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1.3.2

1.3.2

DESIGN YOR THE PROTECTION OF STRUCTURES, COM.
FONENTS, EQUIPMENT AND SYSTEMS AGAINST DYNAMIC
EFFECTS OF PIPE BREAK AND LEAK BEFORE BREAK

Design Description

Vital structures, components, equipment and systems necessary for the successful
operation of the safe shutdown systems are protected from the damaging elfects of
post lated pipe breaks not climinated by leak-before-break evaluations.  Designs
which protect these items consider the consequences ¢ pipe whip, water-spray, jet
impingement, flooding, compartment pressurization, and environmental conditions.

Essential systems protected are those that are needed to safely shut down the reactor
or mitigate the consequences of a pipe break for a given postulated piping failure.

In addition, systems are protected such that no break violates the following criteria:

1. A postulated pipe break which is not a LOCA will not cause a LOCA.

r2

The postulated pipe break will not cause unacceptable consequential reactor
coolant steam or feedwater line damage.

3. The function of safety systems required to perform protective actions (o
mitigate the consequences of the postulated break will be maintained.

4 The ability to place the plant in a safe shutdown condition will be maintained.

Protection of vital equipment is achieved primarily by s- paration of redundant safe
shutdown systems and by separation of high-energy pipe lines from safe shutdown
systems. This redundancy and separation results in a design which requires very few
special protective features such as whip restraints and jet deflectons to ensure safe
shutdown capability tollowing a postulated high-energy linc break. In general, layout
of the facilities (Gliows a multi-stop process to ensure adequate separation.

1. Safety-related systems are located away from most high-energy piping.

o

Redundant safety systems and subsys.ems are located in separate compartments.

" - 4-30-92
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13.2

3. As necessary, specific components are enclosed to maintain the redundancy
required for those systems that must function as a consequence of specific
piping failure events.

Protection requirements are met through the protection afforded by the walls,
columns, floors, abutments, and foundations in many cuses. Where adequate
protection does not already exist due to separation, additional barriers, deflectors, or
shiclds are provided s necessary to meet the functional protection requirements.
These additional defenses are designed to withstand the combined effects of the
postulated failure plus normal operating loads plus earthquake loadirg.

Where protection requirements are not met through existing separation, barriers, or
shields, piping restraints are provided as necessary .o meet those requirements.

Restraints are not provided when it can be shown that the pipe break would not
cause unacceptable damage to essential systems of components.

Analyses of postulated pipe break events are performed to identify those safety-
related systems and components that provide protective actions required to mitigate,
(o acceptable limits, the consequences of the postulated pipe break events. In
conducting thesc facility response analyses, the following are among the criteria used
to establish the integrity of systems and components necessary for safe shutdown and
maintenance of the shutdown condition:

1. Each high- or moder ~ « iergy fluid system pipe failure is considered
separately as a singl od initiating event occurring during normal plant
conditions.

$o

Olfsite power is assumed to be unavailable if an awtomatic turbine generator
trip or automatic resctor trip is a direct result of a postulated piping failure.

3. Piping systems containing high energy fluids are designed so that the effects
of a single postulated pipe break cannot, in turn, cause failures of other pipes

or components with unacceptable consequences.

The design criteria define acceptable types of isolation for safety-related elements and
for high-energy lines from similar elements of the redundant trains, Separation is

B s 4-30-92
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alall b o

accomplished by,

1. Routing the two groups through separate compartments, or
2 Physically separating the two groups by a specified minimum distance, or
3 Fepeartinghe two groups by structural harriers.

The design criteria assure that a postulated failure of a high energy line or a selety-
related element cannot take more than one safe’y-related train ot 1 service.

Pos*. lated pipe ruptures are considered in all plant piping systems not eliminatad by
leak before breal: evaluations, and the associated potential for damage to sequired
systems and components i« evaluated on the basis of the energy in the system. Each
postulated rupture is considered separately as a single postulated initiating ew .. For
each postulated break, an evaluation is made of the coffects of pipe whip, jet
unpingement, compartment pressurization, environmental conditions, rnd floodiig.
These evalustions of the required sysicms and components demonstrate that the
protection requirements above are met.

A leak-before-break evaluation is performed for Class 1 piping with a diamete- of ten
inches or greater (Le, (ae reactor coolant system (RCS) main loop piping, surge line
shutdown “ooling and safety mjectivn lines) and for the main steam line inside
containm~at ‘n order to eliminaiv the dynamic effects of pipe rupture from the design
basis. The cvaluation is intended to meet the requirements of 10 CFR 50, Appendix
A, General Design Criterion (GDC) 4. The evaluation is per{ormed using the
guidelines of NJREG 1061, Vol. 3. Piping of this sort is designed to be not
particvlarly susceptible to failure from the effects of corrosion, water hamamer or jow-
and high-cycw fatigue, or degradation or failure of the piping from indirect causes.
In addition. « leak detection system as recommended by Regulatory Guide 1.45
capable of detecting a leakage rate of less than 1.0 gpm from the primary system is
included in the System £0+ plant design.

Inspections, Tests, Analyses, and Acceptance Criteria

Table 1.3.2-1 specifies the inspections, tests, anslyses and associated acceptance
criteria for evaluating design for the protection of structures, components, equipment
and systems against dynamic cffects of pipe break and leak before break.
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TABLE 132-1

DRAFT

LESIGN FOR THE PROTECTION OF STRUCTURES, COMPONENTS, EQUIPMENT AND SYSTEMS

AGAINST DYNAMIC EFFECTS OF PIPE BREAK AND LI AK BEFORE BREAK

132

Analytical methods for the dy-
nznic and static analysis of piping
systems and the corresponding
component stress analysis shall be
specified m a covtified design
specification for each pipiag sys-
tem. The dynamic analysis of pip-
ing systems shall use » suitable
dynamic method, such as time his-
tory or response spectrum  method,
or an eoguivaleel  <auc  lead
method. For the applied method,
the key analysis parameters shall
be addressed.

Inspectizns, Tests, Analyses

Review of the certified design
specification and the certified
stress report wiil be conducted to
wonfirm  that the piping was de-
signed and amalyzed in compliance
with ASME Code, Section il re-
quirements.

A ¢ Criteri
Methods shall be i compliance

with the requirements of the
ASME Code, Section 11
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TABLE 13.2-1 (Continued)

DRAFT

DESIGN FOK THE PROTECTION OF STRUCTURES, COMPONENTS, EQUIPMENT AND SYSTEMS

o

1.3

AGAINST DYNAIMIC EFFECTS OF PIPE BREAK AND LEAK BEFORE BREAK
Insp.tions, Tests, Analyses, and Acceptance Criteria

Certified Design Commitment

All ASME Code Safety Class 1, 2,
and 3 piping systems which are es-
sential for safe shutdown shali be
desiged 10 assure that they will
mai_.ain  sufficient  dimensioval
stability to perform their required
function  following application  of
all loads to which they will be
subjected duwi g postulcted events
requiring their safety function.

An inspeciion of the certified
stress reporf wili be conducted 1o
assure that none of the siresses or
defleciions of the piping system
exceed vaiues whick could lead fo
farge reductions m the coross
sectionsl flow area.

)

ASME Code, Section il limats that
protect tiie pipng ar. mpe sup-
ports agamnst primary dress fol-
ures shall be compared with allow-
abie values that preclude mpair-
ment of functional capability. in
a6 case shall stresses exceed values
allowed for Servii: Level D i
ASME Code, Section ITL
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TABLE 13.2-1 (Contirued

DRAFT

DESIGN FOR THE PROTECTION OF STRUCTURES, COMPONENTS, EQUIPMENT AND SYSTEMS

AGAINST DYNAMIC EFFECTS OF PIPE BREAK AND LEAK BEFORE BREAK
Inspections, Tests, Analyses, and Acceptance Criteria

153

Essential piping systems, including
required pipe whip restrainis, will
be designed to protect against the
dynamic effects associated with
the postulated rupture of high
encrgy and moderate energy fluid
systems. A pipe break analysis
report will be gemerated to con-
firm that the piping system is
acceptabie  for  all  postulated
breaks. Piping systems that are
quahfied for the optional leak
before-break design  approack
{ie, RCS mam iloop, surge line
shutdowr cocling, safety mjection
ines, and the main steam line in-
side contamnment) may exclude de-
sign against the dynamic effects
from the postulation of breaks

high energy piping.

Inspections, Tests, Analyses

Inspecticns of ASME Code, Sec-
tion [l required decuments and
the pipe break analysis report will
b condacted to confirm that the
piping system was designed and
analyzed in compliance with re-
quircments that assure postulated
pipc breaks wall not unduly mmpact
the salety of the plant

i

The esseatial functions of struc-
tures, systems, and components
shall not be precluded by the pos-
tulated pipe breaks
components  reguired for  safe
shutdown, PBmits to meet the
ASME Code requirements for
faulted conditions and hmits 1o
ensure  reqwited operabiity  shall
be met.

For those

i 4.30-92
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TABLE 13.2-1 {Continued)

DRAFT

DESIGN FOR THE PROTECTION OF STRUCTURES, COMPONENTS, EQUIPMENT AND SYSTEMS
AGAINST DYNAMIC EFFECTS OF PIPE BREAK AND LEAK BEFORE BREAK

ins ions, T

4 The piping, its appurtenances, and
its supports, will satisfy the ASME
Class, Seismic Category, and Oual-
ity Group requirements commen-
surate with its classification.

5 Redundant  safety  systems and
subsystems will be located in
separate compartments,

A

Inspections, Tests, Anaivses

Inspections will be conducted of
ASME Code required documents
and the Code stamp on the com-
poneats.

Visual imspection of plant  re-
dundant safety systems and sub-
systems verifies they are located m

scparate regions.

~

sters

Existence  of ASME Code required
documer s and the Code stamps on
the comonents shall be reviewcd
to conbm that the piping and
componcats have been designed,
analyzed  fabricated, and cx-
amined in accordance with the

Visual mspection report shall be
prepared te provide confirmation.
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1.6.3

1.63

ANNULUS VENTILATION SYSTEM DR AFT

Design Description

The Annulus Ventilation System (AVS) is designed as an engineered safety feature
and i credited in analyzing design basis accidents. The Annulus Ventilation Sysium
reduces the concentration of radwacTivily in the annulus atmosphere between the
primary containment and the secondary containment by filtration, holdup (decay) and
recirculation before the air is released to the atmosphere.

The Annulus Ventilation System (AVS) takes the air from above the primary
containment dome, filters it and discharges a portion of the air close to the annulus
floor and a portion of the air 10 the atmosphere. Two redundant filtration trains
complete with [ans, filters, dampers, ductwork, supports and control systems are
provided . sec Fgure 1.6.3-1). Each train is capable of maintainiag the air flow within
speciied imits at maximum and minimum filter pressure drops. The dampers
modulate exhaust air as required to maintain the negative pressure greater than 0.25
inches of waler gage within the annulus.

Each filter train consists of a moisture eliminator, prefilter, electric heater, carbon
absorber and a HEPA filter before and after the carbon absorber. Each train is sized
1o remove the fission products released to the annulus following any of the postulated
accidents. Failure of AVS to perform the intended function will be detected by a unit
vent radiation monitor, which monitors the activity level of the system effluent.

Electrical and control component separation is maintained between the redundant
trains (o mect singie active fauure criteria although the ducting inside the annulus is
shared. Components of the Annulus Ventilation System (AVS) are designed to
withstand the post-accident pressure and temperature transieats. Components of the
AVS are designed as Seismic Category I equipment.

Each train is normally not operating and is activated by a containment spray actuation
signal. Each train is powered by Class 1E power and backup power (rom the
Emergency Diesel Generator. ndication of damper position and fan operating status
is provided in the control room. High temperature conditions for each absorber bed
and high and low differential pressures across filter beds are alarmed in the control
room.

Inspections, Tests, Analyses and Acceptance Criteris

Table 1.6.3 provides the inspections, tests and/or analyses and associated acceptance
criteria.

1. 4-30-92
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TABLE 1.63-1
ANNULUS VENTILATION SYSTEM

Inspections, T and A Criteria
1 The AVS is capable of reducing the L Documented records reviews and 1. The fikker efficeacies and fan
concentration  of radioactivity in ficld test results evaluation will be capacity meet the foliowing re-
the annulus to an acceptable level conducied to vwvenfy  specified quirements.
consister? with safety analysis. parameters.
a) 95% (Elemental and Organic 1odine}
a) Filer Efficiencies: a) DOP test will be conducted 1o 99% (Particulate)
measure filter efficiencies.
‘ 95% (Elemental and crganic indine) b) <if006 CFPM
 § b) Fan capacity will be tested in the
9% (Particulate) straigh: portion of the duct either
upstream or downstream of the {an.
b) Fan Capaaty:
< 18006 CFM
2. A simplified system configuration Z Inspections of installation records » 4 The swstem configuration s in
is shown in Figure 163-1 together wath plant walkdowns will accordance with Figuce 1.63-i
be condecied io confirm that he
mstalled ecquipment is in com-
piiance with the design configur-
ation defined in Figure 163-i
1.63 -2- 4-30-92
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ANNULUS VENTILATION SYSTEM
Inspections, Tests, Analyses, and Acceptance Criteria

Certified Design Commitment Inspections, Tests, Analyses Accepiance Criteria
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1.6.5

also be manually initiated from the Main Control Room.

The SITs, which contain borated water pressurized by a nitrogen cover gas, constitute
a passive injection system. No operator action or electrical signal is required for
oporation. Each tank is connected to a DVI nozzle by a separate line containing two
check valves which isolate the tank from the RCS during normal operation. When
RCS pressure falls below 31T piessure, the check valves open, discharging the
contents of the tank into the reactor vessel. A remotely operated isolation valve in
cach SIT discharge line is adminstratively controlled open (o assure SIT injection
when needed. To further assure SIT availability, each SIT isolation valve receives an
open signal upon an SIAS.

The SITs are located inside the containment to minimize their distance from the RCS,
but outside the biological shicld to protect them from RCS-generated missiles.

Vent valves are connected to each CIT. Venting may be required to lower SIT
pressure to shutdown cooling entry pressure following 4 LOCA. During normal
operation, the vent valves are locked closed and power is removed.

The shutoff head and flow rates of the SI pumps were selecied to insure that
adequate flow is delivered to the reactor vessel to cool the core during LOCAs and
non-LOCA design basis events. €1 pump capacity is also sufficient to remove decay
heat during feed and bleed operations. The SIS is designed to provide net positive
suction head (NPSH) greater than the pump vendor'’s required NPSH for sll expected
fluid temperature conditions during SIS operation. Each SIS pump has a minimum
flow recirculation line to the IRWST to ensure sufficient pump flow during operation
against shutoff pressure.

The SIS components and instrumentation can be powered from the plant turbine
generator (onsite power), and/or plant startup power source (offsite power), or the
emergency generators (emergency power). Power connections are through at least
two independent buses. One independent electrical bus supplies power to two SI
pumps and associated valves. A second independent electrical bus supplies power to
the remaining two SI pumps and associated valves.

Power to the SIS hot leg injection valves is designed such that a single electrical
failure cannot cause spurious initiation of hot leg injection flow, nor will a single
clectrical failure prevent initiation of flow through at least one hot leg injection line.

SIS components required for injection of borated water into the reactor vessel are
classified Seismic Category 1. Mechanical components meet ASME Boiler and
Pressure Vessel Code Section I1I requirements as follows: IRWST, SI pumps, SITs,
piping and valves up to the second check valve from the RCS are Class 2; piping and
valves from (and inciuding) the second check valve from the RCS are Class 1.

o2 4-30-92
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1.6.5

SIS components and instrumentation which must operate following a design basis
event are designed, built, and quelified to operate in the post-event environment in
the compartment where the component or instrument is located.

Adequate physical separation is provided between the redundant piping paths and
containment penetrations of the SIS to prevent a failure of one train from affecting

SIS is physically separated to preserve redundance and prevent a single failure from
causing multiple channel malfunctions or interactions between channels.

The SIS permits periodic inspection of important components such as injection
nozzles, piping, pumps, and valves, and periodic functional testing, including the full
operational sequence that brings the system into operation.
Inspections, Tests, Analyses, and Accepiance Criteria

Table 1.6.5-1 specifies the inspections, tests, analyses and associated acceptance
criteria for the SIS.

-3. 4-30.92
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Certified Design Commitment

The configuraiion of the SIS includes,
as a minimum, the flow paths and
components shown in Figure 165-1

SIS mechanical equipment is built in
accordance with ASME Code, Section
I, requirements.

All SIS compone:s reguwred for in-
jecting water into the reactor vessel
are classified Seismic Tategory 1§, and
are qualified for the environment in
the locations where they are installed.

"

Inspections, Tests, Analyses

Perform walkdown imspections of the
as-built SIS configuration.

Inspe.. procurement and installaton
records to venfy components were
manufactured per the relevant ASME
requireraents.

See Generc Sesmic and Eoviron-
mental Qual:fication inspections, tests,
and analyses.

te

o
b

DRAFT

Acceptance Criteria

The as-buiit SIS configuration
includes the flow paths and
components shown in Figere 1.65-1

SIS equipment has spproprnizie  ASME,
Section I, Class 1, 2, or 3 code
stamp.

See Generic Seismic and Environ-
mental OQualification accepiance
criteria.
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TABLE 1.6.5-1 (Continued)
SAFETY INJECTION SYSTEM
Inspections, Tesis, Analyses, and Acceptance Criteria
Certified Design Commitment Inspections, Test, Analyses
4. SIS pumps, valves, and controls nec- 4.a) Perform testc to demonstraie thc' cap- 4.a)

essary for imjecting water into the

reactor vessel can be powered from
the normal,  standby, or emergency
AL power sources,

5. The SIS operates in the short term
injection mode to provide core cooling
foliowng a LOCA or non-LOCA
event.

-
o
(]

b)

ability of the SIS to automatically
actuate in response to an SIAS gener-
ated by low pressurizer pressure and
by high containment pressure. Per-
form these tests with power supphed
from the normal (ensite), standby
(offsite). and emergency (diesel gen-
erator) AC power sources,

Perform tests to confirm the SITs and b)
associated valves will respond 1o an

SIAS and will discharge SIT water

velume 10 the RCS.

Perform SIS functiona! tests to deter- 5
mine as-buill  system flow vs. RCS
pressure and time to rated flow afier

an SIAS.

a)

i

DRAFT

—— Criteri

With power supplied from normal,
standby, and ecmergency AC power
sources: low pressurizer pressure  or
high contanment pressure generate an
SIAS; an SIAS starts the SI pumps,
opens the SI di~charge isolation valves,
and sends an open signal to the SIT
solation  valves.

SIT isolation valves open on SIAS and
SIT discharge check valves coen whe-
SIT pressure exceeds RCS prossure,

The analyses results show that the fol-
lowing acceptance criteria are met for
LOCA and non-LOCA events:

For LOCA, the acceptance criteria of
IDCFRS0.46(h)

4-30-92
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165

Certified Design Commitment

The Si> operates in the long term
post-LOCA  injection mode to provide
flow circulation through the core.

TABLE 1.6.5-1 {Continued)

SAFETY INJECTION SYSTEM

Iaspections, Test, Analyses

Inspect  as-built drawiags and cal-
culate the volume of vnbhorated water
m each Sl hne prior to anm actuation,
the IRWST volume, SIT volime, SIT
moer diameter, and SIT nozzie ele-
vation above the DVI nozzies.

From the result: of tac SIT tests in
ITA 4b), calculate the SIT discharge
fine K-factor.

Compare as-buiit data from these tests
and calculations with the data used in
analyses of LOCAs and non-LOCA
events which requirc SIS operation.
Confirm the analvses results.

Manually align the SIS for long term
cooling using simuitaseous DVI and
hot lzg miection. Perform tests to
determine the hot leg/DVi flow split
with four SI pumps running Com-
pare as-built data from these tests and

b}

DRAFT

For non-LOCA tramsicnts, the accep-
tance crteria  of Sectton 15 of
NUREG-08, Rev. 35

The SIS can be manually aligned for
long. term cooling using simuitancous
DV], and hot leg injecticn.

The accepiance criteria of
10CFRS50.46{h)  are met

4-30-92
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165

The SI pumps have sufficent NPSH
during ali postulated operating
conditions.

The SIS mcledes a minimum flow
recirculation  path for each SI pump to
protect the pump from overheating

TABLE 1.55-1 (Continued)

SAFETY INJECTION SYSTEM

Inspections, Test, Analyses

the tests and calculations i ITA §
with the data nsed in the analysis of
post-LOCA  long-term cooling. Con-
firm the analysis results

Perform tests to measure suction head
avalible to each SI pump. Suction
wil b~ taken from the IRWST under
mariram flow cenditions in the com-
tn.oa suction lines {ie. containment
spray pumps also running whea test-
ing the two SI pumps with shared
suction lines). Correct the measured
suction bead for the IRWST minimum
ievel attamable after an SIAS and the
maximum IRWST fluid temperatere.

The a=-bwmit system comnfiguration and
nstallation will be iuspected and
minimum  fow recirculation  verificd
by arnalvses, eor a minimum flow
measmement test will be performed

DRAFT

Minimum pump NPSH avatlable, as
determined based on as-buill  con-
ditions, meets or exceeds the pump
designer’'s NPSH  reguirements,

Min mum flow rearculation, as deser-
mined based on as-built conditions,
mees or exceeds the pump desiener’s
requirements.

4-30-92
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10,

11

12.

165

The SIS provides automatic indication
when SIAS s byrassed and when SIS
status is inoperable.

SIS redundant  piping trains  and
containment penetrations are
physically separcted swch ihat fwlure
of cne train will not cawse failere of
other trains.

The SIS pormits periodic iaspection  of
important components such as injec-
tion nozzles, piping, pumps, and
vaives.

The SIS permits fanctional testing of
the full ocperationai sequence that
brings the svitemr into operation,

{t

11

12.

Inspections, Test, Anaiyses

Perform tests to venfy operation of
the SIAS bypass and SIS morerable
mdications.

Visual inspections will be performed
acanst  construction  drawings to
verify  physical separation of SiS
piping traies 2and centainment
penetrations.

Perform wisnal mspection  of access-
ihility for periodic inspections of the
SIS injection nozzles, piping, pumps,
and valves.

Demonstrate that the SIS fuil opera-
fional sequence can be tested by per-
forming tests to show that a low pres-
surizer pressure  condition  or lugh
containment pressure conditior  gen-

i0

1L

e

o

H
SIAT bypass and SIS statas inoperable
are automatically indicated.

Four quadrant separation 15 provided
for the SIS pipmg irains  and
coniamnment penetrations

Access 18 provided for inspection of
SIS injection nezzies, piping, pumps,
and valves.

The imitiation signals genmeraic an
SIAS, an SIAS actuates the SI pumps
and associated valves, and the SIS de-
livers flow through ecither the SI hines
to the RCS or the test lines to the
IRWST.
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TABLE 1.6.5-1 (Continued) DRAFT
SAFETY INJECTION SYSTEM
Insy, ofi and A iteria
Certified Design Commitment Inspections, Test, Analyses Acceptance Criferia

an SIAS, an SIAS aciuates the Sl
pumps and associated valves, and the
SIS delivers flow 1o the RCS wia the SI
lines or to the IRWST wa the test
lines. These tests may be combined
with ITA 4.2}
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L.7.1

L7

PLANT PROTECTION SYSTEM DRAF T

Design Description

The System 80+ Plant Protection Sysiem (PPS) is a warning and trip sysiem where
initial warning and trip decisions are implemented with software logic iastalled in
programmable digital devices. The system provides the limit insic, matrix logic and
initiation circuits for both the reactor trip functions and the engincered safety features
functions for the System 80+ Advanced Light Water Reactor design. In the System
B0+ design the reactor trip function is implemented by process instrumentation, the
PPy and the reactor .rip switchgear. Similarly, the engineered safety features
actuation is implemented by process instrumentation, the PPS, the Engineered Safety
Features-Component Control System, motor stariers and actuated devices.

The primary {unctions of the PPS are to: (1) make the logic decisions related to
warning and trip conditions of the individual instrument channels, and (2) make the
decisions for reactor trip and initiation of engineered safety features based on
coincidence of instrument channel trip conditions.

Reactor Trip Actuation Function

The Reactor Trip actuation function of the System 80+ PPS monitors selected plant
conditions and automatically effects rapid reactor shutdown (reactor trip) if monitored
conditions exceed safety system setpoints. Initiation of a reactor trip for the following
conditions has been demonstrated to meet PPS functional requirements:

Variable Overpower

High Logarithmic Power Level
High Local Power Density

Low Departure from Nucleate Boiling Ratio
High Pressurizer Pressure

Low Pressurizer Pressure

Low Steam Generator Water Level
Low Steam Generator Pressure
High Containment Pressure

High Stcam Generator Wate: Level
Low Reactor Coolant Flow

The PPS includes limit logic for simple process-value to set point comparison; the
limit logic is implemented in devices referred to as bistable processors. In addition
the PPS includes limit logic for complex calculations of the departure from nucleate
boiling ratio and the local power density, which 1s implemented in devices referred to
as Core Protection Calculators.
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Il the setpoint for a trip condition varies with power, the setpoint change is
performed aviomatically within the PPS. For each trip condition, pre-trip alarms are
previded. These can provide the operator with an opportunity to take control actions
1o avoid the trip limi condition,

As shown in Figures 1.7.0a and 1.7.1b, the PPS includes the following elements:

bistable trip, local coincidence logic, reactor trip initiation logic, FSE function.. .

initiation logic, and automatic testing of PPS logic. The PPS i« divided into four
channels, and each channel has a pair of b table processors, referred (o as the Plant
Protection Caleulator (PPC), and a Core Protection Calculator. The bistable trip
processors generate trips based on the measurement channel digitized value exceeding

digital setpoint. The wrip outputs of the bistabie processors and the core protection
caleulators are sent 1o the local coincidence logic processors. Fach local coincidence
logic processor receives four trip signals, one from its associated bisiable processor or
CPC in the channe! and one from each of the equivalent bistabie processors or CPCs
located in the other three channels. The coincidence processors evaluate the local
coincidence logic based on the state of the four like trip signals and their respective
bypasses. A coincidence of two-out-of-four like trip signals is required to generate
a rzactor trip or ESF initiation signal. The fourth channel is provided as a spare and
allows bypassing of one channel while maintaining a two-out-of-three system.

The coincidence signals are used in the generation of the Reactor Trip Switchgear
System (RTSS) or Engincered Safety Features-Component Cenirol System (ESF-
CCS) initistion. Upon coincidence of two signals indicating one of the trip conditions,
the PPS initiaves actuation of the Reactor Trip Switchgear (RTSG). The reactor trip
switchgear breakers interrupt power to the Control Element Drive Mechanism
(CEDM) cols, allowing all CEA's to drop into the core by gravity. The RTSG can
be tripped manually from the Main Control Panel (MCP) and Remote Shutdown
Panel (RSP) independent of the PPS bistable and coincidence processors.

Engingered Salety Features Actuation Function

The Engineered Salety Features actuaiion function of the System 80+ PPS monitors
selected plant conditions and automatically initiates engineered safety features
actuation signais (ESFAS) to the Engineered Safety Features-Component Control
Systems (ESF-CCS) when monitored conditions exceed safety system setpoints.

The ESF-CCS actuates the plant’s ESF System components (for example pumps,
valves, cic.). The System 80+ PPS initiates the following ESF actuation signals:

Safety Injection Actuation Signal
Containment Isolation Actuation Signal
Containment Spray Actuation Signal
Main Steam Isolation Signal

Emecrgeacy Feedwater Actuation Signai-1
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Emergency Fecdwater Actuation Signal-2
Conditions which can initiate one or more of the above ESF actuations are:

l.ow Pressurizer Pressure

Low Steam Generator Water Level
wmmnmete 201 S1C8mM Generator Pressure

High Containment Pressure

High Steam Generator Water Level

Low Reactor Coolant Flow

High High Contzinment Pressure

Using the same method as described above for the 1eactor tup eaaditions, these ESF
actuation conditions are monitored by the PPS bistabie processors and trip outputs
are sent to the local coincidence processors for detechon f two or more tripped
conditions. The functional logic used in the F¢S i peneate each of the ESF
initation signals is shown in Figures 1.7.1¢, 1.7.1d, 1.77e 2ad 1.7.1£.

Manual initiation of the ESF actuations. inde “endent Hf the bistable and coincidence
processors can be performed at either the main Coatrol Panel (MCP) or the Remote
Shutdown Panel (RSP). The FPS intenace at ke ML 2 provides for manual initiation
of all ESF actuation signals. The PPS interface at the RSP provides for manual
initiation of the Main Steam Isolation Signal. The ESF-CCS interfaces provide for
initiation of all ESF functions on a trein or compouent basis at either the MCP or
RSP

PPS Divisional Separtic and lialati

The PPS is a four div +on system which is desigred to provide reliable single (ailure
prc  apabili,, to automatically or mavue!ly initiate a reacter scram while maintaining
protectionr  Tainst unnecessary scrams resulting Yrom single feilures in the PPS. All
functions o1 the PPS and the components of the system are saiety-related. The PPS
and' the eleet ical equipment of the system are also classified as Safety Class 3, Seismic
Category | and as IEEE electrical categary Class 1E.

PPS components and equipment are separated or segregated from process control
system circuits and functions such a. to minimize control and protection system
interactions. Any necessary interlocks from the PPS to control systems are through
isolation Jevices.

The PPS remains single-failure proof even when one entire division of channel
sensors s bypassed und/or when one of the four automatic PPS trip bistable
processors or CPCs is out-of-service. All equipment within the PPS is designed to fail
into a trip iritiating state or other safe state on loss of power or input signals or
disconnection of portions of the system. The system also includes trip bypasses and
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isolated outputs for display, annunciation or performance monitoring. PPS inter(aces
to the Power Control System, Discrete Indication and Alarm System. Data Processing
System, PPC Operator Modules and the Mainte- ind Test Panel are electrically
isolated so that no malfunciion of the associated equipment can functionally disable
any portion of the FPS. The PPS related equipment is divided into four redundant
divisions of sensor (instrument) channels, trip logics and trip actuators, and manual
scram controls and scram logic circuitry. The automatic and manual scram initiation
logic systems are independent of each other and use diverse methods and equipment
to initiate a reactor scram. Once a reactor trip has been initiated, the breakers in the
reactor trip switchgear latch open, assuring that the intended fast insertion of all
control rods into the reactor core cannot be compromised bv any action of the normal
power control system. After all of the trip conditions have oeen cleared, deliberate
operator action is required to manually reciose the trip breakers.

Figure 1.7.1b shows the PPS divisional separation aspects and the signal flow from the
process instrumentation to the individual channels for initiation of protection sysiem
functions. The PPS includes calculators, logiv, and other equipment necessary to
monitor selected plant parameters and plani conditions and to effect reliable and
rapid reactor shutdown (reactor trip) and actuate appropriate ESF System
components if monitored conditions approach specified safety system settings. Four
measuiement channels with electrical and physical separation are provided [or cach
parameter used in the direct generation of trip signals, with the exception of Control
Element Assembly (CEA) position which is a two channel measurement. Trip
bistable settings associated with initiation of reactor trip are selected to protect the
core fuel design limits and the Reactor Coolant System (RCS) pressure boundary for
Anticipated Operational Occurrences, and also to provide assistance in mitigating the
consequences of accidents.

Basic System Parameters are:
a. Number of independent divisions of cquipment 4

b. Minimum number of sensors per trip variable 4
(at least one per division)

-k Number of automatic trip systems (one per division) 4
d Automatic <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>