
®w O
0
25
£2
=
:m
gc
=
-
33
w
2z
=
22
o ' -
> ; - ,
z l SAFETY INJECTION B Rl Vo calr 3 RE TP N
E PUMP ROOM T .. . _ P
- -:.4'., ST _ . ‘~ Rl 4 g ’ e
& A fas TP - . z .- o ’ . ! . 4
) . ‘.. - » - - - - & - & -
- 2 « * p o * ‘@ - e
— i - ey Y ) S AT ety 4 -
- - ‘ . a
ae o . - . g & ; - L &
“. - '.‘ - ‘ » 2 -‘ a - " - . i
‘ 4 i . - &2 - 3 - - . -
— P —1 “d

6
anby4




77a.wp (9212)bh

2.10 EFFECTS OF PWR UPPER INTERNALS
2.10.1 IBBYE

Events witi, the potential for loss of Decay Heat Removal (DHR) have
initiated from plant configurations with the reactor vessel head
removed, the refueling pool filled with water and the veactor upper
internals still in place. Under these cond.tiuns, the reactor
vessel upper internals may provide suf ficient hydraulic resistance
to natural circulation flow between the refueling pool and the
reactor core to inhibit, or even prevent, the refueling pool water
from cooling the core under circumstances wher forced convectior DER
has been lost.

2.10.2 ACCEPTANCE CRITERIA

When the reacvtor vessel head is off and the core and upper internals
are in the vessel, any one or more of the following conditions shall
be satisfied:

1. Demonstration by analysis that the time to beil exceeds the time
required to evacuate and establish containment integrity; and/or

2. Demonstration by analysis that either a natural or forced
circulation flow path, with or without heat exchangers, can be
established to perform DHR for a sufficiently long period of
time to allow plant operators to terminate the event.

2.10.3 DISCUSBION

In mode 6 configurations with the vessel head removed, loss of
shutdown cooling events could be of concern if the upper internals
inhibit natural circulation cooling of the core via the heat sink in
the upper refueling pool. An analysis to predict the extent of
natural circulation flow through the Upper Guide Structure (UGS) is
described below. Resolution of this issue is based on the results
of that analysis.

Hydraulic flow resistance data are providea in Table 2.10-1. These
were utilized in an analysis to ascertain the possibility of natural
circulation flow communicatinn thrcugh the upper internals between
the core and refueling pool for a Moda 6 configuration with the
vessel head remuved.

The entry flow path through access honles in the core support barrel
flange to the upper downcomer from the refueling pool was shown to
admit negligible flow in view of its higbh hydraulic resistance.
Equal flow areas for the down-flow and up-flow were assumed through
the core and upper internals with turnarouna at the base of the
active core. An iterative algorithm, based on the principles of
conservation of mass, momentum and energy, was used to determine the

2.10~1
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transient natural circulation flow, after loss of shutdown cooling,
and tie time to saturation at the core outlet. Sensitivity of the
results to magnitude of the upper internals flow resistance was also
determined.

Several key assumptions made in the analysis include one-~dimensional
flow with no transverse mcmentum and energy exchange, no conduction
loss through the vessel, no convection from the surface of the
refueling pool and no heat storage within the bounds of the upper
internals. The decay heat generation was conservatively sssumed
censtant, characteristic of two days after shutdown, with an
additional 10 percent uncertainty. No credit was taken for the
available need developed at the core exit due to the forty foot
elevation difference. Other simplifications included a uniform
refueling pool temperature together with egual metal and fluid
temperatures in each core flow zcne that actually exhibit a linear
variation axially.

This analysis indicates that natural circulation flow makes the
water in the upper refreling pool available for cooling the core and
liqniticantI{ extends .ne time required for vhe core outlet
temperature to reach saturatior under these circumstances. Fluid
temperature versus time variavion results as a function of initial
coolant temperature are rhown in Figure 2.10+~1. The curves in the
figure for the maximum Mode 6 initial coolant temperature of 135°F
indicate that the core outlet temperature would not reach sa%uration
until 3% minutes after the loss of deca; heat removal. The
calculated natural circulation flow rate increases throughout this
time pericd with a value of about one percent of the rated design
core flow rate at one minute after loss of DHR rising to 1.5 percent
where the outlet temperature reaches saturation at 35. 5 minutes.

For an initial coolant temperature of 100°F, the time to saturation
increases significantly to 125.5 minutes.

A sensitivity evaluation shows that i* would take only a few minutes
to reach saturation at the core outlet in the complete absence of
flow communication with the refueling pool. Another analysis
indicates an additional time period of at least one hour to core
uncovery after saturation is reached throughout the entire core
volume in addition to the core outlet.

These results make it possible to conclude that the presence of the

upper internals does not prevent natural circulation communication

with the refueling pool. Depending upon the initial fluid

temperiture, the time to boil will exceed 35 minutes and may be

several hours in duration. Ample time, therefore, exists for the
implementation of operating procedures to deal with the restoration

of forced circulation decay heat removal and/or to begin the process

of containment closure, which requires 10 minutes when in Mode 6 configurations,

2.10-2
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TABLE 2.20-1
HYDRAULAC FLOW RESISTANCE DATA FOR BYSTEM 80+
Dimensionless Cross-sectional
Region Flow Resistance K Flow Area - Ft’
Core Support Barrel 1823.0 2.949
Flange Entry
Upper Downcomer 0.17 40.53
lLower Nownecr er 2.€44 33.853
Inlet Flenum 14.0 115.6
Coce 12.77 60.8
Fuel Alignment Plate 0.69 20.6
Upper Guide Structure 1.246 3.34
2.10.4 RESOLUTION

The results discussed above indicate the availability of a natural
circulation flow path through the upper internals in the vessel in
the event of a lcss of both SCS trains during Mode 6 when the
refueling pool ir full. The heat removal effected by transference
of core-generated decay heat to the upper refueling pool would allow
plant operators a minimum time period of at least 35 minutes to
terminate the event before the core outlet temperature reached
saturation. Substantially more time would be available before
possible urcovery of the core. This time periol is of sufficient
duration that the issue can be considered resolved on the basis of
both of the previnusly stated acceptance critaria, It .s clearly
longer than the minimum Mode 6 containment closure time of 10
minutes and sufficiently long enough to allow plant cperators to
restore shutdown cooling.

2.10-3
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2.1 FUEL HANODLING AND HEAVY LOADS
2.11.1 IBBUE

Questions have been raised regarding the potential for damage teo
fuel and safety related equipment due to dropping of heavy loads
during plant shutdown. Related issues involve the transport of
heavy loads within the reactor containment building and the spent
fuel building., These include dropping the reactor vessel closure
head and internals, dropping the head area cable trays [HACTS],
accidental release of a fuel assembly, and movement of the spent
fuel storage cask. Drop accidents involving primary NSSS piping
are not considered, since by design piping is routed beneath the
reactor refueling pool.

2.11.2 ACCEPTANCE CRITERIA

Fuel and safety related equipment shall not be subject to damage
that may adversely effect public health., Also, fuel assemblies
lJocated within the reactor or within storage racks shall remain
subcritical during and feollowing postulated load drop accidents.

2.11.3 DISCUSBBION

The transport of hesavy loads within the containment building and
the spent fuel building is controlled by integrating relevant
design characteristics for the building and the handling egquipment.
Plant layout, equipment design and handling procedures are chosen
to insure that heavy loads are restricted to preassigned travel
zones. Equipment interlocks and procedures are also used to insure
that load transport is accomplished in a predictable manner.

Specific issues associated with the transport of heavy loads within
the containment building include movement of th ieactor vessel
closure head, the reactor internals, the HACTS, and individual fuel
assenmblies. Special measures are taken to safeguard these
operations and mitigate the consequences of postulated load drop
accidents.

Procedural guidance for raising the reactor closure head, as
provided in CESSAR-DC Section 9.1.4.2.3.3, specifies that the fuel
transfer tube valve be closed and that the pool water level follow
the vertical movement of the closure head as it is raised from the
reactor. This insures that the containment building remains
isolated from the spent fuel poel building during transport of the
closure head. Also, by isolating the containment building from the
spent fuel building the spent fuel pc 1 is protected against drain
down that might occur as a result of a pestulated drop accident,

2:11#1
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Evaluations have been performed which demonstrate that a postulated
head drop, from its specified maximum lift height, onto the reactor
vessel will not result in a significant risk to public safety.
Though the reactor vessel and internals may sustain damage, the
reactor vessel will remain {illed and the fuel will remain covered
and in a subcritical configuration. Evaluations of the reactor
inturnals demonetrate that a drop accident involving the internals
would be less severe than the postulated head drop accident.

Travel paths for the closure head and the internals, leading from
the reactor vessel to the respective storage stands, are arranged
80 that the transported loads do not pass directly over the I1CI
seal table (Refer to Fioure 2.11-1), 1I1f it is postulated that
portions of these structures do impact the seal table, seal
housings and guide tubing above the seal table, the resulting
damage would be localized to these components. Under these
conditions, the water level within the vessel will remain at the
flange level. 1In addition should the reactor cavity pool seal be
aamaged to the extent that there will be significant pool drainage,
the reactor vessel will remain filled.

The refuc.ing machine is structurally designed to withstand the
effects of design basis seismic motions., In addition, this machine
is provided with interlocks which restrict machine movements to
permissible zones as vwell as lock the fuel grapple in place. The
refueling machine is designed to transporc one fuel assembly at a
time between the reactor core and the fuel transfer system, It is
also designed to transport CEA rod and ICI uisposal containers
between nn intermediat> storage rack and the fuel transfer system.
The grapple for the disposal containers is the same design as the
one used for fuel assemblies.

The refueling machine is designed so that it can not pass over the
top of the ICI seal table. This precludes the possibility of load
drop accident involving a fuel assembly falling onto the ICI seal
table. Also, during normal refueling operations the travel path is
restricted so that it passes over the reactor cavity pool seal at
predetermined locations. As a minimum, the pool seal is designed
80 that it will withstand without leakage a postulated fuel drop
accident in these zones. If, for other postulated reasons, there
is significant drainage of the pool, it is possible to rapidly
lower a fuel assembly o5n the refueling machine grapple to an
elevation which insures that it remains submersed in water. The
assembly may be inserted into the reactor vessel or lowered into
the deep end of the refueling pool, adjacent to the fuel transfer

system.

The head area cable tray assembly [HACTS), which is used to route
power and signal lines away from the reactor vessel closure head,
is designed to be handled by t - auxilliary heist on the polar
crane. The cable trays are ra. . vertically by this hoist from

2+:11wg
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the installed position over the reactor vessel and moved to a
storage position on top of either of the two steam generator walls.
The trays are handled by four separate slings that are fastened to
specially designed 1ift fixtures on the &.ructural frame of the
FACTS. All lifting components are designed in accordance with the
criteria of NUREG-0612, Control of Heavy Loads at Nuclear Power
plants. Prior to movement of the cable trays, the reactor must be
in the shutdown mode and depressurized.

During a postulated load drop accident invelving the impact of the
HACTS onto the reactor vessel, the maximum impact energy is
estimated to be about twenty percent of that associated with the
reactor vessel closure head drop.

Though the reactor vessel may be damaged, the level of damage to
the vessel and its support would be less severe than that
associated with dropping the reactor vessel head. Furthermore,
since the cable tray assembly is not a rigid structure, an
appreciable fraction of the impact energy would be dissipated
during plastic deformation of the HACTS itself.

For the postulated dropped cable tray accident, it is most probable
that the HACTS would impact the closure head lift rig and the CEDM
pressure housings. These structures are likely to be permanently
deformed by bending ar 1/or buckling. In some instances the
pressure housings may also leak. The extent of damage, however,
would not be sufficient to cause the reactor vessel to drain down,
nor to adversely affect core criticality.

As with the containment building, special consideration is given to
the transport of heavy loads and fuel assemblies in the fuel
building. Also restrictions regarding the transport of heavy loads
over fuel storage racks, and movement of the fuel shipping cask
apply (Refer to Figure 2.11~2).

Transport of the fuel shipping cask within the spent fuel building
is accomplished using a special high capacity hoist. The cask is
transported using a staggered lift from the wash down area to the
laydown area, where fuel loading takes place. This is done to
limit the maximum drop heinht for the respective regions. In each
case the floors and walls nave been designed to withstand a
postulated cask drop accident.

The spent fuel pool is connected to the cask laydown area by a
gate, which will be closed to isolate the two zones during cask
movement. The elevation of the gate is specified so that fuel
located in the spent fuel storage racks would remain submerged
following a postulated pool drain down through the gate.

The hoist wused 