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Reference:

1. MFN 08-899, Letter from U.S. Nuclear Regulatory Commission to Robert
E. Brown, Request For Additional Information Letter No. 263 Related To
ESBWR Design Certification Application, dated November 6, 2008

Enclosures:

1. Responses to Portion of NRC Request for Additional Information Letter
No. 263 Related to ESBWR Design Certification Application -
Instrumentation & Control Systems - RAI Numbers 7.1-133, 7.1-134, 7.1-
135, 7.3-17, 7.5-9, 7.7-12, and 7.7-13

2. Responses to Portion of NRC Request for Additional Information Letter
No. 263 Related to ESBWR Design Certification Application - DCD and
LTR Markups for RAI Numbers 7.1-133, 7.1-134, 7.1-135, 7.3-17, 7.7-
12, and 7.7-13

cc:

AE Cubbage
RE Brown
DH Hinds
eDRF Section:

USNRC (with enclosures)
GEH/Wilmington (with enclosures)
GEH/Wilmington (with enclosures)
0000-0096-2095 (RAI 7.1-133)
0000-0095-4050 (RAI 7.1-134)
0000-0096-2092 (RAI 7.1-135)
0000-0094-9189 (RAI 7.3-17)
0000-0095-3980 (RAI 7.5-9)
0000-0096-0232 Rev. 1 (RAI 7.7-12)
0000-0096-0838 Rev. 1 (RAI 7.7-13)



MFN 09-045

Enclosure 1

Response to Portion of NRC Request for
Additional Information Letter No. 263

Related to ESBWR Design Certification Application

Instrumentation & Control Systems

RAI Numbers 7.1-133, 7.1-134, 7.1-135,
7.3-17, 7.5-9, 7.7-12, and 7.7-13
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NRC RAI 7.1-133

Clarify the mandated methodologies and associated regulations NEDO-33251 is
referring to in Section 2.1.

NEDO-33251, Section 2.1 States that the ESBWR DCIS uses all the methodologies
mandated by the various regulations to maximize control system reliability and safety;
these include redundancy, diversity, segmentation and isolation. However, NEDO-
3325 1, in Section 4.1, only discusses the independence requirements of 10 CFR 50
Appendix A, GDC 24. Thus the very broad reference to methodologies and regulations
in NEDO-33251, Section 2.1 is unclear. Clarify the mandated methodologies and
associated regulations referred to in NEDO-33251, Section 2.1.

GEH Response

GEH concurs that the reference to "all the methodologies mandated by the various
regulations" in Section 2.1 (Architecture Description) of NEDO-33251, (ESBWR I&C
Diversity and Defense-in-Depth Report) should be clarified. NEDO-33251 will be revised
to indicate the regulatory requirements applicable to the ESBWR Distributed Control
and Information System are delineated in Table 7.1-1 (I&C Systems Regulatory
Requirements Applicability Matrix) and discussed in Subsection 7.1.1 (Distributed
Control and Information System) of the Design Control Document Tier 2. The reference
to General Design Criterion 24 (Separation of Protection and Control Systems) is
deemed acceptable and no changes are required to the discussion in Section 4.11
(Plant Monitoring - Guideline 13), which is referenced as Section 4.1 in the RAI text.

DCD/LTR Impact

Section 2.1 of NEDO-33251 will be clarified as part of Revision 2, per the attached.
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NRC RAI 7.1-134

DCD Tier 2 Section 3.1.1.5 for GDC 5 states that there are no shared structures,
systems, and components because the ESBWR Standard Plant is a single-unit station.
However, DCD Tier 2 Section 7.1.6.6.1.14 discusses a multiple unit design with the N-
DCIS having common network components to control and monitor common hardware
and systems. DCD Tier 2, Chapter 7 does not describe any shared N-DCIS
components or common hardware and systems. Delete everything in DCD Tier 2
Section 7.1.6.6.1.14 but the first sentence, which states, "The multi-unit station criteria
do not apply to the standard single unit plant design submitted for NRC certification."
Similarly, delete DCD Tier I Table 2.2.15-4, Design Commitment 12 which provides
ITAAC for multiple units. This ITAAC is not applicable to the single unit ESBWR design.
An applicant that chooses to have multiple units may propose appropriate ITAAC.

GEH Response

GEH agrees to revise DCD Tier 1 and Tier 2 as noted in the attached markup. The
markup for this RAI response supersedes that of the response to NRC RAI 7.1-73
(transmitted via MFN 08-280, dated 3/26/2008) because this RAI response closes the
applicability of the ESBWR design certification to multiple units.

DCD Impact

DCD Tier 1, Subsection 2.2.15, Tables 2.2.15-1 and 2.2.15-2, and Tier 2, Subsection
7.1.6.6.1.14 will be revised in Revision 6 as noted in the attached.
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NRC RAI 7.1-135

Clarify how each event in NEDO-33251, Table Al is related to piping design, control
room design, or advanced instrumentation and controls.

NEDO-33251, Table A l identifies 8 events that will be analyzed later to confirm the
diverse protection system (DPS) design scope through the DAC process. DCD Tier 1,
Table 2.2.14-4 Design commitment 8, provides the DAC process. However it is not clear
that the events are related to piping design, control room design, or advanced
instrumentation and controls (/&C), for which the NRC has previously approved the use
of DAC. NEDO-33251, Appendix A identifies that the event analyses are not related to
design details, as DAC provided to verify the design scope in DCD Tier 1, Table 2.2.14-
4, Design commitment 9.

For example, for the first event 15.2.2.7, closure of all MSIV's, the analysis is to
determine the amount of fuel failure based on a DPS high pressure SCRAM. The fuel
response should be independent of the advanced /&C technology chosen, It is expected
that the event will be sufficiently analyzed in the design certification to determine what
DPS actions are required to meet the radiological criteria. Therefore, it is not clear that
the analysis of event 15.2.2.7 should be a DAC topic. For each event, clarify how each
event is related to piping design, control room design, or advanced instrumentation and
controls.

GEH Response

GEH concurs that the DCD Chapter 15 events are sufficiently analyzed to determine
what DPS actions are required to meet the radiological criteria and that the confirmatory
evaluation does not fall under the DAC process.

The digital protection system failures are considered bounding, and the deterministic
analysis in Appendix A to NEDO-33251 (ESBWR I&C Diversity and Defense-In-Depth
report) documents that the DPS design maintains the consequences within the
radiological criteria in the unlikely event of a digital protection system common cause
failure coincident with a Chapter 15 event.

The design of the ESBWR I&C uses the Design Acceptance Criteria (DAC) process;
since specific design/hardware details of the I&C platforms are not available prior to
design certification. The specific hardware/software platform is required before the
associated failure modes and effects analysis (FMEA) of the ESBWR (digital) protection
system can be completed in accordance with the guidance of NUREG/CR-6303
(Method for Performing Diversity and Defense-in-Depth Analysis of Reactor Protection
Systems). Because the confirmatory evaluation does not fall under the DAC process,
DCD Tier 1 Table 2.2.14-4, Design Commitment of ITAAC 8 will be changed to delete
its DAC designation for the confirmatory analyses. Additionally, the reference to NEDO-
33251 will be deleted from the Inspections, Test, Analyses discussion of ITAAC 8, since
this detail is provided appropriately in DCD Tier 2 (refer to Subsections 7.1.1 and 7.8.1).
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Since all of the DCD Chapter 15 design basis events are evaluated under the
NUREG/CR-6303 process as described in the Introduction to NEDO-33251, Appendix
A, Table Al will be deleted to eliminate the ambiguity. The final evaluation of these DCD
Tier 2 Chapter 15 events is based on the credible platform failures identified through the
NUREG/CR-6303 process.

In Revision 2 of NEDO-33251, GEH will clearly identify that the DCD Chapter 15 events
are evaluated based on the credible failures identified from the final protection system
design.

DCD/LTR Impact

As part of Revision 2, Appendix A of GEH Licensing Topical Report NEDO-33251 will
be updated including the deletion of Table Al, per the attached.

As part of the response to RAI 7.8-9 submitted under MFN-08-920 Supplement 2, dated
December 17, 2008, DCD Tier 1 Table 2.2.14-4, ITAAC 9 was deleted and ITAAC 8
was modified to include the ITAAC 9 design commitment. As part of Revision 6, Design
Commitment 8 of DCD Tier 1 Table 2.2.14-4 will be revised to remove the DAC
designation per the attached.
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NRC RAI 7.3-17

DCD Tier 2, Sections 7.3.6.3.4 and 7.3.6.3.5 state that the vacuum breaker isolation
function (VBIF) conforms to RG 1.22 and SRP BTP HICB-8 even though it states that
the system logic and components are tested periodically during refueling outages.
However, conformance to RG 1.22 involves testing during reactor operations or
addressing regulatory position D4. Section 7.3.6.4 states, the VB isolation function trip
logic units (TLUs) are self-tested continually at preset intervals and can be tested during
plant operation. This implies that RG 1.22 regulatory position D4.a is not applicable to
the TLUs. Section 7.3.6.4 states VB isolation function equipment inside containment is
tested during refueling outages but does not state why it is not practicable to test during
reactor operation. DCD Tier 2, Table 3.9-8 states that vacuum isolation valves are
stroked open and closed on a 3 month frequency. DCD Tier 2, Table 3.9-8 states that
seat leakage rate testing and valve position verification are performed on a 2 year
frequency. DCD Tier 2, Table 3.9-8 does not identify any tests that are performed on a
refueling outage frequency. In summary, the VBIF testing is unclear and the DCD does
not describe how the VBIF testing conforms to RG 1.22, including Regulatory Position
D.4 if applicable, as was done for the automatic depressurization system (ADS) in DCD
Tier 2, Section 7.3.1.1.3.5. Clarify how the VBIF is tested and describe how the VBIF
conforms to RG 1.22 and SRP BTP HICB-8.

GEH Response

GEH concurs. DCD Tier 2, Section 7.3.6.4, will be revised to clarify that the VBIVs are
tested in accordance with the requirements of Table 3.9-8. This Table requires VBIV
stroke testing every three months.

The VBIF logic for the VBIVs is tested periodically during reactor operation in support of
the requirements of DCD Tier 2, Table 3.9-8. As noted on Table 3.9-8, stroke testing of
the respective VBIV during reactor operations is required every three months. This
periodic stroke testing during operation will verify operation of each VBIF actuation
output and the associated VBIV. Only one VBIV at a time will be actuated. The manual
actuation function and the automatic actuation function both operate the same final
actuation device from the VBIF logic.

As a result of the ability to test the VBIF and VBIVs during reactor operation, RG 1.22
regulatory position D4.a is not applicable to the VBIF design. Therefore, the VBIF and
VBIV design complies with the requirements of USNRC Regulatory Guide 1.22 and BTP
HICB-8.

DCD Impact

DCD Tier 2, Section 7.3.6.4 will be revised for DCD Revision 6 per the attached to
indicate that the VBIVs are tested in accordance with the requirements of Table 3.9-8.
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NRC RAI 7.5-9

DCD Tier 2, Section 7.5.1.1 states that post-accident monitoring (PAM) instrumentation
includes equipment (including the necessary instrumentation) at appropriate locations
outside the main control room with the capability for prompt hot shutdown of the reactor.
While specific safety-related instrumentation will be identified through the
implementation of RG 1.97, when identified this instrumentation should conform to
regulatory guides identified for information systems important to safety in SRP Appendix
7.1-A (e.g. as was described for the containment monitoring system (CMS) and the
process radiation monitoring system (PRMS)). However, DCD Tier 2, Table 7.1-1 and
Section 7.5.1.3.4 do not identify applicable regulatory guides, such as 1.47, 1.53, 1.75,
1.105, 1.118, 1.151, 1.152, 1.153, 1.168, 1.169, 1.170, 1.171, 1.172, and 1.173.
Conformance to applicable quality standards is required by 10 CFR 50.55a(a)(1) and 10
CFR 50 Appendix A GDC 1. As described SRP Appendix 7.1-A for information systems
important to safety, an accepted approach is to conform to applicable regulatory guides
and associated endorsed standards.

DCD Tier 1, Table 3.7-1 design commitment 2 states that the PAM instrumentation
software is developed in accordance with the software development program described
in DCD Tier 1, Section 3.2. It not clear how the safety-related PAM software is
developed if the associated safety-related software regulatory guides: 1.152, 1.168,
1.169, 1.170, 1.171, 1.172, and 1.173, are not applicable to the PAM instrumentation.

Also, it is not clear how the safety-related PAM instrumentation conforms to IEEE 603.
For example if RG 1.75 is not applicable to the PAM instrumentation, what alternative
methods will be used to conform to IEEE Std 603 Criteria 5.6 and 5.11 ?

Based on the examples above, clarify how the PAM instrumentation conforms to 10
CFR 50.55a(a)(1), 10 CFR 50 Appendix A GDC 1, and IEEE 603 if it does not conform
to applicable RGs.

GEH Response

1. DCD Tier 1, Table 3.7-1 design commitment 2 states that the PAM instrumentation
software is developed in accordance with the software development program
described in DCD Tier 1, Section 3.2. It not clear how the safety-related PAM
software is developed if the associated safety-related software regulatory guides:

1.152, 1.168, 1.169, 1.170, 1.171, 1.172, and 1.173, are not applicable to the PAM
instrumentation.

The Post Accident Monitoring (PAM) system does not contain any instrumentation
and controls (I&C) equipment and therefore has no software. Post Accident
Monitoring will be done with either the safety-related or nonsafety-related
instrumentation of other systems depending on the IEEE Std. 497 variable type (i.e.,
A, B, C, D, or E). For variable types A, B, or C, safety-related I&C systems will be
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used. Note that the HFE design process described in Tier 1, S3.3 will determine the
exact number and type of variable. Table 7.1-1 provides I&C system conformance
to the RGs. DCD Tier 2, Table 7.1-1 is being revised in response to RAI 7.1-99 and
shows that RG 1.152, 1.168, 1.169, 1.170, 1.171, 1.172, and 1.173 as being
applicable to the safety-related systems. Note that the revised Table 7.1-1 has
deleted the column for PAM, since PAM does not contain I&C equipment. Table
7.1-1 demonstrates conformance to regulations, RGs, etc for the various safety-
related and nonsafety-related systems that will perform post accident monitoring.

Safety-related software is developed in accordance with the requirements contained
within the Software Management Program Manual (SMPM) and the Software QA
Program Manual (SQAPM). The SSLC/ESF software project will control the safety-
related VDUs on which the PAM screen displays will reside. The exact configuration
and number of PAM display screens is subject to the RG 1.97, Rev. 4, HFE design
process as described in DCD Tier 1, Section 3.3; and DCD Tier 2, Chapter 18.

2. Also, it is not clear how the safety-related PAM instrumentation conforms to IEEE
603. For example if RG 1.75 is not applicable to the PAM instrumentation, what
alternative methods will be used to conform to IEEE Std 603 Criteria 5.6 and 5.11 ?

As indicated above, Post Accident Monitoring will be done with the instrumentation
of other safety-related and nonsafety-related I&C systems. Conformance with the
IEEE Std. 603 criteria is documented in the conformance statements and DCD Tier
2, Table 7.1-2 for these safety-related systems. The safety-related I&C systems and
their applicable RGs are documented in DCD Tier 2, Table 7.1-1.

3. Based on the examples above, clarify how the PAM instrumentation conforms to 10
CFR 50.55a(a)(1), 10 CFR 50 Appendix A GDC 1, and IEEE 603 if it does not
conform to applicable RGs.

Conformance to 10 CFR 50.55a(a)(1) is stated in Subsection 7.5.1.3.1, which states:
"Conformance: The PAM instrumentation design complies with these standards."

Conformance to GDC 1 is stated in Subsection 7.5.1.3.2, which states:

"Conformance: The PAM instrumentation design conforms to these GDC."

Conformance with IEEE Std. 603 is described above.

DCD Impact

No DCD changes will be made in response to this RAI.
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NRC RAI 7.7-12

RG 1.70 states that analyses should be provided in the SAR to demonstrate that control
systems are not required for safety. The analyses should demonstrate that the
protection systems are capable of coping with all (including gross) failure modes of the
control systems. A similar statement is provided in RG 1.206.

RG 1.206 and SRP Section 7.7 (both revisions 4 and 5) clarify that these analyses
should consider (1) the effects of control system operation on accidents, (2) the effects
of control system failures, and (3) the effects of control system failures caused by
accidents. The analyses should be compared to those in Chapter 15 of the SAR and
address failure modes that can be associated with digital systems. The analyses
provided in each system DCD Tier 2, Section 7.7 "Safety Evaluation" section only
partially address the above (i.e., RC&IS and FWCS) or hardly at all. Only the RC&IS
safety evaluation mentions Chapter 15. Revise the safety evaluations in DCD Tier 2
Section 7.7 to address the above guidelines.

GEH Response

GEH concurs that the safety evaluation subsections of DCD Tier 2 Section 7.7 should
be revised to include references to Chapter 15 where failure modes can be associated
with nonsafety-related digital systems.

With regard to SRP 7.7, the DCD Tier 2 Chapter 15 analysis considers the effects of
control system operation on accidents, the effects of control system failures, and the
effects of control system failures caused by accidents. Assumptions regarding the
operational status of nonsafety-related systems in the safety analysis of AGOs and
Infrequent Events are provided in DCD Tier 2 Section 15.2. Although GEH does not
credit nonsafety-related systems for safety-related functions, the increased reliability of
the nonsafety-related systems allows some transients that were previously designated
as AOOs to be designated as Infrequent Events. A failure of these nonsafety-related
systems does not prevent safe shutdown of the reactor.

For the NBS, outputs from the nonsafety-related transmitters are used for feedwater
control. References to Chapter 15 analysis will therefore be made from the FWCS
section discussed below (Note that DCD Tier 2 Section 7.7 was revised in RAI 7.7-8 to
reflect only nonsafety-related portions of NBS).

For the RC&IS, references to Chapter 15 analysis already exist in Section 7.7.2.3 (as
pointed out in the NRC RAI). Section 7.7.2.3 will be revised to include specific Chapter
15 references where the analyses of RC&IS control failures are considered. This will
consist of Section 15.2.3.1 Control Rod Withdrawal Error During Startup, 15.2.3.2
Control Rod Withdrawal Error During Power Operation, 15.3.1 Loss of Feedwater
Heating With Failure of SCRRI and SRI, 15.3.7 Control Rod Withdrawal Error During
Refueling, 15.3.8 Control Rod Withdrawal Error During Startup With Failure of Control
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Rod Block, and 15.3.9 Control Rod Withdrawal Error During Power Operation with
ATLM Failure.

For the FWCS, Section 7.7.3.3 will be revised to include specific Chapter 15 references
where the analyses of FWCS control failures are considered. This will consist of
15.2.4.2 Runout of One Feedwater Pump, 15.3.1 Loss of Feedwater Heating With
Failure of SCRRI and SRI, and 15.3.2 Feedwater Controller Failure - Maximum Flow
Demand.

For the PAS, Section 7.7.4.3 will be revised to include specific Chapter 15 references
where the analyses of PAS control failures are considered. This will consist of Section
15.2.3.1 Control Rod Withdrawal Error During Startup, 15.2.3.2 Control Rod Withdrawal
Error During Power Operation, 15.3.8 Control Rod Withdrawal Error During Startup With
Failure of Control Rod Block, and 15.3.9 Control Rod Withdrawal Error During Power
Operation with ATLM Failure.

For the SB&PC System, Section 7.7.5.3 will be revised to include specific Chapter 15
references where the analysis of SB&PC control failures are considered. This will
consist of 15.2.5.1 Opening of One Turbine Control or Bypass Valve, 15.3.3 Pressure
Regulator Failure - Opening of All Turbine Control and Bypass Valves, 15.3.4 Pressure
Regulator Failure - Closure of All Turbine Control and Bypass Valves, 15.3.5 Generator
Load Rejection With Total Turbine Bypass Failure, and 15.3.6 Turbine Trip With Total
Turbine Bypass Failure.

For the nonsafety- related subsystems of the NMS, the AFIP subsystem and the MRBM
subsystem are assumed to be operational in Chapter 15 analysis.

The CIS is assumed to be operational in Chapter 15 analysis.

DCD Impact

DCD Tier 2, Sections 7.7.2.3, 7.7.3.3, 7.7.4.3, and 7.7.5.3 will be revised in Revision 6
per the attached.
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NRC RAI 7.7-13

SRP Section 7.7 (both revisions 4 and 5) states that physical and electronic access to
digital computer-based control system software and data should be controlled to
prevent changes by unauthorized personnel. Access control should address access via
network connections and via maintenance equipment. This topic is not clearly
addressed in either the DCD Tier 2 or the in the Cyber Security Program Plan (NEDE-
33295P). Clarify the access controls for control systems.

GEH Response

Concur. GEH will provide clarification to the N-DCIS Design Basis as indicated in the
attached markup of DCD Tier 2, Subsection 7.1.5.1.2.

Physical access control: Key-locked cabinet doors with door position switches will be
provided to be used in a site security program to control access by unauthorized
personnel.

Electronic access control: Password protection will be provided to be used in a site
cyber security program as described in the LTR "ESBWR Cyber Security Program
Plan," NEDE-33295P.

DCD Impact

DCD Tier 2, Sections 7.1.5.1.2 will be revised in Revision 6 per the attached. A change
is made to the sixth bullet of the design basis for correctness.



MFN 09-045

Enclosure 2

Response to Portion of NRC Request for
Additional Information Letter No. 263

Related to ESBWR Design Certification Application

DCD And LTR Markups for
RAI Numbers 7.1-133, 7.1-134, 7.1-135,

7.3-17, 7.7-12 and 7.7-13

Verified DCD & LTR changes associated with these RAI responses are
identified in the enclosed DCD & LTR markups by enclosing the text within a black
box. The markup pages may contain unverified changes in addition to the verified
changes resulting from these RAI responses.



LTR Markups for RAI Number 7.1-133



NEDO-33251

The DCIS hardware and software architecture is compliant with NEDO-33226P - Software
Management Plan (Reference 6-5). The configuration supports:

___Controlling and monitoring of the safety-related systems on the safety-related displays
whatever the status of the N-DCIS,

-- The alarm management of safety-related systems on the N-DCIS (through isolated data
links from the four divisions (control of Q-DCIS from N-DCIS is not possible through
the data links),

•- Dual and triple redundancy for all important PCF and for control of power generation
systems,

-Segmented PIP systems, and
___A high quality nonsafety-related DPS that can perform a subset of reactor scrams,

isolations, and ESF actuations without affecting or interfering with its safety-related
counterparts.

The ESBWR DCIS uses al4-the- methodologies mandated by the various regulations to maximize
control system reliability and safety; these inclu.de r.edundancy, diver.sity, segmentation and
iselation as delineated in Table 7.1-1, "I&C Systems Regulatory Requirements Applicability
Matrix," and described in Subsection 7.1.1, "Distributed Control and Information System," of
the ESBWR DCD (Reference 6-3). Design principles such as physical and electrical
independence, redundancy, segmentation and diversity are employed. Diversity is indicated for
the various control systems:

" Q-DCIS cabinets including:

- Reactor Trip and Isolation System (RTIF) cabinet [includes RPS and (MSIV);

LD&IS].

- NMS [including APRMs, LPRMs and Source Range Neutron Monitor (SRNMs)].

- ATWS/SLCS (also includes some nonsafety-related functions) (this function is

physically located in the RTIF cabinets).

- VBIF (this function is physically located in the RTIF cabinets).

- ESF/ECCS [(includes ICS, ADS, GDCS, SLCS, Non MSIV, LD&IS, Control

Room Habitability System (CRHS) and Containment Monitoring System (CMS).]

" N-DCIS cabinets including:

- PIP A,

- PIP B,

- DPS,

- Severe Accident (deluge) Control System,

- BOP Control, and

2-8
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26A6641AB Rev. 06
ESBWR Design Control Document/Tier 1

(-4(9)Criteria 5.2 and 7.3, Completion of Protective Actions: The listed systemf•is areThe

referencing platform is designed so that,

- a)--eOnce initiated (automatically or manually), the intended sequences of safety-
related functions of the execute features continue until completion, and

S(-)-aAfter completion, deliberate operator action is required to return the safety-
related systems to normal.

Criterion 5.4, Equipmnent Qualification:Cr-iter-ion 5.5, System Integriy:

(10) Criteria 5.6 and 6.3, Independence:

a. For the referencing platform, physical, electrical, and communications independence
between redundant portions of safety-related systems, between safety-related systems
and the effects of a DBE, and between safety-related systems and nonsafety-related
systems exist, as identified in the applicable FMEA.

b. IEEE Std. 7-4.3.2, Criterion 5.6, Independence, the referencing platform is designed to
perform its safety-related function when subjected to communication design basis
conditions.

(5o the U 1iU tedU ' V 'gteml. nh1v'ia eII eetr iUUa andl cII mmul lnUIIIIcaion IlldcncnIdence hetwccn~l

r-edundant por-tions of safety related systems, between safet related systems and the
effeets of a DBE, and between safety related systems and nonisafety related systems e&is,
as identified in the applicable NEFA-.

(11) Criteria 5.7 and 6.5, Capability for Test & Calibration: The listed systems havereferencing
platform has the capability to have thekits equipment tested and calibrated while retaining
theiiits capability to accomplish the-its safety-related functions.

(7)Cr-iter-ion 5.8, Infomation Displays: Informnation display systems are designed to b
aceessible to the operator-s, display variables for manudally eentrfolled actionis, display
system statuis in~fforation, provide indication of bypasses, antd display post accidenit

pest accident monitoring design proeees descr-ibcd in Sectiont 3.7.

f§)I .2) Criterion 5.9, Control of Access: The listed system, havcreferencing platform has
features that permit administrative control of access to safety-related system equipment.

q-(1 3) Criterion 5.10, Repair: Safety related systems areThe referencing platform is designed to
facilitate the timely recognition, location, replacement, repair, and adjustment of
malfunctioning equipment.

(14) Criterion 5.11, Identification: The redundant portions of the referencing platform are
distinctly identified.

(15) Criterion 5.12, Auxiliary Features: Other auxiliary features cannot degrade the safety
freferencing platform's performance below an acceptable level.

424.(i6Criter-ion 5.13, Muilti Unit Stations: The operation or- failurfe of straetur-es, Systems, an
components shared between units at a multi unit generatingi station d not aff-ect the
perfo•mance of.the saety rc-lated func1tions of the systems listed4 in Table 22.5-" 1-. Deleted

2.2-132
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Table 2.2.15-1

ITAAC Applicability Matrix (2)

-.. - ~c'! N' D ~ CIEEE Std. - " E -" • i -; ' - = u - ' '
603 " c z 0 ,- u. -- " to r-- -

Criterion 4 o• , i ) cn 4 oi w 0 -
C4 CO 4 _ I C1 CN COj (n C4

CO~ ~~~~ ~ 0 C.- XO(l C ~ . C) , C ..
I -W CL aO 0O w aJ (n CO (L CM M LL

Z U. C) Z w w -j CO CL 0 C. C. CO w C.) w

5.1 - - - x - x x x - x x x - - x x x

5.2 - - - x x x - - - x - _ -a- .-

5.3 (3) (3) (3) (3) (3) (3) (3) (3) (3) (3) (3) - (3) (3) (3) (3) (3)

54X X X X X X X X X X X - X X X X X

5.5 X X X X X X X X X X X X X X X X

5.6 and 6.3 x x x x x x x x X X X X x x x x x

5.7and6.5 x x x x ( x x x x x 3 x ( x ( ( x

5.8 X X X X X X X X X X X X X X X X X

5.5 X X X X X X X X X XX X X X X

5.9 - - - X X x x X - - - - - - - - -

5.0 X X X X X X X X X X X X X X X X

5.1 X X X X X X X X X X X X X X X X

5.12 X X X X -I X X X X X

-.-.. Delete X - ,
d

5.14 X X X X X X IX X IX X IX X X iX X X

5.15 X X X X X X X X X X X X X X X X

6.1 and 7.1 X X X X X X X X

6.2 and 7.2 X X X X X - X X X X

6.4 X X X X X X X X X X X X X X X X

6.6 and 7.4 X X X

6.7, 7.5,
and 8.3 X X X X X X

6.8 X X X X X X X - X X

8.1 X X X X X X X X X X X X X X X X

8.2 - X - - - - X - - X X - I X X X

(1) A dash means not-applicable.
(2) Safety-related portions only.
(3) No ITAAC is required for this criterion. See the description of the 10 CFR 50, Appendix B, Quality Assurance

Program that is applied to the design, fabrication, construction, and test of the safety-related structures, systems,
and components provided as part of the preliminary safety evaluation report as required by 10 CFR 50.34(a)(7).

*CS=Containment System
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Table 2.2.15-2

ITAAC For IEEE Std. 603 Compliance Confirmation

Design Commitment Inspections, Tests, Analyses I Acceptance Criteria I
154-. Criterion 5.12, Auxiliary Features:

Other auxiliary features cannot
degrade the referencing platform's
performance safety r.elated systems
listed in Table 2.2.15-1, below an
acceptable level.

Block level FMEA will be performed to
verify that the designs of other auxiliary
features of the Criterion 5.12 systems
listed in Table 2.2.15-1 do not have failure
modes that can degrade the safety-related
systems below an acceptable level.
{ {Design Acceptance Criteria} }

Analysis report(s) exist and conclude that
the designs of other auxiliary features of
the Criterion 5.12 systems listed in Table
2.2.15-1 do not have failure modes that
can degrade the safety-related systems
below an acceptable level. { {Design
Acceptance Criteria} }

-. 1. 4 4

1.26.Cr iter-ien 5.13, Multi Unit Stationsi. Analysis(es) will be performed ofth
safety related systems plant specific

A 1 t ,t , ,t

I fl~ ~JyiaLI~nr's1 ItiIILLI t '..Jt .3LI LL~tLflt3,

F

Analysis rcprt4ýsJ conclude that the
Opeatonorfailutre of shared stf~utur-es,

systes, ad coponets at a fmulti unit
systems, and componients shared
between untiits at a mfulti unit
generating station de not affect the

.t/I Ivv t~,.,,,• t - onJ.L . - ni n+.,l

nLteL L VII w s a3tI e s,.tL LLLuLSf•,elS , sJi/ ,s1tI.3,

and components at a multi unit generating perLfratnge otatfothde nety re•lat ted

P 1 P V 1 ~

F 1-Y •k

nietn ens'-v e t ein systems".i, -i't'i .

Table 2.2.15 1 .Deleted

criteria for- Sinl ai analtysts tor
shafed syste 7

The safety related systems of all unit
shall be capable of per-ferming their
r-equired safeaty related ffinctions with a

•,• ••• tt• X O~LD • •-~i•• , .X~XVo ox ,

functions of the systems listed in Ta
2.2.15 .

ul_ e .t.itu..e assilned within the . . . -
systems or- within the auxiihafy suppetiing
featurfes r: etnier systems with whien --e
shared systemfs inter-face.

b. The safet related systems of each unit

s a e eapa
,;,,A -P-+- ,II,÷A .•,•';.,-.. -4..L1, ..,I

tflIZI~rS.TCUI I CrS.-rlIL tILL LS.'tUXJt~IIt LII r~xnij III
OL~L• •. •ltt4t• IIIX••, •V~l•ttXX XXXyiJ

Mhafe4.
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HVAC, whether active or passive is a key auxiliary supporting system that maintains the
necessary environmental conditions for both the safety-related and nonsafety-related I&C

equipment. Under normal operating conditions when offsite power is available or when diesel

generators are running, HVAC systems control the temperature and humidity of all I&C
equipment. Under a loss of power condition, including Station Blackout (SBO), batteries
provide continuous safety-related I&C operation for 72 hours, and continued operation of the
nonsafety-related I&C equipment for two hours. However, during a loss of power condition,

active HVAC is not available to the safety-related CB or RB equipment, except in the CRHA as
noted below. The Q-DCIS and its safety-related battery-operated support equipment remain

powered and the heat generated is removed passively (except possibly by small chassis mounted
fans); the Q-DCIS and support equipment is qualified for the expected temperature rise. Battery-

backed N-DCIS equipment is only powered for two hours if offsite and diesel generator power is
lost; during that interval the batteries supplying the N-DCIS also power nonsafety-related HVAC
in the CRHA. If the nonsafety-related redundant HVAC is not available, safety-related

temperature sensors with two-out-of-four logic trip the control room power that feeds the
nonsafety-related I&C. The safety-related I&C that remains operable is qualified for the
resulting temperature rise with passive heat removal. This scheme protects the equipment and

maximizes operator comfort. Additional description of the HVAC design, including the use of

room coolers powered by the ancillary diesel generators is included in Chapter 8, Chapter 9, and
Appendix 19A.

7.1.6.6.1.14 Multi-Unit Stations (IEEE Std. 603, Section 5.13)

The multi-unit station criteria do not apply to the standard single unit plant design submitted for
NRC certification. For- multiple u.nit designs only the N DCIS would have comm.n netwo

cempencnts as ne.essar.y to ..ntro.l and m..niter common hardwar.e and systems. The Q DCIS
of fmultiple units wouild have neither- shared eomponents nor- shared divisions. The operation or
failur.e of shared N DCIS compnents does niat affect the performance Of the Q DC.

7.1.6.6.1.15 Human Factors Considerations (IEEE Std. 603, Section 5.14)

The I&C system design includes a HFE design process that is consistent with the requirements

outlined in NUREG-07 11, "Human Factors Engineering Program Review Model." The HFE
process defines a comprehensive, iterative design, approach for the development of a human-
centered control and information infrastructure and is described in Chapter 18.

7.1.6.6.1.16 Reliability (IEEE Std. 603, Section 5.15)

The degree of redundancy, diversity, testability, and quality of the safety-related I&C design
achieves the necessary functional reliability. Safety-related equipment is provided under GEH's
10 CFR 50 Appendix B quality program. The BTP HICB-14 guidance followed for software
development processes achieves reliable software design and implementation. To achieve
defense against common mode failure, the design includes defense-in-depth and diversity
measures including the incorporation of the DPS described in Section 7.8. Reference 7.1-4
provides specific information on the redundancy and diversity used in safety-related I&C

systems. The Q-DCIS is included in the consideration of the probabilistic risk assessment

(PRA). (Refer to Chapter 19.)
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APPENDIX A - ESBWR Instrumentation &Control Defense-in-
Depth and Diversity (D3) Evaluation of Reference 6-3, Chapter 15
Events Assuming Common Mode Failure of a Digital Protection

System

INTRODUCTION

This evaluation determines the effect of digital protection system common-
cause/common mode failures on the events documented in Design Control Document
Chapter 15, Safety Analyses (Reference 16-3), as required by Branch Technical Position
(BTP) HICB-19 (Reference 6-2). BTP HICB-19 uses dose criteria from 10 CFR 100 to
evaluate coping, while standard accident analyses for plants licensed under 10 CFR 52
use the dose criteria specified in 10 CFR 52.79(a)(1)(vi).

Reference 6-2 provides acceptance criteria for two sets of events (Abnormal Operating
Occurrences (AOOs) and Design Basis Accidents). Some events are bounded and this
conclusion is documented as part of the evaluation. For the purposes of this evaluation,
the acceptance criteria for AOOs are applied to Infrequent Events.

This evaluation needs to be updated when the final design details of the protection system
logic platforms are finalized-(e.g., actual hardware platfeimis and details of the hardware
components are detefmineddocumented, and failure modes and effects reflect the final
hardware and detailed logic designare beter 1own or evaluated).

~Aditionally, this evaluation needs to be upatdwhf fu--1v -anAM1'ses ar0efiped tO

evauatd, abl A!idetifes vens updhated v~ean lur-ed conigw -mpletedoLh

events which either- r-equir-e fur-ther- analyses to stipport the eatielutins, are
r-ecommended, or- re-ir an * sessment disp~ositioningý the econclue14--ions proevided.

Conclusions:

Applying realistic assumptions, Thethe following DPS syste afunctions atributesare
establishedconfirmed mitigate the effects of digital protection system software common-
cause failure scenarios applied to the Reference 6-3 design basis events:

A-2
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Diverse reactor tr-ipSCRAM on the following signals:
* High *eaeteFRPV pressure,

" High drywell pressure,
" High suppression pool temperature,

" High r-eaete RPV water level (L8),
* Low feaetRPV water level (L3), orand
* Inboard or outboard MSIV closure on two or more main steam linesMS-W

elostife.

Diverse ECCS (i.e., ICS, ADS, GDCS injection, and SLC) sequenced actuation on the
folowing -signa4:slow RPV water level (Level 1).

[9 hw r-eaetor- water- level (Li), and
9MSAL elosurfe (!Gs).

Diverse manual GDCS suppression pool equalizing function is provided in lieu of
automatic actuation under the ECCS sequence because the earliest this function is
required is 30 minutes following a LOCA and only in the unlikely event that RPV
level reaches level 0.5.

Diverse opening of the IC/PCCS expansion pool to equipment storage pool cross-
connect valves on low IC/PCCS expansion pool level.

Diverse ICS operation - reactor pressure control on the following signals:
* Inboard or outboard MSIV closure on two or more main steam linesM-IS

elesttfe.
* Delayed high RPV pressure, or
" Delayed low RPV level (Level 2).

Diverse reactor isolationMSIV closure on the following signals:
• Low feae-teRPV water level,
" High reactor steam flow, and
" Low steamline pressure.

Diverse cntainment is.lation en the flloewing signals:
PLow reactor water leve!,closure of the RWCU/SDC isolation valves on high
differential flow

fiDiverse High process flews,closure of the feedwater isolation valves and tripping of
the ASD controller circuit breaker for the feedwater pumps on high drywell pressure
coincident with high feedwater line differential pressure

Feedwater pump trip on high RPV level (Level 9)
914igh pr-ocess differ-ential flows, and
DHigh d..ywell pr-essure•i°.

DPS S e ea sion (to be cfirmed by analysis)

A-3
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qPossible diverse eonitaintmenit isolaticnon etlew reaetor water- level (LI) (to limnit
radiation release).

gPessible initiation of feedwater line isolationf on high dfywell pressurfe and high
feedwater lin. e differe.tial pressure.

LPossible initiation of SPI and or SCRRJ on less of feedwater heating.
P Possible initiation of emnergency conitrol room HNTAC.

A-4
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Or C•nf•rmator-y Assesment

The following Referencee 63, Chapter- 15 events that were evaluated to be the most
limiting.my. e .q.uie ff.her analysis to verify thatin. te.s of the potential challeto

the acceptance criteria (whole body dose of 2.5 MrE em for- AOs and 25 EMrcm for
DBAs) can be mnet.-

&ubseee EveNt Isstte
15.2.2.-7 Cloesutre of all MSI--s Deteizine the amouint of friel failuire.-
45.54-i1- Leso f Feedwater: Heatinag Cycle specific analysis may be r-equire

to ver-ify evaluation asupin are
vafl4d

4-5.3-A Pr-essuire Regulator- Failure Fulell fail-ur-e moere likely to aocr- in this
Closure of All Tur-bine ad event assuming a CM4FCCF of RS.
Bypass-Val~e Ver-ify, radiological acceptanee cr-iteri

_ satisfied7.
4-5-3.5 Generator- Load r-ejection with Fluel f-aillur-e more likely to occuir in this

Total Tutr-bine Bypass Failure event assuming a CMFqCCF of RPS.
Ver-ify r-adio logical aceptneciei
satisfied7-

-5.3.6 Tur-bine Trip With Total Fluell -faillur~e more likely to occuir in this
Turbine Bypass failure event assuming a CMNFGCCF of PS.-

Verify r-adiological acceptanee cieria
satisfied.

1542 LOCA inside Containment Worst case dose may challenge 10 CFR
100 guidelines withouit implementation ot
containmffent isolation. Amalysis is5
r-equtired to confifif the results.

4-54AS Main Steamf line Break Leve 13 s houdI occur qickly to provd
Outside Conitainment trip. Conififmation r~equir-ed that isolation

on Li is acceptable or if MSIVI cLesur-eis
requird o limit r-adiation release.-

45.4.9 RWCU/SDC System Linfe Analysis r-equir-ed to verify radiologica
Failuire Outside Containtment acceptanee cr-iteria satisfied; if break sz

not suifficienit to reduce level to RPTV Li1
containment isolation doe niat oceurf.
Detennine acceptability of radiological

_f feease7-
4-
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Table 2.2.14-4

ITAAC For Diverse Instrumentation and Controls

Design Commitment Inspections, Tests, Analyses Acceptance Criteria

8. Confirmatory analyses support and
validate the DPS design scope.

P -rTIflflntt- 7 ýý -ol zryt ý n~ilty7J ^v+ l" U ý . 1-iq1, 1 , b.

vi~i-1tI thc DPJ &,i¶J. 'ecne will

beper-femwd-i.LComplete FMEA
per NUREG/CR-6303 of the
O-DCIS to validate the DPS

the DPS desig- e•n.esure. se xr dur•ig
a eemmon mode proetectien system
failure ecineident with the design basis

events discussed in the Saf.at! ' Aaa.,'
,qrm within 10 ")CR 1 on limit, (niprotection functions.

-9A.E'rD
tT, 'f 1: flF

Gr-it-efafi.Report(s) exist and conclude
that the FMEA completed per
NUREG/CR-6303 of the O-DCIS have
been addressed in the DPS design
sconpcl.

ii. Insnection retoort(s) exist and conclude
ii. Inspection of the DPS platform

reauirements Dhase summary that the platform requirements phase
summary baseline review renort containbaseline review report will be

performed.

iii. Inspection(s) of the DPS platform
test nhase summary baseline

the validated DPS design scope.

iii. Inspection re~ort(s) exist and
conclude that the DPS Dlatform(s) test

review report(s) will be performed. phase summary baseline review
report(s)

Identify and reconcile changes,
deletions, and additions to the
apolicable DPS design scope.

Confirm that tests show that the
DPS performs in accordance with
the applicable DPS design scope.
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* Conformance: The VB isolation function design conforms to BTP HICB-17.

BTP HICB-18 - Guidance on Use of Programmable Logic Controllers in Digital Computer-
Based Instrumentation and control Systems:

* Conformance: The VB isolation function design conforms to BTP HICB-18.

BTP HICB-19 - Guidance on Evaluation of Defense-in-Depth and Diversity in digital Computer-
based Instrumentation and Control Systems:

* Conformance: The VB isolation function design conforms to BTP HICB-19. The
discrete logic and solid state controls used in this design are not subject to the
vulnerabilities described by BTP HICB-19.

BTP HICB-21 - Guidance on Digital Computer Real-Time Performance:

* Conformance: The VB isolation function design conforms to BTP HICB-21.

7.3.6.3.6 Three Mile Island Action Plan Requirements

In accordance with the SRP for 7.3 and with Table 7.1-1, 10 CFR 50.34(f)(2)(v)[I.D.3] and 10
CFR 50.34(f)(2)(xiv)[II.E.4.2] apply to the VB isolation function. The VB isolation function
complies with the requirements as indicated above. TMI action plan requirements are addressed
in Appendix IA.

7.3.6.4 Testing and Inspection Requirements

The VB isolation function TLUs are self-tested continually at preset intervals and can be tested
during plant operation (IEEE Std. -603, ,,,,,ons .7 and 6.5. VB isolation function equipment
inside containment is tested during reactor operation to support VBIV stroke testing as specified
in Table 3.9-8 and Subsection 6.2.1.1.5rr-feling -e ,.ages. Refer to Subsection 6.2.1.1.5 for a
discussion of mechanical tests performed on the VB isolation functions.

7.3.6.5 Instrumentation and Control Requirements

The performance and effectiveness of the VB isolation function in a postulated accident is
verified by observing the following MCR indications (IEEE Std. 603, Section 5.8). (additional
discussion on the VB isolation function instrumentation is contained in Subsection 7.3.6.1 and in
Subsection 6.2.1.1.5):

* Status indication of VB position;

* Status indication of VB isolation valve position;

* Drywell and wetwell pressure indication;

" Drywell and wetwell temperature indications;

* VB isolation valve bypass status; and
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update process. All other setpoints are established prior to plant startup operations and only
adjusted, if needed, as a result of plant startup testing results. It is anticipated that none or very
few of the RC&IS setpoints (besides the continual ATLM rod block setpoint updates) require
adjustment as a result of startup testing results.

7.7.2.2.7.11 Environmental Considerations

The RC&IS is not required for safety-related purposes, nor is it required to operate after a design
basis accident. This system is required to operate in the normal plant environmental conditions
at the locations of the RC&IS equipment, in the back-panel area of the MCR and in applicable
areas of the RB.

7.7.2.3 Safety Evaluation

The circuitry described for the RC&IS is completely independent of the circuitry controlling the
scram valves. This separation of the scram and normal rod control functions prevents failures in
the RC&IS circuitry from affecting the scram circuitry. The scram circuitry is discussed in
Subsection 7.2.1. Because the RC&IS directly controls movement of each control rod as an
individual unit, a failure that results in inadvertent movement of a control rod affects only one
control rod. The malfunctioning of any single control rod does not impair the effectiveness of a
reactor scram. Therefore, no single failure in the RC&IS prevents a reactor scram. Repair,
adjustment, or maintenance of the RC&IS components does not affect the scram circuitry.

Chapter 15 examines the various failure mode considerations for this system. The expected and
abnormal transients and accident events analyzed in subsections 15.2.3.1, 15.2.3.2, 15.3.1,
15.3.7, 15.3.8, and 15.3.9 envelope the failure modes associated with RC&IS-eempenents digital
controls.

Table 7.1-1 identifies the RC&IS and the associated codes and standards applied, in accordance
with the SRP. This subsection addresses I&C systems conformance to regulatory requirements,
guidelines, and industry standards.

7.7.2.3.1 Code of Federal Regulations

10 CFR 50.55a(a)(1), Quality Standards for Systems Important to Safety:

* Conformance: The RC&IS design conforms to these requirements.

10 CFR 50.62, Requirements for reduction of risk from Anticipated Transients Without Scram
(ATWS) events for light-water-cooled nuclear power plants:

* Conformance: The ATWS mitigation functions are designed in accordance with the
requirements of 10 CFR 50.62.

10 CFR 52.47(a)(1)(iv), Resolution of Unresolved and Generic Safety Issues:

* Conformance: Resolution of unresolved and generic safety issues for I&C is discussed in
Section 1.11.

10 CFR 52.47(a)(1)(vi), ITAAC in Design Certification Applications:
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reactor thermal power versus FW temperature combination further departs from the area allowed
by the reactor power versus FW temperature map (high reactor thermal power, high feedwater
temperature or low feedwater temperature), the RPS initiates reactor shutdown. The RPS uses
eight safety-related measurements of FW temperature (two per division) and implements a
reactor scram using two-out-of-four logic based on a validated reactor thermal power. Refer to
Subsection 7.2.1 for the RPS description.

The FWCS initiates a runback of FW pump FW demand to zero and closes the LFCV and
RWCU/SDC OBCV when it receives an ATWS trip signal from the ATWS/SLC Logic. Refer to
Subsection 7.8.1.1.

A combined FW temperature change and FW flow/reactor water level change caused by
controller failure is precluded by implementing the two control schemes in physically different
cabinets and logic processors.

A loss of FW heating that results in a significant decrease in FW temperature is independently
detected by the ATLMs and by the DPS, either of which will mitigate the event by initiating
SCRRI and SRI functions. These interlocks mitigate the effects of a reactor power increase due
to reduced FW temperature. Although no credit is taken for the function in a safety analysis, the
FW temperature control system also mitigates inadvertent FW temperature changes in either
direction by manipulating its control valves to maintain the setpoint temperature. The
temperature difference between FW lines A and B is monitored and alarmed if it exceeds the
allowable value.

A total failure of the triple redundant FW temperature control system such that the outputs all fail
downscale (or upscale), and the heating steam valves close (or open), or the bypass valves close
(or open) is highly unlikely. No single failure or operator error of the FW temperature control
system results in more than a 55.6°C (100°F) decrease in the final FW temperature. The design
meets the requirements for the condensate and FW system specification in Subsection 10.4.7.1.

Chapter 15 examines the various failure mode considerations for this system. The expected and
abnormal transients and accident events analyzed in subsections 15.2.4.2, 15.3.1, and 15.3.2
envelope the failure modes associated with the FWCS digital controls.

Table 7.1-1 identifies the FWCS and the associated codes and standards applied, in accordance
with the SRP. This subsection addresses I&C systems conformance to regulatory requirements,
guidelines, and industry standards.

7.7.3.3.1 Code of Federal Regulations

10 CFR 50.55a(a)(1), Quality Standards for Systems Important to Safety:

* Conformance: The FWCS design conforms to these requirements.

10 CFR 50.62, Requirements for reduction of risk from ATWS events for light-water-cooled
nuclear power plants:

* Conformance: The ATWS mitigation functions are designed in accordance with the
requirements of 10 CFR 50.62.
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appropriate algorithms for automated sequences of turbine and related auxiliary systems. The
PAS presents the operator with a series of break point controls on the main control console
nonsafety-related VDUs for a prescribed plant operation sequence.

When all the prerequisites are satisfied for a prescribed breakpoint in a control sequence, a
permissive is requested and upon operator acceptance, the prescribed control sequence is
initiated or continued. The PAS then initiates demand signals to various system controllers to
carry out the predefined control functions. For non-automated operations that are required
during normal startup or shutdown (such as a change of Reactor Mode Switch status), automatic
prompts are provided. Automated operations continue after the prompted actions are completed
manually. The functions associated with reactor power control are performed by the PAS.

For reactor power control, the PAS contains algorithms that can change reactor power by control
rod motions. A prescribed control rod sequence is followed when manipulating control rods for
reactor criticality, heatup, power changes, and automatic load following. For reactor power
control by FW temperature change, the PAS can provide the FW temperature control setpoint to
allow reactor power maneuvering without moving control rods. Each of these functions has its
own algorithm to achieve its design objective. In combination, the two reactor power control
methods are utilized to form a sequential step-by-step power maneuvering strategy for the

control rod pattern/movement and FW temperature change. During automatic load following
operation, the PAS interfaces with the TGCS to coordinate main turbine and reactor power
changes for stable operation and performance.

The normal mode of operation of the PAS is automatic. If any system or component conditions
are abnormal during execution of the prescribed sequences, the PAS automatically switches into
the manual mode. With the PAS in the manual mode, any in-progress operation stops and alarms
are activated in the MCR. Also with the PAS in manual mode, the operator can manipulate
control rods through the normal controls. A failure of the PAS does not prevent manual control
of reactor power, and does not prevent safe shutdown of the reactor.

The triple redundant FTDC and redundant system controllers perform the PAS control functional
logic.

7.7.4.3 Safety Evaluation

The PAS does not perform or ensure any safety-related function. This system is designed so that

functionalities of safety-related systems in the plant are not affected by it.

Chapter 15 examines the various failure mode considerations for this system. The expected and
abnormal transients and accident events analyzed in subsections 15.2.3.1, 15.2.3.2, 15.3.8, and
15.3.9 envelope the failure modes associated with the PAS digital controls.

Table 7.1-1 identifies the PAS and the associated codes and standards applied, in accordance
with the SRP. This subsection addresses I&C systems conformance to regulatory requirements,
guidelines, and industry standards.

7.7.4.3.1 Code of Federal Regulations

10 CFR 50.55a(a)(1), Quality Standards for Systems Important to Safety:
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" During plant load rejection and turbine/generator trips, and

* During cooldown of the nuclear reactor.

7.7.5.3 Safety Evaluation

The SB&PC System is classified as a primary power generation system. It is not safety-related,
and is not required to operate during or after any DBAs. The system is required to operate in the
normal plant environment and is required for the power production cycle. The SB&PC System
equipment is located in both the MCR area of the CB and the turbine building (TB); and each
SB&PC System component is subject to the environment of the applicable area. The SB&PC
System FTDC panel and its components are designed to retain structural integrity during and
after DBEs so that safety-related equipment in its area are able to perform their safety functions.

Chapter 15 examines the various failure mode considerations for this system. The expected and
abnormal transients and accident events analyzed in subsections 15.2.5.1, 15.3.3, and 15.3.4,
15.3.5, and 15.3.6 envelope the failure modes associated with the SB&PC digital controls.

Table 7.1-1 identifies the nonsafety-related SB&PC System and the associated codes and
standards applied, in accordance with the SRP. This subsection addresses I&C systems
conformance to regulatory requirements, guidelines, and industry standards.

7.7.5.3.1 Code of Federal Regulations

10 CFR 50.55a(a)(1), Quality Standards for Systems Important to Safety:

* Conformance: The SB&PC design conforms to these requirements.

10 CFR 52.47(a)(1)(iv), Resolution of Unresolved and Generic Safety Issues:

* Conformance: The SB&PC System is nonsafety-related and conforms in that there are no
unresolved issues for the SB&PC System. Resolution of unresolved and generic safety
issues is discussed in Section 1.11.

10 CFR 52.47(a)(1)(vi), ITAAC in Design Certification Applications:

* Conformance: Inspection, test, analyses, and acceptance criteria of the SB&PC System
FTDC are identified in Tier 1.

10 CFR 52.47(a)(1)(vii), Interface Requirements:

• Conformance: There are no interface requirements for this section.

7.7.5.3.2 General Design Criteria

GDC 1_,13, 19, and 24:

* Conformance: The SB&PC System design conforms to these GDC.
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" Provide a communication path for nonsafety-related data gathered and distributed
throughout the plant, including datalink interfaces to control systems. The
communication paths are redundant and include both the "native" control systems and
"foreign", vendor supplied or prepackaged control systems (condensate purification,
offgas, radwaste, area radiation monitoring, and meteorological monitoring, for
example);

" Reliably transfer to or from the plant areas, in digital format, analog or binary
information that has been collected and digitized from nonsafety-related RMUs. The
signals to the RMUs include transmitters, contact closures and other sensors or process
activation signals, generated elsewhere for the control of remote devices such as pumps,
valves or solenoids;

* Receive selected safety-related signals from the Q-DCIS through qualified safety-related
isolation devices and datalinks to gateway devices or workstations and then transmit the
signals to nonsafety-related VDUs and other nonsafety-related systems for control,
monitoring and alarming purposes;

" Replace a majority of conventional, long-length, copper-conductor cables that connect
components of the nonsafety-related plant I&C systems with fiber optic cable data
networks to reduce cost and complexity;

* Provide an electrically noise-free transmission path for plant sensor data and control
signals;

* Collect and archive data for transient analysis and data trending, sequence of events
recording, display of SPDS and RG 1.97 information in the MCR, processing, and
annunciation of alarm conditions to plant operational staff;

* Perform various PCF including PMC by providing Nuclear Steam Supply System
(NSSS) performance and prediction calculations, visual display control, point log and
alarm processing, surveillance test support, automation and the BOP performance
calculations;

" Provide a permanent record and historical perspective for plant operating activities and
abnormal events;

" Provide a secure communications interface with external computer and monitoring
systems (one-way communication, no control capabilities). This includes the Plant
Simulator (for training and for development and analysis of operational techniques),
TSC, EOF, and the ERDS;

* Provide key-locked control equipment cabinet doors including door position switches.
Electronic protection of control systems including password protection is provided in
accordance with the LTRs, "ESBWR Cyber Security Program Plan," NEDO-33295,
(Non- Proprietay); and "ESBWR Cyber Security Program Plan," NEDE-33295P,
(Proprietary), (Reference 7.1-8).

" Provide reactor core performance information;
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