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ESBWR I&C SYSTEMS
Agenda

e \Wednesday, July 26
> (0800 - GE - Check-In
0830 — GE - Internal Discussions

0900 - Entrance Meeting — Introductions
0915 - Agenda Overview
0930 - Software Plans Overview

vV V V V V

1400 - Proprietary Discussions — Software Management Plans

e Thursday, July 27
> 0800 - GE - Check-In
> (0830 - GE - Internal Discussions

> 0900 - Entrance Meeting — Introductions
— Distributed Control & Information Systems (DCIS)
* DCIS Platform Families
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ESBWR I&C SYSTEMS
Agenda (Continued)

e Thursday, July 27 (cont))

> 0930 - DCIS Agenda (cont.)

Commercial Grade Dedication for DCIS

|&C Systems Factory Test Program and Interface with COL Applicant’s
Acceptance Test Program

Fault Tolerant Digital Control System — Mark Vle
RAI 7.0-2 Discussion

RAI 14.3-4 Discussion

N-2 Design Discussion

> 1400 - Proprietary Discussions

DCIS Platform Families
Software Plans

> 1700 - Exit Site (Day 2 of 2)
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ESBWR |&C SYSTEMS - DCIS

- DCIS Platform Families

Safety Safety-Related Nonsafety-Related
Category E - DCIS NE - DCIS
NUCLEAR
RPS ECCS Balance of an Severe
System Families NMS ESF DPS CONTROL NE-DCIS S y PCF Accident
SYSTEMS - ystems
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Derived Redundant il
RPS ICS HMI, Alarms
PIP A, PIPB ! '
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ATWS/SLcs* | sLCs P Monicore (GDCS
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ESBWR |&C SYSTEMS - DCIS
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- DCIS Power & Sensor Diversity

ESF
Sensors

RPS
Sensors

ATWS/SLCS
sSensors
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ESBWR |&C SYSTEMS - DCIS
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ESBWR |&C SYSTEMS - DCIS

- DCIS Control Room (Pending HFE Design Process)

Wide Display Panel

Plant Mimic/Annunciators

Main Generator

Nonsafety-Related VDUs R
Synchronization

Main Control Console

Nonsafety-Related VDUs and Controls

Nonsafety-Related VDUs and Controls

Shift Supervisor’s Console

Nonsafety-Related VDUs

Nonsafety-Related VDUs and
Communication
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ESBWR [&C SYSTEMS

- DCIS and Power Separation

The raceway, duct bank and conduit systems of the ESBWR are
designed to provide physical separation of divisional cables from both
other divisions and from nonsafety-related cables.

The raceway system also minimizes the potential for EMI/RFI
interference (already very low because of the extensive use of fiber
optics) by separating instrumentation cabling from large power cables.

Finally RPS and NMS copper cables are conduit separated even within
a division to prevent hot shorts and generally prevent any interference
with a required reactor scram.

Low
Voltage

Medium
Voltage

13.8 kv
Normal Preferred Feed

- DCIS

13.8 kv
Alternate Preferred Feed

Medium
Voltage

A Diesel Generator
6.9 kv PIP A
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A FMCRD Load Group Feed

B Diesel Generator
6.9 kv PIP B
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vdc, 250 vdc
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480 vac, 120/208 vac, 125
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PIP B, Load Group B
FMCRD cables (2" Group)

Controls &
Instrumentation
Low
Voltage
nonsafety-related

AC or DC Contact Interrogation
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Ethernet, Data Links, Fiber
PIP A

AC or DC Contact Interrogation Voltage,
nalog Transmitters, Ethernet, Data Links,
Fiber for BOP
Third Communication Path for Triply
Redundant Control Systems

AC or DC Contact Interrogation
Voltage, Analog Transmitters,
Ethernet, Data Links, Fiber
PIP B

safety-related 480 vac (at isolation phase bus

only) > 250 vdc, 120 vac Single-

480 vac (at isolation phase bus
only) > 250 vdc, 120 vac Single-
Phase For All Safety Functions

Division 2

480 vac (at isolation phase bus

only) > 250 vdc, 120 vac Single-

Phase For All Safety Functions
Division 3

480 vac (at isolation phase bus

only) > 250 vdc, 120 vac Single-

Phase For All Safety Functions
Division 4

Low Phase For All Safety Functions

Voltage division 1
Controls & A\? (I)r DC pc‘onltact_rlnterrogation
Instrumentation oltage, Analog rfansmn'ters,
Low Ethernet, Data Links, Fiber

Voltage Division 1
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Voltage, Analog Transmitters,
Ethernet, Data Links, Fiber

Division 2

AC or DC Contact Interrogation
Voltage, Analog Transmitters,
Ethernet, Data Links, Fiber
Division 4

AC or DC Contact Interrogation
Voltage, Analog Transmitters,
Ethernet, Data Links, Fiber
Division 3

Controls &
Instrumentation RPS/NMS/ECCS RPS/NMS/ECCS RPS/NMS/ECCS RPS/NMS/ECCS
Low Division 1 Division 2 Division 3 Division 4
Voltage
Controls & RPS Scram RPS Scram RPS Scram RPS Scram RPS Scram RPS Scram RPS Scram RPS Scram
Instrumentation Group 1 Group 2 Group 3 Group 4 Group 1 Group 2 Group 3 Group 4
Low Division 1 Division 1 Division 1 Division 1 Division 2 Division 2 Division 2 Division 2

Voltage
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ESBWR |&C SYSTEMS - DCIS

Proposed Suppliers for Primary DCIS Families
« NMS/RPS > GE (NUMAC)

e ECCS/ESF > GE/DS-S (Spinline 3), DRS (Performnet), HF-C (6000
Series), or Invensys (Triconex)

e DPS > GE (Mark Vle)
e Nuclear Control Systems > GE (Mark Vle)

e Balance of Any Nonsafety-Related Systems > GE (Mark Vle) or
Invensys (Foxboro)

e Plant Computer Functions > (GE-Mark Vle / DS-S (SAIPMS/Win)
e Severe Accident > Quality Diverse PLC Supplier

» 34 Party DCIS Suppliers > Various
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ESBWR |&C SYSTEMS - DCIS

Open DCIS Discussion
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ESBWR |&C SYSTEMS - DCIS

- Commercial Grade Dedication for DCIS

- DCD Chapter 7, Appendix 7B.2 Software Management Plan,
Paragraph (2)e and DCD Chapter 7, Appendix 7B.4
Software Configuration Management Plan, Paragraph (3) h
reference:

- CR-G421, “A Proposed Acceptance Process for
Commercial Off-the-shelf (COTS) Software in Reactor
Applications”

- EPRITR-106439, Guidelines on Evaluation and
Acceptance of Commercial Grade Digital Equipment in
Nuclear Safety Applications

p 11/
imagination at work GE/
July 28, 2006



ESBWR |&C SYSTEMS - DCIS

- Commercial Grade Dedication for DCIS (cont.)

- DCD Chapter 7, Section 7.2, Reactor Trip System and
Neutron Monitoring System, BTP HICB-18, Guidance on Use
of Commercial Grade Industrial Computers) in Digital
Computer-based Instrumentation and Control systems

- Any portions of RPS, NMS and SSLC/ESF design that will
use Commercial Grade Industrial Computers for safety-
related functions conform to this BTP (and to BTPs 14,
17,and 21). Such commercial grade industrial
computers will be qualified to a level commensurate
with safety requirements.
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ESBWR |&C SYSTEMS - DCIS

Break
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ESBWR |&C SYSTEMS - DCIS

- |&C Systems Factory Test Program and Interface with COL
Applicant’s Acceptance Test Program

- Discussion
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ESBWR |&C SYSTEMS - DCIS

Break
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ESBWR |&C SYSTEMS - DCIS

- Fault Tolerant Digital Control System — Mark Vle
- DCD Figure
- Discussion
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ESBWR [&C SYSTEMS - DCIS
- Fault Tolerant Digital Control System — Mark Vle

! Non-Essential DCIS |

. Dual Network .
SB&PC | A A .
> Hardware/ |
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ESBWR |&C SYSTEMS - DCIS

- RAIl 7.0-2 Discussion

- NRCRAI 7.0-2

- 10 CFR 52.47(a)(2) requires that the information submitted for a design certification must
include performance requirements and design information sufficiently detailed to permit
the preparation of acceptance and inspection requirements by the NRC, and procurement
specifications and construction and installation specifications by an applicant. For any
ESBWR application software developed by GE, and described in DCD Appendix 7B, please
provide the following software life-cycle documents:

- - Requirements Definition

- - Integration Plan

« -TestPlan
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ESBWR |&C SYSTEMS - DCIS

- RAI 7.0-2 Discussion (cont.)

- GE Draft Response to RAI 7.0-2

- Establishing performance requirements and specifying design information are part of the
software life cycle process and are discussed in DCD Tier 2, section 7B.2 (3), “Software
Management Plan”. This process is further described in NEDE-33226, “ESBWR I&C Software
Management Plan”.

- The detailed ESBWR software life cycle process design output documents, which are created and
reviewed during the life-cycle phases referred to in the RAl and as reflected in Section 2.1 of the
HICB-14, will be developed and available for NRC audit and inspection during the software life
cycle process.

- Specifically DG-1145,“Combined License Applications for Nuclear Power Plants” Section C.11.2,
Attachment A, Software Requirements Specifications states “The ITACC should require verification
that each of the functional characteristics shown in SRP Chapter 7, BTP 7-14, has been addressed,
and specifically require a verification that each individual requirement is traceable to a digital
system requirement, and that there are no added functions or requirements which are not
traceable to the system requirement.” DCD, Section 7B.2(3)b, “Design Definition Requirements
Phase,” provides for the output documents that will document system requirement specifications.
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ESBWR |&C SYSTEMS - DCIS

- RAI 7.0-2 Discussion (cont.)
- GE Draft Response to RAI 7.0-2 (cont.)

- DG-1145 Section C.I1.2, Attachment A, also states that the ITACC for software life cycle process
output documents should demonstrate that “The system test procedures and test results
(validation tests, site acceptance tests, pre-operational and start-up tests) provide assurance that
the system functions as intended.” DCD Section 7B.2(3)e “Integration Test Phase” provides for the
output documents that will provide the required assurance.

- DG-1145 was recently issued in draft form. Attachment A of Section C.I1.2 provides general
development guidance on ITACC related to the subject software life cycle process design output
documents. GE is currently evaluating that additional guidance and will incorporate any changes
to the ESBWR ITACC for software related activities as warranted.
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ESBWR |&C SYSTEMS - DCIS

- RAI 14.3-4 Discussion

- NRC RAI 14.3-4 Requirements to be addressed by DCD Tier 1, Section 2.2.7, Reactor
protection System (RPS).

- The RPS can withstand seismic design basis loads without loss of safety function.

- The RPS has electrical surge withstand capability (SWC), and can withstand electromagnetic
interface (EMI), radio frequency interface (RFl), and electrostatic discharge (ESD) conditions
that would exist before, during, and following a design basis accident without loss of safety
function.

- The RPS can withstand the room ambient temperature, humidity, pressure, and mechanical
vibration conditions that would exist before, during, and following a design basis accident
without loss of safety function.

- The RPS is powered from Class 1E division.
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ESBWR |&C SYSTEMS - DCIS

- RAI 14.3-4 Discussion (cont.)

- NRC RAI 14.3-4 Requirements to be addressed by DCD Tier 1, Section 2.2.7, Reactor
protection System (RPS). (cont.)

- The RPS provides process signals to the Essential Distributed Control and Information System
(E-DCIS) through isolation devices. Data Communication between safety and non safety
systems does not inhibit the performance of the safety function.

- The RPS provides the transfer of control capability from the main control room to the remote
shutdown panel.

- The RPS trip setpoints are determined using a methodology which accounts for loop
accuracies, and accommodates response time testing.

- The RPS hardware and software is developed using a planned life cycle process.
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ESBWR |&C SYSTEMS - DCIS

Break
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ESBWR |&C SYSTEMS - DCIS

- N-2 Design Discussion
- Problem Statement
- Design Change
- Impacts
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ESBWR |&C SYSTEMS - DCIS

Break
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ESBWR |&C SYSTEMS - DCIS

- Proprietary Discussions

— DCIS
— Software
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N-2Problem Statement

Currently all ESF/ECCS valves that are solenoid, AOV/NOV, or
squib operated receive two sources of 250VDC 1E divisional
power (Figures 1 and 3). This power is normally supplied via
battery chargers with 250VDC 1E battery backup. All ESF/ECCS
and containment isolation valves that are motor operated are
powered from the same battery backed chargers through inverters.
Each MOV, by its inherent design, only can be powered by one
source of power. In this current configuration, the plant must enter
a Technical Specification Action Statement (TSAS) to perform 1E
battery maintenance or surveillance on line. It is not possible to
perform the requisite surveillances on the batteries, on line, within
the LCO time window, thereby forcing the plant to perform these
functions during outages. Customers have expressed their
displeasure with this configuration.
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ESBWR 1&C SYSTEMS

ESBWR C&l and Electrical and Software Project Engineering

Engineering Manager

GE imagination at work

GE QA
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1
1
1
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|
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9 9 Training 9 9 :
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| I
1
1
1
]
| | |

A q Software R
S pHl e R
pp 9 9 9 9 Management
NMS & RPS DCIS Baseline Review Software Safety V&V Team

ATWS & MSIV DCIS
Hardware/

Software Arch.

ECCS DCIS Arch.
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PAS, SB&PC

Triply and T/G
DCIS Arch.

Balance of
Nonsafety DCIS
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Interface w/3rd
Party DCIS Vdrs.

HFE

Simulation Team
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ESBWR Schedule

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
» » . » . B » B . » »
Schedule with 36 mo ESBWR FDA NRC Review
I Float | COL Review |
'11 Months | 36 Months !
| | |
! 15 Months I 3I
DC LA
DCAPP ocket DCD Lock COeStpp FDA  DC COL/FSC FL_coD
L o o L 4 S L o 2
Aug 05  Dec 05 Feb 07 Oct 07 Dec08  Dec 09 Aug 11 Aug 14 Feb 15
A
Initial SER —
Oct 2007
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ESBWR Certification Schedule

Jul 05 Oct 05 Jan 06 Apr 06 Jul 06 Oct 06 Jan 07 Apr 07 Jul 07 Oct 07

® ® ® ©® © o o o o o

iDCDRO i oc i{DCDR1l i DCDR2 DCDR3 - App

AR e A I % N I A R D

{Aug'05 | Dec'05] Sep ‘06 Feb ‘07

: ! (Tentative) : : :

RAls RAIs : : RAIS : i SER A

: : RO : O
v

v

SDS, P&ID, 1-Lines, HFE Logics Development
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Regulatory Interactions



Regulatory Interactions

e RAIs Topics Currently Open

> 7.0-2
> D3 Report
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C & | Open RAIs

diverse I&C system characteristics.
The DCD also should identify which
accidents are covered by the diverse
|&C systems.

RAI Number Summary Resolution Schedule
7.0-2 For any ESBWR application software To be discussed at TBD
developed by GE please provide the NRC Meeting on July
following software life-cycle 27,2006
documents:
- Requirements Definition
- Integration Plan
- Test Plan
7.8-1 In DCD section 7.8, describe the RAI 7.8-1 submitted D3 Report — July

with reference to D3
Report forthcoming.

2006
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C & | Open RAls cont'd

RAI Number

Summary

Resolution

Schedule
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HFE Open RAls

RAI Number

Summary

Resolution

Schedule
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Challenges



Challenges
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Design Completeness Examples

Control Room HFE and V&V
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ESBWR Passive Safety ...

Passive Containment Cooling System (PCCS)
and - 1 > Isolation Condenser System (ICS)
Gravity Driven Cooling System (GDCS)

Ultimate L 1
Heat Sink I ]

PCC Pool IC Pool

7
|
[
|
I
|
[
1
I

________.l| Containment r_______-._.-________.l

Steam Supply

ook
DPV [Q] SRV

GDCS _’z_ E—&Dﬂ— GDCS
Pool Condensate Drain [ "4 Pol
GDCS Injection Line H

|

RPV
PCC Vent \ Vent
Line E Line

Suppression ;\)—&4— Suppression
Pool Equalizing - Pool

[TTTT1

[(LTTT]

Line
== NI e
I I| ppv = Depressurization valve
. |
Containment 1 ) _ .
Eot?n dar;:/ ———— I | }z = Explosive valve ﬁ{ = Solenoid valve
I |

e e e e e E = Motor operated valve } = Safety Relief Valve
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Simplification...

— =
— Isolation
Tank t \ondenser| Post LOCA
——  Fill Connection
Standby Liquid
Control System
—
— DPV, Moisture
SRV 7 Separator
' —_ Reheater
| —
-—
GDCS Low
ZE —-— - — ‘ t Pressure ‘ ‘
-— y / [N - Turbine Generator
Fuel and Auxiliary _O
Pool Cooling System ‘ . ‘ T Backup Ba‘f:rl::(ljlea]l)(Zup ‘ :
‘ 1 ' 1 ‘ Spray \ High Pressure Turbine -
1 ‘ p—
e ”” J t
Suppression .
Pool Suppression ‘ ‘ ‘ ‘ ‘ l — Stack
‘ ‘ E N [ 92 % Pool . Off Gas System
[ ? t t - Condensate
] [ . Pump
F/D - High Pressure
. FW Heaters - ¢ Steam Jet
5&6 irect Contact Air Ejector
FMCRD Hydraulic FW Heater #4 e
i Control Unit Hit Condensate
Feed Pump l
Water ‘
? Pump
Condensate Gland Steam
Low Pressure Demineralizer Condenser
Feedwater Heaters
— 12&3
— -
EP .Hc.;‘m:‘ Condensate
ram lanl
‘ ‘ . Condenser Condensate Storage Pool
_J Filter
—
Filter / Demineralizaer HP Heater
Hx HX' Reactor Water Cleanup / Drain Pump
—_— Shutdown Cooling System CRD
-—
— E
Plant desi d tor chall direct cycle with major simplificati
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ESBWR COL Schedule

2006 2007 2008 2009 2010
» » » » »
Preliminary Safety Final
DCD Design Design Evaluation Design Design
Docket Release  Lockdown Report Approval Certification
Dec 05 Jun 06 Feb 07 Oct 07 Dec 08 Dec 09

COL Preparation Complete — Sept 07

NRC approved parallel path enables COD by 2015
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