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Design Differences Document

Development of AP600-Specific Emergency
Response Guidelines

Differences Between the Two-Loop Low-
Pressure Reference Plant and the AP600
Plant
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On the AP6(X), these f anctions are performed by
the protection and safety mcaitoning system, which
includes the integrated pro*=~* un system that performs
the reactor tnp function.

The protection and safety monitoring system
provides safety-related, automatically and manually
actuated reactor trip capabiliies. The protection and
safety monitoring system also monitors plant parameters
required to ascertain the state of the plant and provide
guidance for manual operator actions.

The APH00 has several design differences from
the low-pressure reference plant with respect 1o the
process parameters and equipment status that are
monitored (input signals) and initiate a reactor trip. The
results (output signals) of the reactor trip are sumular for
the two plants. From the standpoint of emergency
operating strategies that are primarily associated with
operator actions after the reactor trip is initiated, the
function of the AP6(X) systems are similar to the low-
pressure reference plant system,

Engineered Safety Features Actuation System - The
low-pressure reference plant engineered safeguards
features actuation system monitors specified process
parameters and actuates and sequences the vanous
emergency safeguards features if conditions exceed
specified limits.

On the AP600, these functions are performed by
the protection and safety monitoring system. The
protection and safety monitoning system includes the
integrated protection system that performs the functions
of the engineered safeguards features actuation
subsystem, and the diverse actuation system.

The protection and monitoring system provides
the safetv-related capability for automatic and manual
actuation of engineered safeguards features. The
protection and safety monitoring system also monitors
plant parameters required to ascertain the state of the
plant and provide gumdance for manual operator actions.

The AP600 has some design differences
compared 10 the low-pressure reference plant with
respect 1o the process parameters that are monitored
(input signals) and the equipment that is automatically
actuated (output signals). Despite these differences. the

AP6X) systems are functionally similar to the low-
pressure reference plant system from the standpoint of
emergency operating strategies.

Nuclear Instrumentation System — The low-pressure
reference plant nuclear instrumentation system monitors
and displays the reactivity state of the reactor core.

On the AP600, the instrumentation that
performs this function is included in the protection and
monitoring system. From the standpoint of emergency
operating strategies, the AP600 system is functionally
similar to the low-pressure reference plant system.

Control Rod Instrumentation System - The low-
pressure reference plant control rod instrumentation
system monitors and displays the position of the reactor
core control rods.

On the AP6(X), these functions are performed by
the plant control system, which includes the rod position
indication function. From the standpoint of emergency
operating strategies, the AP600 system is functionally
similar 1o the low-pressure reference plant system,

Radiation Instrumentation System - The low-pressure
reference plant radiation instrumentation system monitors
the radiation levels in specified process systems and
specified areas internal and extemnal 1o the plant.

On the AP600, monitoring specified areas of the
plant is performed by the radiation monitoring system,
which is supported by radiation sensors located in
specified AP600 process systems, such as the steam
generator system. From the standpoint of emergency
operating strategies, the AP600 systems are functionally
similar to the low-pressure reference plant system.

Containment Instrumentation System - The low-
pressure reference plant containment instrumentation
system monitors the environment conditions and
1solation status of containment.

On the AP600, this function is performed by the
protection and safety monitoring system. The protection
and safety monitoring system uses input signals from
containment condition sensors in other AP6(0X) systems.
From the standpoint of emergency operaling strategies.
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the AP6OX) system is functionally similar to the low-
pressure reference plant system.

Reactor Coolant System — The low-pressure reference
plant reactor coolant system transfers heat from the
reactor core to the main steam system or residual heat
removal system to provide a barmer against the release
of reactor coolant or radioactive material 10 the
containment environment.

On the AP600, this function is performed by the
reactor coolant system.  From the standpoint of
emergency operating strategies, the AP600 system is
stmilar to the low-pressure reference plant system for
this function, although the operaton of various
components differ from that in the ERGs.

Safety Injection System — The low-pressure reference
plant safety ijection system provides makeup to the
reactor coolant system and introduces negative reactivity
or restncts the addition of positive reactivity for events
that require engineered safeguards features operation,
On the AP60X. these funciions are performed by
the passive core cooling system. The AP600 system 1s
significantly different from the low-pressure reference
plant system since 1t delivers cooling flow to the core
via passive sources and does not include any safety
injection pumps. The automatic depressunzation system
funcuons 10 reduce reactor coolant system pressure
sufficiently to allow the intermediate and low pressuic
passive core cooling system tanks to provide injection
flow. The capability for providing short-tzrm and long-
term makeup flow to the core stll exists and is
performed by the passive core cooling system. From a
standpoint of emergency operating strategies, the AP600
system is functionally similar to the low-pressure
reference plant system even through the system is
significantly different and the operation of vanous
components difter significantly from that in the ERGs.

Residual Heat Removal System - The low-pressure
reference plant residual heat removal svstem provides
low pressure safety injection during events that require
safeguards features operaton and removes residual heat

from the reactor coolant system during plant shutdowns
at low reactor coolant system pressures.

On the AP600, these functions are performed by
the safety-related passive residual heat removal heat
exchangers and the nonsafety-related normal residual
heat removal system. The normal residual heat removal
system can be manually aligned to provide low pressure
injection from the in-containment refueling water storage
tank and can also be aligned to provide closed-loop
shuidown cooling. This system differs from the low-
pressure reference plant system in that it does not share
components with engineered safeguards systems and its
components are not actuated by an engineered safety
feature actuation signal.

The passive core cooling system is the safety-
related system that provides low-pressure injection flow
from several injectuon sources. The passive core cooling
system also provides residual heat removal at any reactor
coolant system pressure via the passive residual heat
removal heat exchangers. The passive core cooling
system equipment is autr mencally actuated by the
proteciion and safety momsownng  svstem  using
engineered safety feature ac‘unacon. The protection and
safety monitoring system includes the capability to
manually actuate the passive core cooling system. From
the standpoint of emergency operating strategies. the
AP600 system 1s functionally similar to the low-pressure
reference plant system, although the operation of the
vanous components differ from that © the ERGs,

Chemical and Volume Control System - The low-
pressure reference plant chemical and volume control
system provides makeup to the reactor coolant system
and provides reactivity control for normal operations and
for any event that does not require engineered safeguards
features operation.

On the APS(X), these functions are performed by
the chemical and volume control system. The AP600
chemical and volume control system is different from
the low-pressure reference plant system. Its functions
are similar to those of the low-pressure reference plant.
The operation of various components differ from that in
the existing ERGs, but from the overall standpoint of
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emergency operating strategies, the AP600 system is
similar,

Component Cooling Water System - The low-pressure
reference plant component cooling water system provides
heat removal from components containing radioactive
fluids via an intermediate closed-loop system. This
function is required for both normal operation and
enginecred safety features operation.

On the AP600, this function i1s performed by the
component cooling water system for normal operation.
However, it is not required for engineered safety features
operation and is, therefore, nonsafety-related. The
AP600 component cooling water system IS not an
engineered safeguards features system and is not
automatically actuated by the protection and safety
monitoring system. This functional difference does not
significantly impact the ERG emergency operating
strategies. However, operation of various components
differ from that in the ERGs.

Service Water System — The low-pressure reference
plant service water system provides heat removal from
system processes and equipment to the ultimate heat sink
via an open-loop system. This function is required for
both normal operation and engineered safety features
operation.

On the AP6(X), this function is performed by the
service water system for normal operation. However, 1t
is not required for engineered safety features operation
and is, therefore, nonsafety-related. The AP600 service
water system is not an engineered safeguards features
svstem and is not automatically actuated by the
protection and monitoring system., This functional
difference does not significantly impact the ERG
emergency operating strategies. However, operatior. of
vanious components differ from that in the ERGs.

Containment Spray System - The low-pressure
reference plant containment spray system provides
containment pressure suppression and airborne fission
product removal for events that require engineered
safeguards features actuation.

On the AP6(0. the pressure Suppression
function 1s performed by the safety-related passive
containment cooling system. The passive containment
cooling system removes heat from containment and thus
suppresses containment pressure for events that release
mass and energy to the containment. It 1s designed to
deliver cooling flow to the outside of the steel
containment shell to remove energy from the reactor
containment to prevent the containment from exceeding
its design pressure and to reduce containment pressure
following design basis events.

On the AP600. rhe airborme fission product
removal function is performed by the combined
operation of the passive containment cooling system arnd
the containment sump pH control system, which is part
of the passive core cooling system. The steam released
in containment 15 condensed on the steel containment
shell due to cooling from the passive contanment
cooling system and this process removes airborne fission
products. The containment sump pH control system
adds sodium hydroxide to the floodup inventory in
containment 1o maintain the required recirculation sump
pH to promote fission product retention.

From the standpoint of emergency operating
strategies. these two AP600 systems are functonally
similar to the low-pressure reference plant system,
although the systems are significantly different from the
low-pressure reference plant system and the operation of
various components differ significantly from that in the
ERGs.

Containment Atmosphere Control System - The low-
pressure reference plant containment atmosphere control
system provides containment heat removal and
combustible gas mixture control. For this low-pressure
reference plant system, the containment heat removal
function is provided by containment fan coolers.
Containment combustible gas mixture control is provided
by hvdrogen recombiners and contanment fan coolers.
which provide mixing of the containmeni atmosphere.
The AP60¥) design includes containment fan
coolers, that provide containment heat removal during
normal operations. However, the AP600 containment
fan coolers are not engineered safety features equipment

@)oo
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system which is a subsystem of the passive core cooling
system. The system is automatically actuated by the
protection and safety monitoring system. The passive
residual heat removal system circulates reactoi coolant
to a pnmary loop heat exchanger locaied in the in-
containment refueling water storage tank to remove heat
directly from the reactor coolant.

From the standpoint of emergency operatung
strategies, heat removal from the reactor coolant is
provided for the AP600 by the passive residual heat
removal system. Providing water to the secondary side
of the steam generators is not required subsequent to
engineered safety features actuation. Consequently, the
overall emergency operating strategies of the ERGs
continue to apply to the AP600 even though the systems
and components that provide heat removal from the
reactor coolant differ significantly.

Steam Generator Blowdown System - The low-
pressure reference plant steam generator blowdown
system provides letdown from the secondary side of the
steam generators.

On the AP600, this functon is performed by the
steam generator system and the steam generator
blowdown system. The AP600 steam generator system
comesponds to the safety-related portions (that is.
upstream of the blowdown isolation valve) of the low-
pressure reference plant system. The AP600 steam
generator  blovdown system corresponds  to  the
nonsafety-related portions (that 1s, downstream of the
blowdown isolaticn valve) of the low-pressure reference
plant system. Any design differences do not
significantly affect the emergency operating strategies,
and the AP600 system can be used in a similar manner
as the low-pressure reference plant system for this
function.

Sampling System - The low-pressure reference plant
sampling system provides a means of obtaining
representative fluid samples for laboratory or on-line
analysis. The sampling system consists of equipment
that can be used to sample the reactor coolant system,
the steam generators, and the contamnment recirculation
sump.

On the AP600C, this function is performed by the
primary sampling system and the secondary sampling
system. Any design differences do not significantly
affect the emergency operating strategies, and the AP600
systems can be used in a manner similar to the low-
pressure reference plant system for this function.

Spent Fuel Storage and Cooling System - The low-
pressure reference plant spent fuel storage and cooling
system controls fuel storage positions 10 maintain a
subcritical geometnic configuration and to provide heat
removal to maintain stored fuel within specified
temperature limits.

On the AP600, this function is performed by the
spent fuel pit cooling system. The AP600 spent fuel pit
cooling system is nonsafety-related. Following loss of
onsite and offsite ac power, the spent fuel is cooled by
the heat capacity of the water in the pit. Safety-related
connections are provided in the spent fuel pit cooling
system so that makeup can be made to the pit if
necessary. From the standpoint of emergency operating
strategies, the AP600 system is similar 1o the low-
pressure reference plant system and can be used in a
similar manner for this function. Design differences do
not significantly affect the emergency operaung
strategies. although operation of vanous components
differ from that in the ERGs.

Control Rod Drive Mechanism Cooling System - The
low-pressure  reference  plant control rod dnve
mechanism cooling system provides heat removal from
the control rod drive mechanisms.

On the AP600, this function is performed by the
reactor system, which includes the integrated head
package. From the standpoint of emergency operating
strategies, the AP600 system is functionally similar to
the low-pressure reference plant system for this function.

Control Rod Control System - The low-pressure
reference plant control rod control system controls the
position of the control rods in the reactor core.

On the AP60X), this function is performed by the
plant control system, which includes the rod control
subsystem. From the standpoint of emergency operating

() wesgouse
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strategies, the AP600 system is functionally similar to
the low-pressure reference plant system for this function.

Turbine Control System - The low-pressure reference
plant turbine control system controls the turbine-
generator.

On the AP600, this function 15 performed by the
main turbine control and diagnostic svstem. From the
standpoint of emergency operating strategies, the AP600
system is functionally similar to the low-pressure
reference plant system for this function.

Electrical Power System (ac and dc) - The low-
pressure reference plant electrical power system provides
ac and dc electnical power 10 equipment that requires
electnical power to accomplish its functions. In addition
to the offsite ac power supply, the system includes the
onsite emergency ac and dc power supplies. which are
powered by separate safety-related emergency diesel-
generators and battery banks, respectively.

On the AP600. providing ac power is & normal
operations function and not an engineered safe-guards
features function. It 1s provided by a number of
nonsafety-related electncal svstems and includes two
nonsafety-related diesel-generators. Only the supply of
dc  power for safetv-related dc  loads, vital
instrumentation (including monitoring ). and control room
emergency lighting is an engineered safeguards features
function, The supply of safety-related dc power is
provided by the Class 1E dc ard UPS system.

From the standpoint of emergency operating
strategies, the absence of a need for safety-related ac
power following engineered safety features actuation
does affect emergency operating strategies. This
potentially eliminates the need for strategies to cope with
and recover from the loss of ac power. As a minimum,
it changes the priority associated with the restoration of
ac power (either from the nonsafety-related onsite diesei-
generator or the offuite power supply) for the AP600.

Pneamatic Power System - The low-pressure reference
plant pneamatic power system provides a supply of
pneumatic  power (typicaliy instrument air) for
struments and controls.

On the AP600. this function is performed by the
compressed and instrument air system for normal
operation. However, it is not required for engineered
safety features operation and is, therefore, nonsafety-
related. The AP600 compressed and instrument air
system 1s not an engineered safeguards features system
and 1s not automatically actuated by the protection and
safety monitoring system. This function difference does
not significantiy impact the ERG emergency operating
strategies. However. operation of vanous components
differ from that in the ERGs.

From the standpoint of emergency operating
strategies, the AP600 system is functionally similar to
the low-pressure reference plant system for this function.

ATWS Mitigation System - The low-pressure reference
plant ATWS mitgation system provides diverse
automatic actuation of turbine trip and auxiliary
feedwater.

The AP6(X) diverse actuation system provides
nonsafety-related diverse actuation of turbine trip and
passive residual heat removal in the evemt of an
anticipated transient without scram. Diverse actuation of
the passive residual heat removal system provides decay
heat removal corresponding to the function of the
auxiliary feedwater system in the jow-pressure reference
plant.

From the standpoint of emergency operating
strategies for ATWS. the diverse actuation system is
functionally similar to the low-pressure refecence pant
system for this function,

The APS00 diverse actuation svstem also
includes nonsafety-related diverse capability for manual
and automatic actuation of reactor trip and selected
engineered safety features. The diverse actuation system
also monitors the plant parameters required to ascertain
the state of the plant and provide guidance for operator
actions utilizing the diverse manual controls.

From the standpoint of emergency operating
strategies for events other than ATWS, the additional
capabilities provided by the AP600 diverse actuation
system do affect emergency operating strategies. The
emergency operating strategies will need to be expanded

8
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1o include the diverse manual and automatic actuation
capabilities.

Comparison of System Design Features

Following tne system function review, system
design features that may affect emergency operations
were compared. The results of this comparison are
summarnzed in Table 3. Table 3 presents a summary of
the significant design feature differences between the
low-pressure reference plant and the AP600. The term
same is used in Table 3 to indicate that from the
standpoint of emergency operations, the specific design
for the AP600 system and the low-pressure reference
plent system is basically the same. That 1s, when
writing the AP600 high-level operaiur action strategies,
no change te the structure or operational strategy of the
ERGx is anticipated.

9
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Design Differences Document

Table 1 (Sheet | of 2)

Comparison of Low-Pressure Reference Plant Systems and AP600 Systems

Low-Pressure Refercnce Plant Svstems AP600 Systems ACRONYM
NAME NAME

1. Reactor Trip Actuation System 1. Protection and Safety Monitoring System PMS'™"
(Reactor Trip Subsystem)

2 ESF Actuation System 2. Protection and Safety Monitoring System PMS'"
(ESF Actuation Subsystem)

3. Nuclear Instrumentation System 3. Protection and Safety Monitoring >ystem PMS"

4. Control Rod Instrumentation System 4. Plant Control System PLS
(Rod Position Indication Subsystem)

5. Radiation Instrumentation System 5. Radiation Monitoring Systein RMS

6. Containment Instrumentation System 6. Protection and Safety Monitoring System PMS"
Passive Containment Cooling System PCS"™
Passive Core Cooling System PXs"

7. Reactor Coolant System Reactor Coolant System RCS™

K. Safety Injection System Passive Core Cooling System PXs™

9. Residual Heat Removal System Normal Residual Heat Removal System RNS™
Passive Core Cooling System PXS'"

10. Chemical and Volume Control System 10. Chemical and Volume Control System Ccvs®

11. Component Cooling Water System 11. Component Cooling Water System Cs

12. Service Water Svstem 12. Service Water System SWS

13. Containment Spray System 13, Passive Containment Cooling System PCS"
Passive Core Cooling System PXs™

14. Containment Atmosphere Control System 14, Containment Hydrogen Control System VLSW

15. Main Steam System 15. Steam Generator System"™ SGS
Main Steam System MSS

16. Main Feedwater and Condersate System 16, Steam Generator System'” SGS™
Main Feedwater System FWS
Condensate System CDS

" These AP600 systems are safety-related systems for accident mitigation.

' These AP600 systems (or portions of these systems) are safety-related systems for pressure boundary

ntegrity.
“ The AP60X) steam generator system contains the safety-related steam generator pressure boundary portions
of the corresponding low-pressure reference plant systems,
10
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Design Differences Document

Table 1 (Sheet 2 of 2)

Comparison of Low-Pressure Reference Plant Systems and AP600 Systems

Low-Pressure Reference Plant Systems AP600 Systems ACRONYM
NAME NAME

17. Auxiliary Feedwater System 17. Steam Generator System'” SGS™
Startup Feedwater System FWS
Passive Core Cooling System PXS"

18. Steam Generator Blowdown System 18, Steam Generator System'” SGS™
Steam Generator Blowdown System BDS

19, Sampang System 19. Primary Sampling System PSS
Secondary Sampling System SS§S

20. Spent Fuel Storage and Cooling System  20. Spent Fue! Pit Cooling Jystem SFS

21. Control Rod Drive Mechanism Cooling 21. Reactor System RXS

System

22. Control Rod Control System 22. Plamt Control System PLS
(Rod Control Subsystem)

23, Turbine Control System 23. Main Turbine Control and Diagnostic TOS
System

24, Electric Power System (ac and dc) 24. Electrical Power Systems (ac and dc) .

25. Pneumatic Power System 25. Compressed and Instrument Air System CAS

' These AP600 systems are safety-related systems for accident mitigation.
@ These AP600 systems are safety-related systems for pressure boundary integrity.

" The AP600 steam generator system corresponds 1o the steam generator pressure boundary portions of the
comesponding low-pressure reference plant systems.

" The AP0 electrical power systems consist of a number of systems, including the Class 1E dc and UPS
system (IDS). which provides safety-related dc power and ac instrumentation power, and the onsite
standby power system (ZOS), which is a nonsafety-related system and includes the nonsafety-related
diesel generators.

1"
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Table 2 (Sheet 1 of 5)

APG600 Systems and Acronyms

NSSS/Steam Generator Auxiliary Systems

Steam Generator Blowdown System BDS"
Containment System CNS
Chemical and Volume Control System cvs®?”
Passive Containment Cooling System PCS'"
Passive Core Cooling System PXS™
Reactor Coolant System RCS™
Norma! Residual Heat Removal System RNS"
Reactor System RXS™"
Steam Generator System SGS™
Main Power Cvele & Auxiliary Systems
Condensate System CDS"™
Turbine Island Chemical Feed System GFS
Condensate Polishing Sysiem CPS
Demineralized Water Treatment System DTS
Demineralized Water Transfer and Storage System DWS
Main and Startup Feedwater System Fws'
Heater Drain System HDS
Main Steam System MSS™
Main Turbine System MTS
Raw Water System RWS
Turbine Isiand Vents, Drains and Relief System TDS
Gland Seal System GSS
Non-Class 1E Power Systems

Main ac Power System ECS
Non-Class 1E dc and UPS System EDS
Onsite Standby Power System ZOos"

These AP600 systems are included in the Table 1 system comparison.

12
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Table 2 (Sheet 2 of §)

AP600 Systems and Acronyms

Non-Nuclear Controls and Monitoring Systems

Data Display and Processing System
Fire-Smoke Detection and Alarm System

Meteorological and Environmental Monitoring System

Plant Control System

Plant Secunty System
Secondary Sampling System
Closed Circuit TV Sys.em
Diverse Actuation System
Special Monitoring System

Nuclear Control and Monitoring Systems

Incore Instrumentation System
Operations and Control Centers System
Protection and Safety Monitoring System
Primary Sampling System

Radiation Monitoring System

Seismic Instrurnentation System

Material Handling Systems

Fuel Handling and Refueling System
Mechanical Handling Systems

Class 1E and Emergency Power System

Class 1E dc and UPS System

These AP600 systems are incloded in the Table 1 system comparison.

DDS
FDS
MES
L
SES
SSS1}I
TVS
DAS
SMS

1N
oCS
PMS™
PSS”'
RMS“
SIS

FHS
MHS

[‘DSH

() Westngrosse
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Design Differences Document

Table 2 (Sheet 3 of §)

APB00 Systems and Acronyms

Cooling and Circulating Water Systems

Cooling Tower Makeup and Blowdown System CBS
Component Cooling Water System ccs™
Condenser Tube Cleaning System CES
Circulating and Service Water Chemical Injection System C1.S
Cooling Tower System CTS
Circulating Water System CWS
Spent Fuel Pit Cooling System SFS"
Service Water System SWS"
Turbine Building Closed Cooling Water System TCS

Piping Services Systems

Compressed and Instrument Air Systems CAS"
Fire Piotection Systems FPS
Plant Gas Systems PGS
Potable Water System PWS

Miscellaneous Electrical Systems

Secunity Lighting System DCS
Communication Systems EFS
Grounding and Lightning Protection System EGS
Special Process Heat Tracing System EHS
Plant Lighting System ELS
Cathodic Protection System EQS

" These AP600 systems are included in the Table 1 system comparison.

14 :
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Table 2 (Sheet 4 of 5)

AP600 Systems and Acronyms

Radwaste Systems

These AP600 systems are included in the Table 1 system comparison.

Gaseous Radwaste System WGS
Liguid Radwaste System WLS
Radioactuve Waste Drain System WRX
Spent Resin Processing System WSS
Turbine-Generator Controls and Auxiliary Systems
Condenser Air Removal System CMS
Generator Hydrogen and CO2 Systems HCS
Hydrogen Seal Oil System HSS
Main Turbine and Generator Lube Oil System LOS
Stator Cooling System SCS
Main Turbine Control and Diagnostics System TOS"
HVAC Systems

Radiologically Controller Area Ventilation Sysem VAS
Nuclear Istand Non-Radioactive Ventilation System VBS
Containment Recirculation Cooling System VCS
Main Control Room Habitability System VES
Containment Air Filtration System VES
Health Physics/Control Access Area HVAC System VHS
Containment Hydrogen Control System VLS
Pump House Building Ventilation System VPS
Solid Radwaste Building Ventilation System VRS
Turbine Building Ventilation System VTS
Containment Leak Rate Test System VUS
Central Chilled Water System VWS
Annex/Aux Non-Radioactive Ventilation System VXS
Hot Water Heating System VYS
Diesel Generator Building Ventilation System VXS

(B) v
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Design Differences Document

Table 2 (Sheet 5 of 5)

AP600 Systems and Acronyms

Auxiliary Steam System

Auxiliary Steam Suppiv System ASS

Non-Radioactive Drain Systems

Storm Drain System DRS
Gravity and Roof Drain Collection System RDS
Sannary Drainage System SDS
Waste Water System WWS

Fuel Systems

Onsite Standby Diesel Generator Fuel Oil Storage and Transfer System DOS

(yeneration and Transmission Systems

Main Generation System ZAS
Switchyard System ZBS
Startup Transformer System 2S5
Excitatnon and Voltage Regulanon System ZVS

16
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Design Differences Document

Table 3 (Sheet 1 of 21)

Comparison of System Design Features

Low-Pressure Reference Plant Design
1. Reactor Trip Actuation System

Reactor trip signal, including generation of P-4
signal to:

Turbine trip logic

Feedwater isolation logic

SI block logic.

L

Engineenng Safeguards Features Actuation
System

Safetv injection (SI) signal

ST actuation from:
Manual
High-1 containment pressure
- Low pressurizer pressure
Low steam line pressure,

Actuated on SI signal:

- Reactor trip

- Feedwater isolation
Auxibary feedwater start
Diesel-generator stan
Emergency fan cooler stan
Safety injection system start
Component cooling water system start

- Service water system start

- Containment isolation phase A

- Containment ventilation solation

AP600 Design

Similar, except that reactor trip is also generated by
the diverse actuation signal.

SI actuation from:
- Manual
High-1 containment pressure
Low pressurizer pressure
Low steam pressure (in any SG)
Low T_,, {in any loop).

When pressurizer pressure exceeds the P-11 setpoint,
the accumulators are automatically armed for use by
opening of the isolation valves.

Actuated on S signal:
- Reactor trip
- Feedwater wsolation
- Passive core cooling system start core makeup tank
(CMT) and in-containment refueling water storage
tank (IRWST) actuation
Containment isolation
RCP trip (with ume delay)
Turbine trip

@
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Table 3 (Sheet 2 of 21)

Comparison of System Design Features

Low-Pressure Reference Plant Design AP600 Design

SI reset/block features include: SI reset/block features include:

- Manual reset/block of SI signal - Manual reset/block of SI signal
Manual reset/block of low pressurizer - Manual low pressurizer pressure safeguards reset/
pressure signal (P-11) block (for low pressurizer pressure signal)
Manual! reset/block of low steam Line - Manual steam/feedwater 1solation and safeguards
pressure signal, reset/block (for low steam pressure signal and low

Teuiq signal).
Once SI signal is reset, SI signal cannot be Same,

automatically actuated untl reactor trip breakers
are closed (P-4 removed).

Reset/block of low pressurizer pressure signal and Similar, except block also apphes to low T, signal.
low steam line pressure signal are interlocked

with pressurizer pressure (P-11) permissive.

Reset/block automatically cleared with pressurizer

pressure exceeds permissive setpoint,

Contunment Sprav_Signal

Containment spray actuation signal actuated on:  Containment cooling actuation signal on:

Manual - Manual

High-3 containment pressure setpoint. - High-2 containment pressure setpoint.
Equipment actuated on containment spray signal:  Equipment actuated on containment cooling actuation
- Containment spray system start signal:

Containment isolation phase B. - Passive containment cooling system start.

A containment isolation phase B signal does not exist;
there are no phase B isolation valves.

Separate manual resets are provided for: Separate manual reset is provided for:
- Containment spray signal - Containment cooling actuation signal
- Containment 1solation phase B signal.

Containment cooling is also actuated by the diverse
actuation system on:

Manual

High containment temperature

18
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Table 3 (Sheet 3 of 21)

Comparison of System Design Features

Low-Pressure Reference Plant Design
Auxiliary Feedwater (AFW) Start Signal

Auxiliary feedwater start signal for the

motor-driven AFW pumps is actuated on:
S1 signal

- Tnp of all main feedwater pumps
Blackout signal from associated ac
emergency bus

- Low-low level in any SG.

Auxiliary feedwater start signal for the
turbine-driven AFW pump is actuated on:
- Low-low level in two SGs

Loss of power signal.

Equipment actuated on auxiliary feedwater start
signal includes closure of:
SG blowdown isolation valves
SG sample valves.
Passive Residual Heat Removal Actuation (PRHR)

Not included in LP reference plant.

AP6O0 Design

Not included in the AP6(X), which does not have a
safety-related auxiliary feedwater system. See Passive

Re

sidual Heat Removal (PRHR) actuation for

equipment system function.

Th

¢ PRHR is actuated on:

Manual

Low SG level (narrow range) in any SG (with
signal delay) in combination with low startup
feedwater flow

Low SG level (wide range) in any SG

- Coincident with first stage ADS actuation signal

Core makeup tank actuation

The PRHR is also actuated by the diverse actuation
system on:

Manual
High hot leg temperature
Low SG level (wide range)

19
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Table 3 (Sheet 4 of 21)

Comparison of System Design Features

Low-Pressure Reference Plant Design

Containment Isolation Phase A Signal

Containment 1solation phase A signal is
actuated on:

Manual

SI actuation signal,

Manual reset is provided for containment
1solation signal.

Containment Isolation Phase B Signal

High-3 containment pressure

Main Steam Line Isolation Signal

Main steam line 1solation signal for SGs is
actuated on;

Manual

High-2 containment pressure.

AP600 Design

Equipment actuated on a PRHR actuation signal:
PRHR discharge valves
Close SG blowdown valves.

Manual reset is provided for:
Manual PRHR actuation signal.

Containment isolation signal is actuated on:
Manual
SI actuation signal
Manual actuation of containment cooling signal.

Containment isolation is also actuated by the diverse
actuation signal on:

Manual

High containment temperature

Manual reset is provided for containment isolation
signal,

Not included in the AP600. A containment isolation
phase B signal does not exist, there are no phase B
isolation valves.

Main steam line isolation signai for SGs is actuated
on:

Manual

High-1 containment pressure

Low steam pressure (in any SG)

Low T_,, (in any loop)

High steam pressure negative rate (in any SG).*

* This signal only active when below P-11 and low steam pressure and low T_,, auto signals are blocked.

20
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Table 3 (Sheet S of 21)

Comparison of System Design Features

Low-Pressure Reference Plant Design

Main steam line 1solation signal for only the
affected SG 1s actuated on:
- Low steam pressure

High steam pressure negative rate

(below P-11)

Equipment isolated on main steam line 1solation
signal:

Main steam line isolation valves

Main steam line isolation bypass valves.

Resetblock features include:

- Manual reset for main steam isolation signal
Manual reset/block for low steam pressure
signal.

Manual resevblock for high steam pressure
negative rate signal.

Containment Ventilation lsolation Signal
Included in LP reference plant.

Main Feedwater Isolation Signal

Main feedwater isolation signal for SGs is

actuated on:

- SI signal

- High-high level (P-14) in any SG

- Reactor tnp (P-4) coincident with low RCS
T

gt

AP6DO Design

Main steam line isolation for only the affected SG is
actuated on:
Manual

Same.

Reset/block features include:

- Manual reset for main steam isolation signal
Manual steam/feedwater isolation and safeguards
reset/block (for low steam pressure signal, high
steam pressure negative rate signal, and low
T, Signal).

Manual steam/feedwater isolation and safeguards
reset/block is interlocked with pressurizer pressure
(P-11) permissive setpoint.

Similar. The AP600 has a containment air filtration
system isolation signal on High-1 containment
radioactvity.

Main feedwater isolation signal (close main feedwater
isolation valves, control valves and trip main
feedwater pump) is actuated on:

S1 signal
- Manual.

High-2 SG level (in any SG)

@me

2]
WPF1B58D(CUSD):1D/051294



Table 3 (Sheet 6 of 21)

Comparison of System Design Features

Low-Pressure Reference Plant Design

Equipment isolated on main feedwater isolation
signal:

Main feedwater isolation valves

Main feedwater flow control valves

Main feedwater bypass valves.

Reset/block features include:
Manual reset/block for SI signal
(same as for S signal}
Manual reset for reactor trip signal (P-4)
coincident with RCS low T,

AP600 Design
In addiuon, closure of main feedwater control valves
occurs on:
- Reactor Coolant System (RCS) T, low-1 sutpoint
coincident with reactor trip (P-4).

In addition, closure of main feedwater isolation valves
and trip of main feedwater pumps is actuated on:
- RCS T,,, low-2 setpoint.

Closure of startup feedwater control valves and trip of
startup feedwater pump are actuated on:

RCS Low T_,, setpoint (in any loop)

High-2 SG level (in any SG)

Block of steam dump valves to condenser is actuated
on;
- RCS T,,, low-2 setpoint.
Equipment isolated on main feedwater isolation signal:
Main feedwater isolation valves
Main feedwater flow control valves
- MFW pumps tripped.

Resetblock features include:
Manual reset for manual feedwater isolation signal
Manual steam/feedwater and safeguards reset/block
(for RCS low-1 T, signal and RCS low-2 T,
signal).
Manual steam/feedwater and safeguards reset/block is
interlocked with pressurizer pressure (P-11) permissive
setpoint.
Manual steam dump interlock selector switch provided
for cooldown steamn dump valves to condenser.

22
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Design Differences Document

Table 3 (Sheet 8 of 21)

Comparison of System Design Features

Low-Pressure Reference Plant Design

AP600 Design

First stage of automatic RCS depressurization is also
manually aciuated by the diverse actuation system.

Actuated on ADS first stage signal:

- Reactor trip

- RCP trip

- Actuate PRHR heat exchangers
Second stage of automatic RCS depressurization
actuated on:

First-stage actuation with time delay.

Second stage of automatic RCS depressurization is
also manually actuated by the diverse actuation
system.

Third stage of automatic RCS depressurization
actuated on:
First-stage actuation with time delay.

Third stage of automatic RCS depressurization is also
manually actuated by the diverse actuation system.

Fourth stage of automatic RCS depressurization

actuated on:

- CMT low-4 setpoint coincident with third-stage
actuation (with tuime delay)

Fourth stage of automatic RCS depressurization is also
manually actuated by the diverse actuation system.

WPF1858D(CUST):1D/051294



Table 3 (Sheet 9 of 21)

Comparison of System Design Featuras

Low-Pressure Reference Plant Design
RCP Trip

Not included in LP reference plant,

3. Nuclear Instrumentation System

Separate ranges provided for source, intermediate
and power ranges with interlocks and permissives
to change range. Source range detectors
automatically energize with flux decreases below
source range flux trip (P-6) setpoint.

Startup rate provided for source and intermediate
ranges.

Neutron flux recorder provided.
4. Control Rod Instrumentation System

Control rod position indication and control rod
bottom light indication provided (analog rod
position indication system).

AP600 Design

Tnp of RCPs is actuated on:
Pressurizer level low-2 setpoint

- Manual CMT actuation

- First stage ADS actuation signal

- Low wide range SG level coincident with high hot
leg temperature
S1 signal.

In addition, RCPs are tripped individually on bhigh
hearing water temperature,

Trip of the RCPs is also actuated by the diverse
actuation system on:

Manual
- Low pressurizer water level

Same.

Same.

Same.

Similar except that a digital rod position indication
system 1s provided.

@
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Table 3 (Sheet 12 of 21)

Comparison of System Design Features

Low-Pressure Reference Plant Design

No automatic depressunzation valves,

8. Safety Injection System

Injection Mode (high-head and low-head Si
subsystem:

Two high-head S1 pumps take suction from boric
acid ank (BAT) (12 wt %) or refueling water
storage tank (RWST) and delivers to RCS cold
legs. Automatic transfer of high-head SI pump
suction from BAT to RWST on low BAT level
(prior to S reset). High-head SI pump design
flow rate 1s about 650 gpm. High-head SI pump
shutoff head is less than the PORV set point.

AP600 Design

AP600 employs automatic depressurization valves
connected to the pressurizer and the RCS hot legs.

The valves connccted to the pressurizer (stages 1, 2,
and 3) consist of six parallel sets of two valves in
senes that discharge to the IRWST,

The valves connected to the hot legs (stage 4) consist
of four parallel sets of two valves in series, with two

set connected to each hot leg and discharge directly to
containment.

No high-head SI pumps. Passive high-pressure S|
provided by gravity-flow from the core makeup tanks.
There are two basic operating processes for the CMTs,
steam-compensated injection and water recirculation.
CMTs are pressurized by lines from the pressurizer
and the RCS cold legs and inject directly into the
reactor vessel. Following a small LOCA, the CMTs
provide borated makeup to the reactor vessel at a high
pressure and a relatively high flow rate for
approximately 20 minutes. Following a steam line
break, the CMTs provide horated makeup to mitigate
the core reactivity transient and to shut down the core.
Following a steam generator tube rupture (SGTR), the
CMTs provide borated makeup to the reactor vessel to
compensate for the SGTR leak. The PRHR functions
in combination with the CMTs to remove core decay
heat, reduce RCS temperature and pressure, equalize
RCS and ruptured SG pressure, and terminate the
leak. This process terminates the event by stopping
RCS leakage into the SG without operator action or
ADS actuation.

28
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Table 3 (Sheet 13 of 21)

Comparison of System Design Features

Low-Pressure Reference Plant Design

Two low-head safety injection (LHSI) pumps
(which also serve as RHR pumps). Low-head SI
pumps take suction from RWST and deliver to
RCS cold legs.

Injection Mode (S1 Accumulator Subsystem):

One accumulator tank connected to each RCS
cold leg. Safety injection accumulators are tanks
pressurized to a nominal 750 psig with nitrogen.
As pressure in the RCS drops below the nitrogen
pressure, the nitrogen forces the borated water
into the RCS.

Recirculation Mode:

Switchover iniiation - semiautomatic on sump
valve opening on low RWST level. Low-head
safety injection (LHSI) pumps take suction from
containment recirculation sump and are manually
aligned to discharge to the suction of high-head
SI pumps into either the RCS hot or cold legs.
The LHSI pumps also directly inject into the
RCS cold legs. The RHR heat exchangers are
used to cool the LHSI recirculation flow from the
recirculation sumps in containment.

AP600 Design

No low-head SI1 pumps. Automatic RCS
depressurization occurs on low core makeup tank level
(concurrent with CMT actuation signal), which
permits the in-containment refueling water storage
tank (IRWST) to gravity feed to the RCS at low
pressure. IRWST injection is possible only after the
RCS has been depressurized by the ADS or by a
LOCA.

Similar. except two accumulators pressurized to a
nominal 700 psig inject directly into the reactor
vessel.

No switchover to recirculation like the reference plant
since there are no SI pumps. Passive injection of
water from the low-pressure IRWST provides a lower
flow rate, but for a longer tune. ranging from a
minimum of six hours, for a break in the reactor
vessel direct injection line, to days for other line
breaks. Following the injection of water from the
[RWST. the water level in the containment building is
increased above the elevation of the RCS leop piping.
Long-term cooling is established by water draining
back to the RCS from sumps located inside the
containment as well as water that condenses on the
inside of containment shell and returns to the [RWST
via gutters above the operating deck that coliect the
condensate.

@ e
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Table 3 (Sheet 14 of 21)

Comparison of System Design Features

Low-Pressure Reference Plant Design
9.  Residual Heat Removal (RHR) System

Two RHR pumps (which also function as low-
head SI pumps) and two RHR heat exchangers

focated outside containment.

RHR pumps take suction from one hot leg and
return the flow to two cold legs.

RHR initiated at nominal RCS operating
conditions of 400 psig and 350°F.

10. Chemical and Volume Control System

Three positive displacement charging pumps
(located outside containment) deliver continuous
flow through the charging and RCP seal injection

lines to the RCS.

AP600 Design

Two RHR pumps and RHR heat exchangers located
outside containment.

The normal residual heat removal system (RNS)
removes heat from the core and RCS during normal
cooldown and refueling operations. It is designed 1o
remove heat from the core and RCS following
successful mitigation of an accident by the passive
safety-related systems. The RNS is a nonsafety-
related system, and the pumps and heat exchangers are
not used as part of the passive safety-related systems.
The RNS is capable of providing low pressure
makeup from the [RWST to the RCS. The system is
designed to be manually initiated by the operator
following receipt of an ADS signal. If the system is
available, it will provide RCS makeup once the
pressure in the RCS falls below the shutoff head of
the RHR pumps. The RNS also provides nonsafety-
related low-pressure makeup to the RCS for recovery
from inadvertent actuation of the automatic
depressurization signal (ADS). The RNS also serves
as a low temperature overpressure function during
refueling and shutdown operations, and cools the
IRWST.

Similar, except return flow enters reactor downcomer
directly via the direct vessel injection lines.
Similar.

Two centrifugal makeup pumps (located outsice
containment) with normal makeup flow rate (dilution
or boration) of 100 gpm and maximum makeup flow
rate of 135 gpm. Makeup pumps are not normally
running unless needed for RCS boron changes,
chemical addition, makeup for RCS leakage or for
RCS shrinkage due to cooldown.

30
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Table 3 (Sheet 15 of 21)

Comparison of System Design Features

Low-Pressure Reference Plant Design

At least one charging pump is normally running,
Charging pumps automatically stop on a Sl
signal.

Contingous charging and letdown for RCS
purificaton and boron control.

Letdown, charging, and RCP seal return lines are
automatically isolated on a containment isolaton
phase A signal.

12 wt % boric acid system.

AP600 Design

The makeup pumps automaticaily start on a low
pressurizer level signal in order to provide ma. ap.
The makeup pump automatically stops when the
pressurizer level increases to the correct programmed
value. The letdown control valve is automatically
opened by the pressurizer level control system if the
pressurizer level reaches its high (relative to
programmed level) setpoint. This valve automatically
closes when the pressurizer level returns to normal,
and also closes on a high-3 degasifier level or on a
containment isolation signal.

To protect against steam generator overfill, makeup is
isolated by closing the makeup line containment
isolation valves if a high steam generator level signal
is generated. These valves will also close and isolate
the system on a high pressurizer level signal.

RCS purification is provided via a CVS purification
loop located inside containment, which uses the head
of the RCPs 10 circulate reactor coolant through the
purification loop. This eliminates the necessity for
running CVS makeup pumps continuously. Flow is
returned 1o the RCS via the charging line.

The normal RHR system provides the motive force for
CVS purification during plant shutdown when the
RCPs are stopped. Charging and letdown outside
containment are not normally in service unless
additions or reductions in RCS inventory are
necessary.

The charging and letdown lines from the inside
containment purification loop 10 outside containment
are normally closed, However, they also receive a
containment isolation signal similar to the reference
plant. Since the makeup pumps start on an SI signal,
the makeup line will not be isolated on containment
isolation signal unless a low charging header pressure
permissive is present.

2.5 wt % boric acid system.

() westngrous
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Table 3 (Sheet 20 of 21)

Comparison of System Design Features

Low-Pressure Reference Plant Design
19. Sampling System

Sampling system for use in sampling RCS, steam
generators and containment recirculation sump.

20, Spent Fuel Storage and Cooling System

The system provides heat removal from the
stored fuel and includes the spent fuel pit
level instrumentation.

21. Control Rod Drive Mechanism Cooling System
CRDM fans.

AP600 Design

Similar. Separate sampling systems are provided for
the primary and the secondary systems.

The primary sampling system performs sampling for
normal operations and post-accident operations, It
consists of both on-line monitoring and grab sampling
capabilities. The heat of the primary sampling system
(PSS) is a shieided grab sampling unit. which is
common for normal and post-accident activities. The
valves (except for containment isolation) are manual
and are located nside the grab sampling unit.

The secondary sampling system (SSS) performs
sampling of the secondary systems, including the
steam generators.

Sumilar, with the equipment arranged in two
independent trains.

Th + tinctions of the AP600 spent fuel pit cooling
system include spent fuel pit cooling, spent fuel pit
purification, refueling cavity purification, water
tracsfers (transfer water between IRWST and refueling
cavity during refueling), and [IRWST purification.

Following a station blackout, make-up water must be
provided to the spent fuel cooling pit afier 72 hours.
However, 72 hows is the minimum worst case
scenario. Typically, it will be at least several days
before makeup water must be provided to the spent
fuel cooling pit.

Similar.
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Table 3 (Sheet 21 of 21)

Comparison of System Design Features

Low-Pressure Reference Plant Design

T
ro

Control Rod Control System

Control rods.

23, Turbine Control System
Turbine trip.
Turbine load control.

. Electrical Power System (ac & dc)

Safety-related ac power system with two diesel-
generators. Automatic diesel-generator start on
loss of offsite power or on S1 signal.

Safety-relaied dc banery banks.

25. Instrument Air System
Instrument air COMPressors,

Instrument air 10 valves located inside
containment is isolated on containment isolation
signal (C1S). 1t is necessary to re-establish
instrument air following S1 and CIS reset in order
10 provide the necessary air supply to the air-
operated valves.

AP600 Design

Same.

Same.

Same.

Nonsafety-related ac power system with two
nonsafety-related standby diesel-generators provided
power selected shutdown loads continuously, based on
one of two redundant components powered at a time.
Automatic diesel generator start on loss of offsite
power.

The ac power system and the diesel generntors are
nonsafety-related since the AP600 safeguard systems
are passive and do not include pumps or valves that
require ac power 10 operate.

Same.

Same.

Similar, but the use of air-operated valves inside
containment is minimized. (For example. accumulator
nitrogen vent valves have electric solenoid operators).
Therefore, the need to establish instrument air to
containment 10 SUPPOrt eMErgency operations 1§
reduced.

(W) westngnous
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Comparison of System Instrumentation and
Controls

The low-pressure reference plant contains the
instrumentation and controls available 1o the operator to
operate the reference plant systems in response to
emergency transients. in this context, instrumentation
includes component status indication. Instrumentation
and controls are defined to the extent necessary 10
maximize technical guidance in the ERCs with respect
to system operation while maximizing the generic
apphicability of the technical guidance.

Table 4 comtains a comparison of the low-
pressure reference plant instrumentation and controls and
the AP600 nstrumentation and controls, The left-hand
column of Table 4 denufies the low-pressure reference
plant systems and associated instrumentation and control
ttems within the defined scope of the low-pressure
reference plant and specifically used in the ERGs.

Based on past practices and the similantes
between the AP6(0 systems and the low pressure
reference plant systems, the assumption has been made
that the AP600 will have instrumentation and control
similar 1o that of the reference plant. This information
will be used as input to the task analysis that will be
performed as part of the man-machine interface design.

AP600 systems are identified by the system acronym
(see Table 2 for acronym to system reference).

The term same 1s used in the table to indicate
that from the standpoint of emergency operations, the
specific instrumentation or control requirements for the
AP600 system and the low-pressure reference plant
system are basically the same. That is, when wrniting the
AP600 high-level operator action strategies, no change
to the structure or operational strategy of the ERGs is
anticipated.

The comparison of the AP600 instrumentation
and controls and the reference plant instrumentation and
controls identified a number of instrumentaton and
control tems that are on the AP600, but are not
explicitly identified for the low-pressure reference plant,
These uems are included n the left-hand column of
Table 4, but are preceded with a double asterisk (**) o
disunguish them from the low-pressure reference plant
items.

The instrumentation and controls comparison
provides a high level comparison summary of the
instrumentation (including component status indicators)
and controls available 10 the plant operators. This
summary 15 used in adapting the ERG high level
strategies to the AP600. It does not include automatic
controls,
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Table 4 (Sheet 1 of 12)

Comparison of Instrumentation and Control Requirements

Low-Pressure
Reference Plant AP6OO
System/Instrumentation and Control Items Reguirements Requirements System
Y iy g L
1. Reactor Trip Actuation System
Reactor trip annunciator X - Similar  Similar(2) DDS
Reactor tnip and bypass breakers X - Sumilar Similar PMS
Reactor tip signal X Similar  Similar PMS
Turbine trip signal X X Similar  Similar PMS
2.  ESF Actuation System

S1 annunciator X Similar Similar(2)  DDS
S1 sigr al X X Similar - PMS
S1 signal reset/block X X Similar  Similar(3) PMS
Low steam line pressure S1 actuation signal block X X Similar  Similar(4) PMS
Low PRZR pressure SI actuation signal block X X Similar Similar(5) PMS
Containment 1solation phase A signal X X Similar  Similar(6) PMS
Containment isolation phase A reset X X Similar Similar(6) PMS
Containment 1solation phase B reset X X - (6) -

Feedwater 1solation signal reset X X Similar  Similar PMS
Main steam line isolation signal X X Similar  Sunilar PMS
** Containment cooling actuation signal - - X X PMS
** Containment cooling actuation signal reset - - X X PMS
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Table 4 (Sheet 2 of 12)

Comparison of Instrumentation and Control Requirements

System/Instrumentation and Control Items

** PRHR actuation signal

** PRHR actuation signal reset

** Man steam line solation signal reset
** Feedwater isouation signal

** Automatic RCS depressurizanon signal
** RCP tnp signal

** CMT actuation signal

** CMT actuation signal reset signal
Nuclear Instrumentation

Power range neutron flux reset
Intermediate range neutron flux
Intermediate range startup rate

Source Range Neutron flux

Source range startup rate

Neutron flux recorder

Source range detectors (energize)
Control Rod Instrumentation System
Control rod position

Control rod bottom lights

** Control rod status messages

Low-Pressure
Reference Plant

Requirements

(‘I

1

o oX M K K K XK

AP600
Requirements
M ol
X X
X X
X X 4)
X X
X X
X X
X X
X X

Similar  Similar
Sirmilar -
Similar -
Similar -
Similar -
Similar -

Similar Simalar

Similar -

X -

System

PMS
PMS
PMS
PMS
PMS
PMS
PMS
PMS
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Table 4 (Sheet 3 of 12)

Comparison of Instrumentation and Control Requirements

Low-Pressure
Reference Plant AP600
System/Instrumentation and Control Items Requirements Requirements  System
" & il i
Radiation Instrumentation System
Containment radiation { - Similar - RMS
SG blowdown radiation - Similar - BDS
Condenser air ejector radiation - Similar - RMS
(condenser exhaust radiation)
Auxiliary building radiation - Similar - RMS
SG steam line radiation - Similar - S5GS
Containment Instrumentation System
Containment pressure X - Similar - PCS
Containment temperature X - Similar - VCS
Containment recirculation sump level X - Similar (7) PXS
Containment hydrogen concentration X - Similar - VLS
Phase A containment isolation valves X X Similar Similar (8)
Phase B containment isolation valves X X - (6) -
Containment ventilation isolation dampers X X Similar Similar (%)
** Passive containment cooling system storage tank 1o - - X X PMS
containment valve status
** Pagsive containment cooling system storage - - X X PMS
tank level
** Pagsive containment cooling system water flow - - PMS
** Gutter to continment sump valve Status - - PMS
41
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Table 4 (Sheet 4 of 12)

Comparison of Instrumentation and Control Requirements

Low-Pressure
Reference Plant AP6O0
System/Instrumentation and Control Items Requirements Requirements  System
P s 1" b
7. Reactor Coolant System

RCS pressure X - Similar - RCS
PRZR pressure X - Similar - RCS
RCS hot leg wide range temperature X - Similar - RCS
RCS coid leg wide range temperature X - Similar - RCS
RCS average emperature X - Similar - RCS
Core exit TC temperature X - Similar - RCS
PRZR water temperature X - Similar - RCS
PRZR steam temperature X - Similar - RCS
PRZR level X - Sumilar - RCS
Reactor vessel Liguid inventory svstem (RVLIS) X ~ (9) - -
Reactor coolant pumps X X Similar Similar  RCS
PRZR PORVs X X - .
PRZR PORV block valves X X - -
PRZR spray valves X X Similar Similar  RCS
Reactor vessel vent valves X X Similar Similar  RCS
PRZR heaters X X Similar Similar  RCS
**  Automatic depressarization valves - - X X RCS
** RCP speed - - X - RCS
** RCP beaning water temperature - - X - RCS
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Table 4 (Sheet S of 12)

Comparison of Instrumentation and Control Requirements

Low-Pressure
Reference Plant AP0
System Instrumentation and Control Items Requirements Requirements  System
P o o e
Safety Injection System
Refueling water storage tank (RWST) level X - (1) PXS
High-head SI flow X - - - -
High-head SI pumps X X - -
Accumulator isolation valves X X Similar Similar  PXS
Accumulator vent valves X X Similar Similar  PXS
Low-head SI pump suction valves from containment X X - - -
recirculation sump
Low-head S1 pump suction valves from RWST X X - - -
High-head S1 pump suction valves from BAT X X - - -
High-head S1 pump suction valves from RWST X X - - -
Low-head SI pump discharge valves to RCS cold legs X X - - -
SI valves X X Similar Similar  PXS
** (Core makeup tank level - - X - PXS
** (Core makeup tank inlet lemperature - - X - PXS
** (Core makeup tank outlet temperature - - X - PXS
** Core makeup tank inlet/outle: valves - - X X PXS
** Accumulator level - - X - PXS
** Accumulator pressure - - X - PXS
** IRWST temperature - - X - PXS
** IRWST outlet valves - - X X PXS
43
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Table 4 (Sheet 6 of 12)

Comparison of Instrumentation and Control Requirements

Low-Pressure

Reference Plant AP600
System/Instrumentation and Control Items Requirements Requirements System
I" ! a g
** Passive RHR inlev/outlet temperature - X - PXS
** Passive RHR flow - - X - PXS
** Passive RHR valves - - X X PXS
** Containment floodup water level - X - PXS
9.  Residual Heat Removal System
Low-head SI (RHR) flow - (1) - RNS
Low-head SI (RHR) pumps X (11) (11) RNS
Low-head S1 (RHR) pump suction valves X (1n (11) RNS
from RCS
10. Chemical and Volume Control System
Boric acid tank temperature X - - - -
Bonic ank level X - Similar - CV§
Charging flow X B Simular (12) CVvs
RCP seal njection flow X = - -
Letdown flow X - Simular - CVS
RCP number 1 seal leakoff flow X - - - -
RCP number | seal differential pressure X - - -
Charging pumps X X Similar(12) Similar(12) CVS
Charging pump suction valve from RWST X X - -
Charging pump suction valve from VCT X X ~ - -
a4
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Table 4 (Sheet 7 of 12)

Comparison of Instrumentation and Control Requirements

Low-Pressure
Reference Plant AP600
System/Instrumentation and Control Items Requirements Requirements  System
I S g e

RCP seal return outside containment isolation valve X X - - -

Letdown isolation valves X X Similar Similar CVS

Letdown orifice 1solaton valves X X (13) (13) CVS

Low-pressure letdown control valve X X - - -

Excess letdown isolanon valves X X - - -

VCT makeup control system X X (14) (14) CVS§

VCT makeup control system (mode selector) X X (14) (14) CVS
11. Component Cooling Water System

CCW pumps (11) (1) cCs

RCP thermal barner CCW return inside containment X (11) (11) CCS

1solation valve

RCP thermal barrier CCW return outside containment X X (11) (1 cCSs

1solation valve

CCW valves X X (11 (11 CCS
12. Service Water System

Service water pumps X (11) (11) SW§

Service water valves X (11) (11) SWS
13. Containment Spray System

Containment spray pumps - - -

Containment spray valves X o i -
14. Containment Atmosphere Control System

Containment ventilation isolation dampers X X {15) (15) vCSs

45
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Table 4 (Sheet 8 of 12)

Comparison of Instrumentation and Control Requirements

Low-Pressure
Reference Plant AP6OD
System/Instrumentation and Control Items Requirements Requirements  System
pa s E i
Containment fan coolers X (15) (15) VCS
Hydrogen recombiners X X (15) (15) VLS
Containment aur circulation equipment X X (15) (15) VCS
Containment filtration equipment X X (15) (15) VFS
** Hydrogen sensors - - X - VLS
** Hydrogen igniters - - X X VLS
15. Main Steam System

SG pressure X - Similar - SGS
SG narrow range level X - Similar - SGS
SG wide range level X - Similar - SGS
SG PORVs X X Similar - SGS
Condenser steam dump valves X X Similar - MSS
Main steam line isolation valves X X Similar - SGS
Main steam line isolation bypass valves X X Similar - SGS
Steam supply valves to turbine-drniven AFW pump X X - - -

Turbine stop valves X - Similar - MSS
** SG steam line radiation - - X - SGS
** §G PORYV block valves - - X X SGS

16. Main Feedwater and Condensate

FW flow control valves X X Similar - SGS
FW flow control bypass valves X X - - SGS

46
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Table 4 (Sheet 9 of 12)

Comparison of Instrumentation and Control Requirements

Low-Pressure
Reference Plant AP600
System/Instrumentation and Control Items Requirements Requirements  System
" e I el

FW isolation valves X X Similar - SGS

** Feedwater pressure - - X - SGS

** Feedwater temperature - - X - SCS

** Feedwater flow - - X SGS
17. Auxiliary Feedwater System

Auxiliary feedwater flow X - Similar  (16) SGS

Condensate storage tank level X - Similar  (16) FWS

MD AFW pumps X X Similar ~ (16) FWS

Condensate storage tank to hotwell isolation valves X X Similar  (16) FWS

AFW valves X X Similar ~ (16) SGS

*+ Srartup feedwater flow control valves - B X X(16) SGS
18. Steam Generator Biowdown System

SG blowdown isolation valves X X Similar  (8) SGS
19. Sampling System

SG blowdown sample isolation valves X X Similar BDS
20. Spent Fuel Storage and Cooling System

Spent fuel pit level X - Similar SFS
21. Control Rod Drive Mechanism Cooling System

Control rod drive mechanism fans X X Similar RXS

a7
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Table 4 (Sheet 10 of 12)

Comparison of Instrumentation and Control Requirements

Low-Pressure
Reference Plant AP600
System/Instrumentation and Control [tems Requirements Requirements  System
I al e iy

22. Control Rod Cont:ol System

Control rods X X Similar PLS
23. Turbine Control

Turbine runback X X Similar TOS
24. Electric Power System

Diesel-generators X X Similar  (17) ZOS
25. Pneumatic Power System

Instrument air compressor X X Similar CAS

Instrument air valves X X Similar CAS
26. Anticipated Transient Without Scram (ATWS)
**  ATWS mitigation system X - X X DAS
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Table 4 (Sheet 11 of 12)

Comparison of instrumentation and Control Requirements

T T SR O R 3 R A S A B N S A S PRSI TR0 A A AN TN B O 0

NOTES:

(1

(4)

(5)

{6)

| ~ Instrumentation requirements column
C — Control requirements column

An "X" entry indicates an instrumentation or control requirement within the scope of the reference
plant or an instrumentation/control for the AP600.

A "-" entry indicates no requirement for the reference plant or no instrumentation/control for the
AP6OO.

The term similar indicates that from the standpoint of emergency operations, the specific
instrumentation (including component status indication) or component control requirements for the
AP600 system and the low-pressure reference plant system are the same on a functional level. When
writing the AP600 high-level operator action strategies, no change to the structure or operation strategy
of the ERGs is anticipated.

The AP60X data display and processing system (DDS) includes a plant alarm system, which is the
functional equivalent of the low-pressure reference plant annunciator.

Manual reset/block for SI signal concurrent with expiration of the SI signal reset time delay and P-4
reactor trip input signal.

The AP600 Manua! Steam/Feedwater Isolation and Safeguards Reset/Block is for main steam line
isolation (low steam pressure, high steam pressure negative rate and Low T, signals) main feedwater
isolation (low-1 T, and low-2 T, signals) and SI actuation signal (low steam pressure and Low T,
signals).

The AP60U Low Pressurizer Pressure Safeguards Reset/Block is for S1 actuation signal (low
pressurizer pressure).

The AP60X) has a single containment isolation signal, not separate phase A isolation, phase B isolation,
and containment ventilation isolation signals as does the low-pressure reference plant.

The AP600 containment sump does not have forced recirculation capabilities.
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Table 4 (Sheet 12 of 12)

Comparison of Instrumentation and Control Requirements

NOTES:

The AP600 containment 1solation valves and venulation dampers are located in the systems that
penetrale contanment.

The AP6OC hot leg level indication 1s used to monitor reactor coolant inventory.

The AP6(X) In-contaunment Refueling Water Storage Tank (located inside containment) corresponds to
the low-pressure reference plant Refueling Water Storage Tank (located outside containment).

The AP600 normal residual heat removal system components, component cooling water components,
and service water system components do not perform an engineered safety features function.

The AP600) makeup pumps correspond 1o the low-pressure reference plant charging pumps. The
makeup pump njection flow passes through a discharge flow control valve.

Note that contanment 1solation valves also serve as ietdown isolation valves and only one orifice
eXISIS.

The AP600 makeup system provides makeup directly to the suction of the makeup pumps. The CVS
does not include a volume control tank (VCT).

The AP600 containment air recirculation cooling system (VCS), which includes the fan coolers, and
the contaunment air filtration system (VFS) are for normal operaton and are not actuated by an
engineered safety features actuation signal.

The AP600 startup feedwater system corresponds to the low-pressure reference plant auxiliary
feedwater system. However, the AP600 system is used for normal shutdown operations and is not
actuated by an ESF actuation signal.

The AP6(X diesel generators start on loss of offsite power only, and are not actuated by an engineered
safety features actuation signal.

The comparison of the AP600 instrumentation and controls and the reference plant instrumentation and
controls identified a number of instrumentation and control items that are on the AP600, but are not
explicitly identified for the low-pressure reference plant. These items are preceded with a double
astenisk to disunguish them from the low-pressure reference plant items.
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