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Introduction (1/4)

Purpose ,
R —

® Describe approach to resolve NRC acceptance review comments
for DCD resubmission .

® Explain reasons and precedents for rewsed approach as outlined
in this presentation @e O\

® Obtain NRC feedback regarding sufflmency of planned
information in the DCD resubmlssmn
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Introduction (2/4)

Approach Determined by Available Data

—

® Detailed turbine design characteristics not known yet; will depend
on unit selected by COL applicant

— Rotor design (monoblock vs. shrunk on. dlSk)

— Materials properties, including fracture toughness

— Vendor specific turbine m|SS|Ie probablllty analysis methodology
— Probability results depend on precedlng items

— Inspection frequency and metheds dependent on missile probability

analysis "\ ¢
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Introduction (3/4)

Plan for Changes for APR1400 DCD

® Remove details specific to particular turbine design

® Add new COL Items and ITAACs

— Requirements for Probability AnaIyS|s of Turbine Missiles to be
performed by COL holder/appllcant

— Functional requirements for redundancy, mdependence and
diversity of overspeed protectlon systems

® Revise descriptive sectlons conS|stent with new approach and to
resolve NRC comments-(e 9. , required material properties)

—
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Introduction (4/4)

Regulations and Guidance

—

® KHNP has considered applicable regulations and guidance in
preparing the APR1400 DCD

10CFR50 Appendix A General Design Criteria (GDC)

Regulatory Guide (RG) 1.206 identifies "":"specific DCD format,
organization, and content expected content

NUREG-0800, Standard Rewew Plan instructs NRC staff on what
to look for and what |s sufﬁment

Other documents (e g RG 1.115) address issues specific to
turbine mlssnes RS

Interim Staff Gmdance on Post-Combined License Commitments
ESP/DC/COL-ISG-015

5 APR1400-H-M-EC-14001-NP £ 7 ICHNP



NON-PROPRIETARY

2013 DCD Approach (1/3)

Tier 1: 2.7.1.1 |

® Information provided on:
— Valve configuration
— Qverspeed trip systems
® |ITAAC (Table 2.7.1.1-1) -
— #1 confirms functional arrangement
— #2 confirms functlonallty ef overspeed protection systems
- #4 conﬂrms valves Close On turbine trip
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2013 DCD Approach (2/3)

Tier 2: 3.5

® Information provided on:
— Turbine orientation (favorable)
— Probability of turbine failure
® No missile generation probablllty anaIySIs
® COL Items: M
- 3.5(2) confirm probablllty of mrssﬂe generatlon is <10 per year
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2013 DCD Approach (3/3)
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Tier 2: 10.2 :
® Information provided on:

— Turbine generator components

— Turbine control system

— QOverspeed protection system

— Materials selection "

— Fracture toughness . )

- Preserwce and mserwce |hspect|on programs
® Evaluation < ,_ T

— Probability of destructlve overspeed <10~ per year
® No probability anaIyS|s provided
® Brief mention of redundancy and independence

8 APR1400-H-M-EC-14001-NP £ 7 ICHNP
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NRC Acceptance Review (1/2)

Comment
E——

® FSAR Section 10.2 lacks a detailed description about how
redundancy, independency, and diversity is incorporated into the
turbine overspeed design, a discussion on operation and
reliability, detailed system and control drawmgs showing
important components, operatlonal ln5|ghts and inspection and
testing information. A\~

3
3
~
Q
<4
s
S
S
S
.S
=
¥
£
i=
O
~

¢ 2KEPCO 9 APR1400-H-M-EC-14001-NP &  ICHNP



NON-PROPRIETARY

NRC Acceptance Review (2/2)

Comment

® In APR1400 DCD Section 10.2.3, the applicant discusses how the

integrity of the APR1400 turbine rotor will be maintained over the
operating life of the plant. However, the turbine missile probability
analysis was not provided, which forms the basis and determines
that the information, including the folIOWIng, is valid in order to
meet the requirements of 10 CFR Part 50, Appendix A, GDC 4

- Required inspections-of the turbme rotor

- Required testing of: assoclated valves

- Substantiate the materlal m‘opertles specified in the DCD which
currently do not melett the guidelines of SRP Section 10.2.3
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Regulatory Requirements/Guidance (1/7)

SRP & RG 1.206: 3.5.1.1

—

® Provide information on SSCs outside containment that need to be
protected
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Locations A
Applicable seismic category and quallty group
Sections of the FSAR where the ltems are described

Missiles to be protected agalnst their sources, and the bases for
their selection for analy5|s >

Descrlptlon ef mlsS|Ie protectlon provided

i APR1400-H-M-EC-14001-NP & 7 ICHNP
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Regulatory Requirements/Guidance (2/7)

SRP & RG 1.206: 3.5.1.3

——

® Demonstrate SSCs important to safety are protected

|dentify if orientation is favorable or unfavorable
Provide dimensioned plant Iayout drawmgs
Barriers, including structural characterlstlcs

SSCs important to safety in terms of location, redundancy, and
independence f{;fwi RN

All TG units. (present and future) in the vicinity of the plant

Quantltatlve deSérlptlon of TG (e.g., component characteristics,
rotational speed and turbine internals)

Postulated missiles

Methods, analyses, results of TG missile probability analysis
IS| and testing program

Demonstration of capability of structural barriers

12 APR1400-H-M-EC-14001-NP ’///l ICHNP
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Regulatory Requirements/Guidance (3/7)

SRP & RG 1.206: 3.5.1.3

® Missile generation probability at design speed based on:

el

— Rotor design parameters
— Material properties
— Operating conditions P _
- Intervals of inservice examlnatlons of dISkS
® Missile generatlon probablllty at destructive overspeed based on:
- Speed sensmg and ’mppmg characteristics of governor
- Overspeed protectlon system reliability
— Diversity: Electric and mechanical trip systems
— Design/arrangement of main steam stop & control valves
— Test frequency of major turbine valves

® Probability of destructive overspeed is function of initiating event
frequency (i.e., loss of load)
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Regulatory Requirements/Guidance (4/7)

SRP 3.5.1.3 :

® Commit to following program if turbines are obtained from
manufacturers that have not submitted, or received NRC approval
for, their methods and procedures for calculatlng turbine missile
generation probabilities: 2%

—

— An [SI program should be used to detect rotor or disk flaws that
could lead to unacceptable brlttle failure probability at or below
design speed int rotor assembly within a given period of time..

— In accordance wrth manufacturers procedures, IS| program
should use' vrsuai surface, and volumetric exams to inspect
turbine components

— Surveillance test interval for governor and overspeed protection
system to ensure high reliability ...

— Design, inspection, and operating conditions should provide
assurance that the probability of turbine missile generation will
not exceed those described in Table 3.5.1.3-1 [10-4]...

14 APR1400-H-M-EC-14001-NP & 5 ICHNP
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Regulatory Requirements/Guidance (5/7)

SRP & RG 1.206: 10.2

® Describe how GDC 4 is met (10.2.1)
® Requirements to meet GDC 4
— The turbine control and overspeed protection system should
control turbine action under aII normal or abnormal operating

conditions..
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Regulatory Requirements/Guidance (6/7)

SRP & RG 1.206: 10.2

® Describe TG control and overspeed system in detail including
redundancy and diversity and how GDC 4 is met (10.2.2), including
valve characteristics

® Requirements to meet GDC 4 _

— The turbine main steam stop and contrel valves and reheat
steam stop and mtercept valves should protect the turbine from
exceedlng set speedsk. They are tripped in three independent

- Normal speed electro hydraullc control trips valves at ~105%
— Mechanical overspeed trip actuates at ~110%
- 2-out-of-3 electrical overspeed trip actuates at ~111.5%

— The [turbine generator system] should have the capability to
permit periodic testing of components important to safety...
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Regulatory Requirements/Guidance (7/7)

SRP & RG 1.206: 10.2.3

—

® Demonstrate rotor integrity, specifically:

Materials Selection. Forged or welded rotor made from material
and by process to minimize flaw occurrence and maximize
fracture toughness propertles materlal should be examined
and tested 2 U

Fracture Toughness: LP dISk forged or welded rotor fracture
toughness propertles acceptable if specified criteria are met.

Pre- serwce Inspc?ctlon Acceptable if meets specified criteria

Turbine Rotor IeS|gn Designed to withstand normal
conditions, ant|C|pated transients, and accidents resulting in a
turbine trip without loss of structural integrity and meets
specified criteria

Inservice Inspection. Acceptable if meets specified criteria.

17 APR1400-H-M-EC-14001-NP £ 5 ICHNP
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Unavailability of Proprietary Data (1/1)

New approach for Resubmission of APR1400 DCD

——

® KHNP
— Is not turbine designer/manufacturer

— Has no access to needed data to perform probability analysis

— Does not have access to vendor proprletary methodology

- Wants to retain flexibility to aIIow coL appllcant to choose
specific design W|thm constralnts that ensure acceptable
turbine missile: probablllty

® Missile evaluatlen based on other than COL applicant’s selected
turbine’s deS|gn and vendor-specific methodology is not relevant

® Lack of avallablllty of turbine vendor’s detailed proprietary data
and methodology precludes a meaningful example analysis

® Any analysis not design specific sets non-applicable acceptance
and inspection criteria, requiring departures for each COL

— Specific acceptance criteria ensure acceptable probability.

— Additional details ensure acceptability of overspeed protection.
¢ 2KEDCO 18 APR1400-H-M-EC-14001-NP & 7 ICHNP
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Unavailability of Proprietary Data (2/2)

DCD Changes Needed

B

® Eliminate turbine vendor specific details

® Establish design/functional requirements needed for acceptably
low turbine missile probability such as for.overspeed protection
redundancy, independence, and dlverS|ty

Consistent with SRP 3.5.1.3, stlpulate COL Items

Identify necessary tests and analyses

Derive inspections frequency from analyses

Establish specmc acc:eptance criteria to ensure performance

Capture tests, anaIySes ‘and acceptance criteria in COL Items and
ITAAC to ensure complete, proper treatment of turbine missile risk
by COL holder/applicant.
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ESBWR Precedents (1/5)

#1 - RAl 10.2-21*

® DCD Tier 2, Rev. 3, Section 10.2.5.1 states that the COL Holder will
provide an evaluation of the probability of turbine missile
generation using criteria in accordance with NRC requirements.
The probability of turbine missile generatlon should be completed
prior to license issuance so that the staff. can verify whether the
probability of turbine mlssﬂe generat|on is-within NRC
requirements... ~ | \ N

—

® Response: The Turbme Mlssne Probability Analysis will not be
available until after'the as-built turbine material properties and
final as-built rotor design details are available.... and is therefore
specified as a COL holder item...[see ITAAC] "An analysis exists
that documents that the probability of turbine material and
overspeed related failures, resulting in external turbine missiles, is
<1x10- per turbine year."
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ESBWR Precedents (2/5)

#1 continued - SER

® The Turbine Missile Probability Analysis will not be available until
as-built turbine material properties and final as-built rotor design
details are available and is therefore spec1f|ed as a COL
Information Item. 2

® In addition, DCD Tier 1 discusses external turbine missile
probability and requires it to be Iess than 1x10- per turbine year.
Based on proposed turbine mtor deS|gns that utilize integral
forgings, probabljlty of turbme missile generation is less than
1x10- for the: ESBWR This’ probablllty is to be confirmed by
calculation and/or ____ar___ialysls in the Turbine Missile Probability
Analysis in accordance with ITAAC. To clarify the scope of the
Turbine Missile Probability Analysis and meet the guidance of RG
1.206.

In response to RAIls, the applicant proposed to add new Section

10.2.3.8 that required the turbine missile probability analysis to
include the aspects described in COL Information Items.

el
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ESBWR Precedents (3/5)

#2 - RAl 10.2-22*

® The Staff noticed that the overspeed basis report and the inservice
test and inspection report are incorporated in Section 10.2.3.4
(page 10.2-11). However, it is not clear in Section 10.2.3.4 who
provides these reports and when. Also, the submission of turbine
material property data and warmup tlme is.not specified in Section
10.2.3. Therefore, GE needs to. elther reinstate all three COL Action
Items, or state in Subsectlon 10 2 3 4 that the COL Applicant will
submit the relevant documehts e

® Response: [The COL Actlon tems were relocated but remain as
COL actions.]

]
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ESBWR Precedents (4/5)

#2 continued - SER 10.2.3.2.1 Turbine Rotor Design

el

® The staff asked for additional information on turbine rotor design,
such as diagrams of the turbine rotor, number of stages, bucket
design, how buckets are attached to the rotor, and rotor
fabrication. The applicant proposed a new ‘Section 10.2.3.8,
Turbine Missile Probability Analy3|s that includes a requirement
to provide turbine rotor deslgn detalls as part of this analysis.

® In addition, ...the applicant mcluded an ITAAC to discuss the
design and structural mtegrlty of the turbine rotor.

® The applicant proposed to-add a COL information item to require
the COL appllcant tb[prowde a turbine missile probability analysis
meeting requirements specified in proposed Section 10.2.3.8.

DCD Rev. 6 deleted the ITAAC, replacing it with a COL information
item that states that the COL applicant will provide an evaluation
of the probability of the turbine missile generation using the
criteria in accordance with NRC requirements. The staff finds this
acceptable for addressing the turbine rotor design details.
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ESBWR Precedents (5/5)

#3 - Ser 10.2.3.2.3 Turbine Rotor Material Specification

el

® The staff asked why details pertaining to the turbine inservice test
and inspection program were deleted from the DCD. The applicant
responded that this information was relocated to an ITAAC that
required that the turbine and turbine valve inservice test and
inspection program include scope, flj___eque___n__cy, methods,
acceptance criteria, disposition of reportable indications,
corrective actions, and technlcal ba5|s for inspection frequency.

® [In DCD Revision 6, the appllcant deleted the ITAAC, replacing it
with a COL Informatlon Item? ‘Inservice test, inspection, and
operating procedures are to be in accordance with industry
practice and meet original equipment manufacturer (OEM)
requirements.

The staff finds this acceptable because the information provided in
DCD Tier 2, Section 10.2.3.8 and the COL Information Iltem will
ensure that the turbine test and inservice program will be
conducted and that the turbine will meet the OEM requirements for
turbine missile probability.
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New Approach (1/8)

APR1400 DCD Options

B

® In accordance with SRP, since KHNP is not a turbine vendor and
does not have detailed information available from a vendor:

Establish ITAAC to verify approprlate analyses and component
characteristic are sufficient YN

Establish COL items to ensure CQL mcludes sufficient
information OR I. SN\

Combination of abeve \

- ITAAC for |tems that must occur or be verified after COL issuance

- COL |tems for those items that the applicant can satisfactorily
address earIy as part of the COL review

25 APR1400-H-M-EC-14001-NP £ 5 ICHNP
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New Approach (2/8)

ITAAC 1

® 1a. Functional Arrangement (existing)
— The as-built T/G conforms with the functional arrangement as
described in the Design Descrlptlon of'Subsection 2.7.1.1.1 and
as shown on Figure 2.7.1.1-1 N

- Precedent: AP1000, ABWR APWR ESBWR

® 1b. Turbine Orientation: (new) N

— An analysis. exnsts that ccmflrms that any safety-related SSCs
and SSCs. Ilsted m Table 2.11.x-x that are located inside the low
trajectory turblne missile strike zone are failsafe or are
protected by physmal barriers.

— Precedent: ABWR, ESBWR

el
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New Approach (3/8)

ITAAC 2

® Valve Closure on Turbine Trip (existing)
— The as-built MSVs, CVs, ISVs, and IVs close when the
mechanical system initiates the T/G trlp upon reaching the
setpoint for overspeed protectlon N\

— The as-built MSVs, CVs, ISVS and IVe close when the electro-

hydraulic control (EHC) system |n|t|ates the T/G trip by an
actual or S|mulated EHC S|gnal

- Precedent APWR ABWR

]
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New Approach (4/8)

ITAAC 3

® Inspection & test (new)

— The turbine and turbine valve inservice test and inspection
program includes scope, frequency, methods, acceptance
criteria, disposition of reportable: lndlcatlons corrective actions,
and technical basis for |nspect|en frequency In-service test,
inspection and operatlng procedures are in accordance with
industry practlce and ensure assumptrons/rnput of Probability
Analysis @ of Turbrne I\/Irssrles Report are valid.

~ Precedent:" ESBWR

—
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New Approach (5/8)

ITAAC 4

® Turbine missile probabilistic analysis (new)

— Probability Analysis of Turbine Missiles Report(s) exist and
conclude that the probability of turbine failure resulting in the
ejection of turbine rotor (or mternal structure) fragments through
the turbine casing is less. than 1x10 5 per year.

— Precedent: ESBWR (chose I|m|t of 1x10- per year)

—
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New Approach (6/8)

ITAAC 5

® As-built compliance (new)

— The as-built turbine material properties, turbine rotor and blade
designs, pre-service inspection and testing results, and in-
service inspection and testing reqwrements meet the
requirements of the Probablllty AnaIySIs of Turbine Missiles

— Precedent:; APWR ESBWR

—
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New Approach (7/8)

COL Item 7

® COL shall identify how the functional requirements of DCD 3.5.1.3
and 10.2 are met:

— Independence, Redundancy, and DlverS|ty of Overspeed
Protection Systems (new) 7\
- Schematic of turbine control and protectlon system concept
® Discussion of how redundanCy, mdependence and diversity are
provided by the overspeed protectlon systems
® Use of both mechanlcal and EHC overspeed trips

Submit for NRC.._____a_p.p_rovaI, within three years of obtaining COL, a
turbine system maintenance program including probability
calculations of turbine missile generation based on vendor’s
methodology

Meet limit for probability of turbine missile generation
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New Approach (8/8)

Changes for APR1400 DCD

® Add three and a half new ITAAC
— Turbine orientation favorable

— Turbine missile probability analysis eX|sts

— Turbine inspection and test programs fquIIIs turbine missile probabili
ty analysis - N

— As-built turbine propertles comply W|th analysis

E———

® Add discussion descnbmg mformatlon to be included in
Probability AnaIyS|s of Turbine Missiles

Discuss functlonal réquwements for protection against overspeed
Remove details specmc to any particular turbine design
Add as COL Items requirements for:

— Upper limit of turbine missile probability

— Overspeed protection systems

— Turbine maintenance program
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Resolution of NRC Comments

]

® Detailed functional requirements for redundancy and
independence will be included. Diversity addressed by
combination of mechanical and electrical overspeed protection.
Provision of figures, inspection, and. testlng information is |
addressed as COL items and ITAACs smce these depend on :
specific turbine design.

® Added discussion and- ITAAC WI|| address requirements on missile
probability. Rotor mspectlons, valve testing, and substantiation of

material propertles wiII be addressed as an ITAAC.
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Summary of Planned Approach

E———

® KHNP does not have access to data to perform a probability
analysis for turbine missiles

® An analysis done now is unlikely to hayg..:future applicability

® The nuclear steam turbine vendors have ability to design and
manufacture systems and perform probablllstlc failure analysis
meeting criteria PR

® Once COL applicant chopses turbm-e vendor, then can determine

the turbine design and provnde relevant probability analysis for

turbine mlssnes )\

Acceptability can be assured with added ITAAC for key turbine

characteristics and analyses

KHNP will provide additional detail on functional requirements for
overspeed protection system

Planned approach consistent with recent DCDs accepted by the
NRC
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