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ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
MINUTES OF THE APR1400 SUBCOMMITTEE MEETING ON
MARCH 21-22, 2017, ROCKVILLE, MD
The ACRS APR1400 Subcommittee held a meeting on March 21-22, 2017 in T2B1, 11545
Rockville Pike, Rockville, Maryland. The meeting convened at 1:00 p.m. on March 21 and
adjourned at 5:08 p.m. on March 22, 2017.
ATTENDEES
ACRS Members/Staff:
J. Stetkar, Member
M. Sunseri, Chairman
R. Ballinger, Member
W. Kirchner, Member
J. Rempe, Member
M. Corradini, Member
G. Skillman, Member
J. March-Lueba, Member (3/22/17)
D. Powers, Member
C. Brown, Member (3/22/17)
Andrea Veil, Executive Director
D. Widmayer, ACRS Staff (DFO-3/21/17)
C. Brown, ACRS Staff (DFO-3/22/17)
NRC Staff, Consultants & Other Attendees:
J. CIOCCO, NRO
JOE ASHCRAFT, NRO
DAN BARSS, NSIR
NAN CHIEN, NRO
ANNE-MARIE GRADY, NRO
RAJ GOEL, NRO
ALFRED HATHAWAY, RES
MICHELLE HART, NRO
DIANE JACKSON, NRO
ALEX KLEIN, NRR
SHANLAI LU, NRO
GREGORY MAKAR, NRO
SHEILA RAY, NRR
MICHAEL MCCOPPIN, NRO
JASON SCHAPEROW, NRO
ED STUTZCAGE, NRO
JESSICA UMANA, NRO
THEODORE TJADER, NRR
WILLIAM WARD, NSIR
STEVE MANNON, AECOM
BOYCE TRAVIS, NRO

SURINDER ARORA, NRO
CLINT ASHLEY, NRO
JOHN BUDZYNSKI, NRO
JOSEPH DEMARSHALL, NRO
JAMES GILMER, NRO
SYED HAIDER, NRO
CRAIG HARBUCK, NRR
REBECCA KAY, NRO
SAMUEL LEE, NRO
TIM LUPOLD, NRO
MICHAEL MCCOPPIN, NRO
KEN MOTT, NRO
MARIE A. POHIDA, NRO
CAYETANO SANTOS, NRO
SWAGATA SOM, NRR
JIM STRNISHA, NRO
MATT THOMAS, NRO
HANRY WAGAGE, NRO
DAN WIDREVITZ, NRO
JAMES ROSS, AECOM
ERIC PAUL, ERI
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KHNP and Other Attendees:
TONY AHN, KHNP
JEONG GEUN HA, KHNP
SUNG JI HYUN, KHNP
JIYONG OH, KHNP
INYOUNG IM, KHNP & KEPCO
SANGWON LEE, KHNP & KEPCO
TAE HAN KIM, KEPCO E&C
DEOGJA KANG, KEPCO E&C
JAI HWA YOON, KEPCO E&C
DONGSU LEE, KEPCO E&C
SEONCHANG MUN, KEPCO E&C
JEONG HYEONG LEE, KEPCO E&C
SEOK JEONG PARK, KEPCO E&C
JONG TAE SEO, KEPCO E&C
JILL MONAHAN,, Westinghouse

HYOUNG DOO CHOI, KHNP
JUN HEO, KHNP
JUNGHO KIM, KHNP
DAVE WAGNER, KHNP
JAIHO LEE, KHNP & KEPCO
CHANG JAE LEE, KEPCO
DAE HEON LIM, KEPCO E&C
HYEOK JEONG, KEPCO E&C
SEKHWAN HUR, KEPCO E&C
HUNGU OH, KEPCO E&C
DOOHWAN OH, KEPCO E&C
JIHWANG, PARK, KEPCO E&C
JEONG HWAN SEO, KEPCO E&C
SUNGHYUN TAK, KEPCO E&C
ROB SISK, Westinghouse

SUMMARY
The purpose of the meeting was for the ACRS members to receive briefings on the Korea
Electric Power Corporation (KEPCO) and Korea Hydro and Nuclear Power Company (KHNP)
design certification application (DCA) and NRC staff review specific to Chapter 6, Engineered
Safety Features, Chapter 13, Conduct of Operations, and Chapter 16, Technical
Specifications. The meeting transcripts are attached, and contain a description of matters
discussed during the meeting. The presentation slides and handouts used during the meeting
are attached to these transcripts.
The following list describes significant issues discussed during the meeting with the
corresponding pages of the transcript referenced. Unless specifically noted, the chapter and
section references belong to the Design Certification Document (DCD) Tier 2 submittal or the
NRC staff safety evaluation report (SER).
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SIGNIFICANT ISSUES
Reference
Pages in
Transcript

Issue
March 21, 2017
Chairman Sunseri convened the meeting by introducing the ACRS
members present. He noted the purpose of the meeting was to review the
APR1400 Design Certification Application and the staff SER with open
items specific to DCD Chapter 6, Engineered Safety Features, Chapter 13,
Conduct of Operations, and Chapter 16, Technical Specifications. He
discussed time allocation for the chapters and noted that he wanted to
maximize time in Chapter 6, and adjust the agenda as needed.

6-10

Chapter 13, Conduct of Operations
Mr. Jeff Ciocco, Lead Project Manager (PM) for the APR-1400 DCA
review, and Mr. Mike McCoppin, the Licensing Branch II Chief in the Office
of New Reactors, thanked the Committee for being flexible.

10-11

Mr. Rob Sisk, Westinghouse, representing the APR-1400 DCA team
introduced Mr. Jai Ho Lee to present Chapter 13, Conduct of Operation.
Mr. Lee started his presentation by noting that Section 13.6, Physical
Security Design Features, would not be presented. He then presented an
overview of the other sections, mentioned the COL items, and summarized
the contents. The COL applicant is to develop the details of the program
elements. He noted there was no topical or technical reports involved within
the scope of ACRS review (i.e., Sections 13.1-13.5 and 13.7). ACRS
members did not have any questions.

11-15
Slides 1-14

Mr. Bill Ward, the PM for Chapter 13, introduced the NRC presenters. He
noted Sections 13.6 and 13.7 related to Physical Security and Fitness-ForDuty respectively, would not be presented being outside the scope of ACRS
review. He presented a brief summary of Section 13.1, Organizational
Structure, and the COL items involved.

15-17
Slides 2-4

Mr. Surinder Arora, Human Performance Operator Licensing & ITAAC
Branch, NRO, presented staff review of Section 13.2, Training. Confirming
that the scope of staff review was to verify if the COL information items
clearly and adequately convey the requirements to the COL applicant. He
mentioned the issuance of an RAI and its closure.

18-20
Slide 5

Mr. Edward Robinson, Reactor Licensing Branch, NSIR, presented staff
review of Section 13.3, Emergency Planning. Staff reviewed the TSC size
and location, and a 2 minutes walking distance between the control room

20-29
Slide 6
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and the TSC was discussed. Mr. Robinson discussed various emergency
planning and reviewer interface areas. He then presented the COL
information items. Chairman Sunseri asked if KHNP wanted to comment on
the accessibility of the TSC from the control room. Mr. Andy Oh, KHNP,
observed that it would take a very short time (~about 10 seconds) to move
from one area to the other. A discussion followed.
Mr. Ward summarized NRC review of Section 13.4, Operational Programs,
by noting that it was limited to review of the COL items only.

29-30
Slide 8

Mr. Joe DeMarshall, Human Performance, Operator Licensing, & ITAAC
Branch, NRO, presented staff review of Section 13.5, Plant Procedures. He
presented the scope and findings of his review. He noted the COL
information items pertaining to procedure descriptions and procedure
program development/implementation are identified. His review included
the review of the emergency operating guidelines (EOGs) for technical
adequacy and acceptability for use as a basis for developing plant-specific
technical guidelines, from which EOPs are developed by the COL applicant.

30-32
Slides 9-10

Mr. DeMarshall presented his findings. The staff found two out of seven
COL information items in Section 13.5 to be acceptable. The remaining five
were resolved thru the RAI process. Regarding the EOGs, he referred to
Chapter 15 transient analyses results that had been found to be acceptable
for use in the development of APR1400 EOGs. Member Skillman wanted to
know where the anticipated transient without scram (ATWS) is addressed in
the list of operational transient and accidents that were used for the EOGs.
Mr. Jong Tae Seo, KEPCO E&C, confirmed that for APR1400, ATWS is
covered by the functional recovery guidelines procedures of the EOGs.
Upon Member Rempe’s question, Mr. DeMarshall noted that this format is
necessitated as APR1400 follows the Combustion Engineering (CE)
standard format.

32-38
Slide 11

Later, during the Chapter 16 presentation, Mr. DeMarshall addressed the
question on ATWS in the procedure interface. He noted reactivity control
was the primary safety function for ATWS that gets checked by the standard
post-trip actions. Not meeting this safety function would initiate diagnostic
actions. He went down the flow chart and described the success paths. A
Phase 5 revision to the staff SER was discussed.
Chapter 16, Technical Specifications (TS)

104-110

Mr. Sang Won Lee, KHNP, outlined his presentation scope to be an
overview of APR-1400 TS, main deviations from the standard TS, and some
technical issues. He noted APR-1400 TS were developed following
NUREG-1432 Rev. 4, standard TS for a CE plant, with considerations for
design differences. KHNP did not apply the risk-informed TS. He
presented a brief overview of each section under Chapter 16.

39-42
Slides 2-7
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Mr. Lee describe five main deviation from the CE standard TS. These
include: 1) use of pilot operated safety relief valves in APR1400 vs.
pressurizer safety and power operated relief valves in CE; 2) four safety
injection (SI) trains supported by four EDGs and no low pressure SI in
APR1400 vs. two trains of high-pressure and two trains of low-pressure SI
supported by two EDGs in CE design. Explicit meaning of “2 diagonal
safety injection trains should be OPERABLE” raised a long discussion. It
was noted that the clarity of TS words should be improved.

42-50
Slides 8-11

Mr. Lee continued on describing the remaining main deviations from the CE
standard TS:

51-54
Slides 12-16

3) the in-containment refueling water storage tank (IRWST) supporting
Modes 1-5 and certain Mode 6 condition in APR1400 vs. outside
containment refueling water tank (RWT) in CE supporting Modes 1-4 only;
4) a four train auxiliary feed water system (AFWS) with two motor driven
pumps and two turbine driven pumps in APR1400 vs. three train AFWS with
two motor driven pumps and one turbine driven pump in CE;
5) four EDGs in APR1400 vs. two EDGs in CE for two divisions.
Mr. Lee presented technical issues raised by NRC review. The design has
no provision for the AFW train for one steam generator to supply to the
other steam generator. Members took exception to calling the AFWS a four
train system. The issue is under staff review.

54-57
Slides 17

Boron Mixing issue - Complete RCS mixing assumption when RCP is idle in
Chapter 15 analysis is not accepted by the staff. KHNP used the CFX code
to determine the degree of lower plenum mixing, and is adding a new LCO
to close the unborated water source isolation valve. The staff is reviewing.

57-58
Slide 18

Mr. Lee noted the third technical issue had to do with the TS not specifying
the surveillance requirement for atom percent of B-10 in SI tank and IRWST
when boron recycling is used. The staff is reviewing KHNP response that
operating experience and the calculation show that reduction of B-10 atom
percent is not significant for 15 years.

58
Slide 19

The fourth issue had to do with extending the applicability of auxiliary
feedwater actuation system and containment isolation actuation system
functions to Mode 4, hot shutdown. KHNP is developing a response.

58-61
Slide 20

Mr. Lee summarized his presentation, and upon member Stetkar’s question
Ms. Jill Monahan noted that the applicability of LCO-3.0.9 used riskinformed approach (see next item).

61-62
Slide 21

Ms. Umana, the NRO Chapter PM, started the staff presentation on Chapter
16 by introducing the technical presenters. Mr. Bob Tjader, TS Branch,
NRR, started his presentation with an outline of technical topics and status
of review. He summarized four RAIs involved (16-42 thru 16-45). He noted

63-76
Slides 2-5
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that in only two cases KHNP adopted risk-informed TS: LCO 3.0.8, riskinformed action requirements for snubbers; and 3.0.9 risk-informed action
requirements for barriers. A discussion on selective application of riskinformed initiatives took place, which followed into quality of PRA used.
Details on how the PRA was used for these TS will be followed up by the
staff (see item on risk-informed TS below).
Mr. Tjader provided an overview of RAIs and open items, sometimes with a
very short description of what was involved, while Mr. Craig Harbuck, TS
Branch, NRR, attempted to provide some details. Member Corradini asked
if there were any technical issues. Chairman Sunseri wanted to know if
there would be ITAACs related to the critical dimensions/elevations for
RCS. A question on setpoint methodology deviations was taken for later
discussion.

76-84
Slides 6-13

Mr. Harbuck started his presentation with shutdown risk mitigation and
operability requirements primarily based on RCS level. He mentioned an
un-docketed KHNP shutdown evaluation report from which risk insights had
been incorporated into the TS requirements. Discussions on reactor vessel
level (e.g., mid-loop condition), and immediate action requirements took
place. Mr. Harbuck noted that APR1400 had proposed a comprehensive
set of shutdown requirements, a first for a conventional PWR.
Consideration of an additional 3 ft above the top of the RV flange as the
preferred level for mitigative action is still under review. He completed his
presentation on shutdown risk by going into a discussion on implications of
the RCS loops filled versus loops not filled, and availability of the steam
generators (open item).

85-103
Slides 14-18

Member Stetkar’s question on risk-informed TS: How is the staff reviewing
the PRA quality for risk-informed TS applications (fire and flooding barrier
integrity, requirements for pipe snubbers)? The staff will respond to the
question during chapter 19 presentation.

111-118

Inadvertent Reactor Coolant Boron Dilution: Mr. Harbuck presented the
open items. Member Skillman voiced the possibility of unrecognized deboration scenario, and asked how that would be addressed. The boron
dilution alarm was mentioned, and a long discussion ended with the status
of the related open item that involved inadequate time for operator response
when the RCS is not well-mixed.

118-126
Slide 19

Reactor Trip System and ESF Actuation System Surveillance
Requirements: Mr. Harbuck noted that the item was under staff review.
Staff is reviewing the correlation of instrumentation surveillance and testing
with related I&C technical reports (Open Item). Regarding ESF actuation
system logic test, staff is reviewing the KHNP’s designation of subgroups for
ESF components and trains (Open Items).

127-130
Slides 20-21
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Control Element Assembly Calculator (CEAC) and Core Protection
Calculator (CPC): The four channel CPC involves two control element
assemblies (CEAs) per channel. The open item flags the needed
clarification to the TS required action, i.e., use of manual action of verifying
certain parameters vs. declaring the CPC channel inoperable and placing
the channel in trip/ bypass mode when one or more CEAC is inoperable.
AFW System: There is no cross-connect between the two trains of AFW
system. Each train contains one turbine-driven and one motor-driven pump
taking suction from an AFW storage tank, and feeds to one steam generator
(SG) only. The operability of the steam driven pump is tied to the operability
of the SG. Mr. Harbuck discussed the SER open items. Mr. Jeong Hwan
Seo, KEPCO E&C, clarified additional feed capability from the condensate
storage tank. A discussion took place on TS outage time.

130-133
Slide 22

133-145
Slide 23-24

Control Room HVAC System: Mr. Harbuck presented the drawing of the
system from KHNP presentation on Chapter 6 (see attached transcript for
March 22), and described how it works. He noted the unresolved staff
question regarding the need for an LCO explicitly requiring the interlock for
auto-actuation of the other train upon failure of the operating train.

145-149
Slide 25

Accident Monitoring Instrumentation: Mr. Harbuck noted the designation of
Type A, B and C variables. He noted the list of these instruments was
under review by the NRC Reactor Systems Branch and was an open item.

149-151
Slide 26

Setpoint Methodology for Limiting Safety System Settings: Mr. Harbuck
noted an ongoing audit of the setpoint methodologies, and asked Mr. Joe
Ashcraft, NRO, to present the status. Mr. Ashcraft noted that issues raised
by the staff were getting resolved and commented on the key issues
presented in Slide#27.

151-154
Slide 27

General Issues: Mr. Harbuck noted the COL action items list was not
complete. The disposition of TS Task Force traveler changes was an open
item, and then he mentioned the administrative items. Another open item
deals with LCO selection criteria, where systematic evaluation of design and
safety analyses to select the criteria was not complete. He discussed
issues with the core protection calculator, charging flow instrumentation,
and the deviation report.

155-162
Slides 28-29

Mr. Tjader summarized the presentation.

163, Slide 30

Upon member Kirchner’s question a discussion on allowed outage times
(AOT) vs. repair time ensued in reference to the AFW system TS and
apparent inconsistencies in AOTs.

163-169

Member Rempe’s question, a discussion on “risk-informed” TS took place.

169-172

Chairman Sunseri asked for comments from the public and members.

172-174
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174

The meeting was adjourned at 5:07 p.m.
March 22, 2017 – Chapter 6
Chairman Sunseri convened the second day of the meeting by noting the
scope of the meeting and introducing the ACRS members present.
Sung Hyun Tak, KEPCO E&C, started the applicant’s presentation on
Chapter 6, Engineered Safety Features (ESF), with an overview. Then he
presented Section 6.1, ESF Materials. He noted that in-containment use of
aluminum and zinc is minimized to minimize hydrogen generation during
accidents from containment spray initiation. Member Powers asked for
clarification, and a discussion followed regarding the amount and basis, and
KHNP took the question for later follow up.
Mr. Tak presented protective coatings and organic materials. Member
Corradini asked about an RAI response related to IRWST liner/coating
material. It was taken for later follow-up. Regarding organic materials,
member Powers asked about corrosion from hydrochloric acid originating
from chemical reaction with the cable jacketing material.
Mr. Seongchang Mun, KEPCO E&C, presented Section 6.2.1, Containment
Functional Design. He presented the containment mass and energy (M/E)
release analyses for different LOCA phases, and the computer code used.
Member Corradini was referred to Chapter 15 for a break spectrum analysis
that would determine worst LOCA for peak clad temperature. Upon
member Rempe’s question on thermal conductivity degradation, Mr. S. J.
Park, KEPCO E&C, noted a sensitivity analysis was done with a 400
degrees F increase, and the impact was small.

7-8
8-15
Slides 3-6

15-18
Slide 7

18-37
Slides 8-12

Upon member Corradini’s question, Mr. Inyoung Im, KEPCO E&C, noted
that plots for time at pressure and temperature are generated from
pressure/temperature (P/T) analysis of LOCA and main steam line break
(MSLB) and applied to equipment qualification. Mr. Mun discussed how
GOTIC code and most conservative Tagami-Uchida model are used to
create the bounding condition.
Member Rempe asked about nodalization schemes used for the GOTHIC,
CONTEMPT, and MAAP analyses, and comparison of results, which are
important for accident analyses, hydrogen concentrations and stratification.
Mr. Mun presented the M/E analysis for MSLB, and why main feedwater line
break is bounded by the MSLB.
Mr. Mun presented the containment P/T analyses, use of GOTHIC code and
discussed the analysis results. He presented containment subcompartment analyses, code used and the resulting peak pressures. He
then presented the minimum containment pressure analysis done for
verification of Emergency Core Cooling System (ECCS) performance.
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37-39
Slides 13-15

Mr. Jai Hwa Yoon presented Section 6.2.2, Containment Heat Removal
System. He started with containment spray system functions, system
configuration, and system diagram. Members’ question on spray coverage,
droplet size distribution, chemistry, and testing done to demonstrate
effectiveness in removing the fission products was taken for later follow up.

39-43
Slides 16-17

Section 6.2.4, Containment Isolation System: Mr. Yoon presented
examples of configurations employed that meet the GDCs. Member
Stetkar’s questions on the low-volume purge expected operating time during
normal operation and the size of the low-volume purge lines were taken for
later follow up.

43-47
Slide 18

Section 6.2.5, Combustible Gas Control in Containment: Mr. Yoon
presented the system function and configuration. Passive autocatalytic
recombiners (PARs), and igniters are initiated based on the containment
and IRWST hydrogen concentration. Member Powers wanted to know how
accumulation of poisons and coatings on the catalyst surfaces was to be
prevented. Upon member Kirchner’s question, Mr. Oh, KHNP, noted that
location of the PAR units was based on severe accident hydrogen
concentration in compartments determined using the MAAP code. Upon
member Rempe’s question the reason for not having igniters in the upper
containment area, and related hydrogen stratification/mixing were
discussed. A technical report associated with severe accidents that goes
through the detail evaluation would be presented at the schedule
subcommittee meeting on Chapter 19.

47-57
Slide 19

Section 6.2.6, Containment Leakage Testing: Mr. Yoon noted the program
implements the performance-based leakage testing requirements of 10 CFR
50, Appendix J, Option B. He then presented Section 6.2.7, Fracture
Prevention of Containment Pressure Vessel.

57-59
Slides 20-21

Section 6.3, Safety Injection (SI) System: Mr. Im discussed the major
function of the system in emergency core cooling, and also the feed-andbleed operation. Discussions involved controlling hydrogen buildup in the
IRWST under sever accident conditions, alignment of SI pump to hot leg,
and functions of the holdup volume tank (HVT).

59-68
Slides 22-31

Section 6.4, Habitability Systems: Mr. Jihwang Park, KEPCO E&C,
presented the control room HVAC system, LOCA dose analysis, shielding
design and toxic gas protection. He also addressed system testing and
instrumentation requirements. Upon member Stetkar's question KHNP
responded that they did not perform a heat-up calculation upon loss of main
control room (MCR) cooling. Questions followed regarding the maximum
temperature in the MCR, equipment qualification, habitability, and relocation
of technical support center functions (under the same environmental
conditions) upon activation of remote shutdown. KHNP will respond later.

68-75 Slides
32-39
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Section 6.5, Fission Product Removal and Control Systems: Mr. Park
presented the ESF filter, containment spray, and fission product control
systems. Upon member Powers’ question a discussion on acidification
sources for calculation of containment spray water pH followed. Mr. Park
mentioned the models used in the airborne fission product removal
calculation for LOCA consequence analysis. Then he provided a very short
presentation on the fission product control system.

75-80
Slides 40-43

Section 6.6, In-Service Inspection of Class 2 and 3 Components: Mr. Park
provided a very brief presentation.

80-81
Slides 44-46

Section 6.8, In-containment Water Storage System: Mr. Mun presented the
system that consists of the IRWST, HVT, and the cavity flooding system
(CFS). Upon member Corradini’s question a discussion on the IRWST
swing panels ensued. The panels control evaporation from the IRWST. A
discussion on debris and physical location of screens followed.

81-94
Slides 47-50

Mr. Mun presented the level, temperature and pressure instrumentation in
the IRWST, HVT and the reactor cavity. Member Rempe wanted to know if
in-containment instrumentation for sever accident monitoring are qualified to
the hydrogen ignition pressure spike. This was taken for later follow up.
Pump NPSH: Mr. Mun presented the NPSH available to the SI and
containment spray pumps, and available margin from the required number.
KHNP evaluation takes credit for the containment accident pressure (CAP)
to be equal to the IRWST liquid vapor pressure. Member Stetkar asked if
the same credit could be applied if the containment was vented to the
atmosphere. Availability of margin to the pump NPSH was a concern. (see
Long-term cooling (GSI-191) staff presentation later).

94-108
Slides 51-52

Member Stetkar cited several DCD references that are inconsistent
regarding the required NPSH for these pumps. A discussion followed and it
was noted that certain numbers were revised based on RAI response.
Hydrodynamic Loads and Pool Temperature: The hydrodynamic load
analysis is to calculate the maximum pressure load from the air bubbles to
the IRWST structure, and follows the NRC approved method.

108-109
Slide 53

After mentioning the in-service inspection and testing per ASME Section III,
Mr. Mun completed his presentation with a summary.

109
Slides 54-55

Mr. Matt Thomas, NRO, discussed staff review of Section 6.3, ECCS and SI
System design basis, functionality, system protection and environmental
qualification, testing, ITAAC, and TS requirements. He presented the
findings. He addressed an earlier member’s question regarding U.S. plants
that use hot leg injection for long-term core cooling. He noted one CE plant
in addition to Westinghouse plants that has hot leg injection capability.
Upon member’s question Mr. Tae Han Kim, KEPCO, provided additional

111-132
Slides 2-13
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information on protection against gas accumulation. He addressed
member’s question on boron recycling and depletion, operating experience
in U.S. and stated the subject was under staff review.
The operability requirement of the IRWST swing gate dampers was followed
up by Mr. Boyce Travis, and Ms. Anne-Marie Grady, NRO. A question
remained if IRWST swing panels need TS operability requirements.
Mr. Nan Chien and Ms. Michelle Hart presented staff review of Section 6.4,
Control Room Habitability System. The staff is reviewing an issue related to
the periodic reopening of both air intakes at the same time, however, it is
believed that the design basis accident dose analysis has enough margin.

132-135
Slides 14-16

Section 6.5.1, ESF filtration systems: Ms. Hart provided a very brief
presentation of staff review noting the three subsystems involved.

135
Slide 17

Section 6.5.2 Containment Spray System: Ms. Hart noted this was the
review of the containment spray system’s function as a fission product
removal system. Member Powers asked if staff had audited the KHNP
calculation on acidification and pH, no satisfactory answer came by.

136-138
Slide 18

Section 6.5.3, Fission Product Control System: Ms. Hart noted the primary
containment had been credited to be the main fission product removal
structure with Powers’ natural deposition model being used. Containment
building ventilation system was not credited for fission product removal.

139-140
Slide 19

Mr. Greg Makar presented staff review of Section 6.1.2, Organic Materials
(in containment). The evaluation of coatings as a debris source is
addressed in Section 6.8.

140-142
Slide 21

Section 6.2.1.2, Sub-compartment Analyses: Mr. Travis noted six subcompartments in containment that contain piping not subject to leak before
break considerations. Staff performed audit and a confirmatory analysis of
a sample sub-compartment, the pressurizer spray valve room. Mr. Travis
responded to questions from member Corradini regarding details of the
analysis and available margin from design pressure. Mr. Travis responded
to member Rempe’s question on nodalization, and a discussion on the one
node model and a multi-node model followed.

142-149
Slide 22

Section 6.2.1.5, Minimum Calculated Containment Pressure: Mr. Travis
discussed the staff found errors in the Rev. 0 DCD, how corrected, results
of both the applicant’s analysis and staff’s confirmatory analysis, and how
the minimum and maximum containment volume numbers were used.

149-152
Slides 23-24

Section 6.2.2, Containment Heat Removal Systems: Mr. Travis discussed
the staff review of containment spray system, including the system
configuration. He addressed droplet size distribution, and noted the efficacy
of the spray system at reducing containment pressure is discussed in
Section 6.2.1.1.A.
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152-154
Slide 25

Mr. Travis discussed the staff review of in-containment water storage
system consisting of the IRWST, HVT, and holdup volumes. The staff audit
reviewed the applicant’s holdup analysis. Upon members’ questions
regarding water level in the tanks, discussion on possibility of trash rack
blockage, vapor locking, and ECCS pump cavitation, minimum and
maximum IRWST water levels, and debris propagation through the
connection between the HVT and IRWST followed.

154-165
Slide 26

Long-term cooling (GSI-191): Mr. Travis noted the limiting break was the
break that generated most coating and RMI debris, given the assumption of
only latent fiber. He discussed analysis assumptions, e.g., zone of
influence, debris characteristics, strainer area sacrificed, amount of latest
fiber, transport of debris, upstream effects, strainer head loss (limited by
latent fiber), and resulting NPSH. Upon member Corradini’s request Mr.
Travis elaborated on how chemical effects impact contribution of latent fiber
to strainer blockage. A discussion on staff review of strainer blockage
assumptions followed.

166-181
Slides 27-29

Mr. Travis responded to Member Stetkar’s earlier question regarding NPSH
margin when the containment is at atmospheric pressure and the IRWST is
at 212 degrees F. A discussion on more realistic calculations followed.
181-186, 191,
Mr. Travis attempted to answer a previous question member Stetkar had
195-202,
210-211
regarding DCD 6.2.2.2 claim that the containment spray pumps (CSPs) and
Backup Slide 2
the shutdown cooling pumps (SCPs) are functionally interchangeable, given
that system diagrams (Figure 6.3.2-1 and Figure 6.2.2-1) do not show a
manual valve at the suction of the pumps to facilitate such realignment or
isolation of the pump for maintenance purposes. Mr. Travis presented the
SCS drawing (backup Slide 2), and a discussion on automatic start of the
SCP to serve as a CSP vs. manual alignment followed. The question was
put to bed with the following understanding: If the CSP requires removal for
maintenance, the SCP cannot be used to replace it, making that containment
spray division inoperable, and plant would enter the 72-hour LCO.
Member Powers questioned if the KHNP method regarding the massweighted size distribution for containment spray droplets was conservative.
The staff will provide the ADAMS accession number of the related RAI
response and follow up. A discussion followed.

187-191

Mr. Travis presented staff review of strainer structural integrity and
downstream effects related to GSI-191.

192-195
Slides 30-31

Mr. Makar presented staff review of post-LOCA chemical effects regarding
post LOCA debris. He presented staff review methodology that follows
Regulatory Guide 1.82. Based on member Powers’ question a discussion
on use of tri-sodium phosphate followed. Staff review of precipitates,
confirmatory calculations and open items were discussed.

202-210
Slides 32-33
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Ms. Anne-Marie Grady, NRO, presented staff review of combustible gas
control in containment. She presented the scope of review, criteria used,
calculations reviewed. Member Rempe wanted to have access to the
hydrogen combustion calculation. The staff had NRC contractor ERI do a
confirmatory calculation for the burning of the hydrogen in the containment.
Member Rempe wanted to know why finer nodalization was not used. A
discussion on node volumes, need for sensitivity study, hydrogen mixing
and stratification followed.

211-237
Slides 55-62

Ms. Grady presented staff review (with confirmatory calculations) of five
severe accident sequences important to hydrogen accumulation and
distribution that KHNP modeled, noting below 10 percent hydrogen
concentration in containment, both locally and globally, when all of the
required severe accident mitigating systems are credited. A question of the
most stagnant conditions was raised by member Corradini. Ms. Grady
noted analysis of various combinations of mitigating systems, except for a
couple of cases, showed less than 10 percent result. She then discussed
the limited cases where hydrogen could exceed 10 percent, and how
deflagration to detonation transitions (DDT) were addressed. A discussion
on DDT at lower concentration followed. Staff confirmatory calculations
agree with KHNP’s results for DDT potential in the IRWST and in the
reactor cavity. Crediting the three-way valve in the POSRVs discharge was
required to avoid that condition in the IRWST.
Staff review of equipment survivability: Ms. Grady discussed how the staff
calculated temperature profiles and bounding pressures compare with that
of the applicant’s. She then discussed the containment hydrogen
monitoring system, and evaluation of containment structural integrity.

238-242
Slides 63-66

Mr. Dan Widrevitz, NRO, presented review of Section 6.1.1, Engineered
Safety Features Metallic Materials. The primary scope of the review was to
check if the appropriate ASME Code requirements and regulatory guidance
on welding and sensitization of material were used. He presented two
issues not acceptable to the staff, and the path forward to resolution.

243-244
Slide 51

Mr. Widrevitz presented staff review of Section 6.2.7, Fracture Prevention of
Containment Pressure Boundary, which confirmed that the appropriate
Code requirements were applied. He then presented review of Section 6.6,
Inservice Inspection and Testing of Class 2 and 3 Components.

244-246
Slide 52-54

246-257, 260-261
Mr. Syed Haider, NRO, started his presentation with the scope of his
Slides 35-36, 38
review. Section 6.2.1.1, Containment Structure, deals with analyses of
peak P/T resulting from the postulated LOCAs and the secondary system
pipe ruptures. He discussed how the higher peak P/T and lower peak
pressure margin obtained by the staff’s confirmatory calculations using
MELCOR computer code were resolved. Also, the staff identified three nonconservatisms in the GOTHIC model, which the applicant has agreed to
13

address and plans to submit additional information. This review resulted in
two SER open items (#1 and 3).
The second SER open item Mr. Haider addressed involved the calculated
post LOCA containment pressure reduction criteria in GDC 38. Pressure
values in psia and psig at 24 hours needed clarification, which the applicant
provided. However, the staff needed to verify that the containment peak
pressure and peak pressure margin at 24 hours in the approved licensing
basis calculation results account for the three non-conservatisms mentioned
earlier.
The 4th SER open item is related to how the initial conditions were chosen
to yield a conservatively high peak containment atmosphere P/T, and
justification for not using any instrument uncertainty.

257-259
Slide 37

261-266
Slides 39-40

The 5th open item involved the conservatism of the selected containment
backpressure value for input to the FLOOD3 code. Member Kirchner
wanted to know about the uncertainty involved.
The 6th open item involved the SRP guidance related to GDC 50 that
containment design-basis calculations be performed for a spectrum of
postulated break sizes, break locations, and single failures for determining
the most severe design-basis LOCA. The staff found gaps in the types of
breaks assumed.

266-272
Slides 41-42

The 7th open item asked the applicant to clarify how the spillage was
modeled in the containment M/E release, and staff needed to determine
whether the computer codes CEFLASH-4A and FLOOD3 were validated for
direct vessel injection. This item was resolved after KHNP provided the
revised M/E release transient spillage data, and clarified the application of
the computer codes.

272-275
Slides 43-44

The 8th open item involved lack of various information regarding the longterm cooling (or post-reflood) model, methods used to calculate the core
inlet and exit flow rates and removal of the sensible heat from primary
system, liquid entrainment correlations for fluid leaving the core and
entering the SGs, steam quenching by ECCS water or removal of stored
energy in the primary and secondary systems during the post-reflood
phase, comparison with the applicable experimental data, and if use of the
GOTHIC code for the decay heat phase was appropriate. Mr. Haider
described how this open item was resolve.

275-278
Slides 45-46

The open item 9 involved staff request for additional information on the
initial bounding condition for the single failure MSLB analysis, and if the
current limiting MSLB analysis is bounding. Mr. Haider described how this
open item was resolve.

278-282
Slides 47-48

The 10th open item involved the SGN-III computer code that is used for the

282-283
Slide 49
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secondary system pipe break M/E release analysis. The open item was
resolved when the applicant provided validation information and that the
code was approved by NRC for analyzing the MSLB accident for the CE
type nuclear power plants.
Mr. Raj Goel, NRO, presented staff review of Section 6.2.4, Containment
Isolation System, and Section 6.2.6, Containment Leakage Testing. Upon
member Kirchner’s question a discussion on GDC 54 requirement regarding
distance of isolation valves from the containment followed.

284-290
Slides 68-70

290

Chairman Sunseri asked for comments from the public, none came.

291-293

Chairman Sunseri asked for comments from the members. Member Rempe
noted the dependency of Chapter 6 issues to information in other chapters
like 15 and 19. Member Powers noted that he appreciated the staff doing
independent confirmatory calculations with their own code. The meeting
was adjourned at 5:08 p.m.

Following follow-up issues resulted from questions and issues the members raised for which a
response was not available at the meeting:
MEMBER REQUESTS AND QUESTIONS
Reference Pages in
Transcript

Items
March 21, 2017
The staff to provide a write-up on how the CE standard format that
APR1400 followed for developing EOGs necessitated addressing
ATWS under functional recovery guidelines.

38

Staff to follow up on how PRA was used in APR1400 TS.

73-74

A question on setpoint methodology deviations was taken for later
discussion.

84

The staff will respond to the question of review of PRA for risk-informed
TS application during chapter 19 presentation.

111-118

March 22, 2017
KHNP to provide the allowed maximum amount and basis for incontainment use of aluminum and zinc given the objective to minimize
hydrogen generation from containment spray initiation during accidents.
KHNP to respond regarding IRWST liner/coating material.

15

9-14
15

KHNP to provide containment spray coverage, droplet size distribution,
chemistry, and testing done to demonstrate effectiveness in removing
fission products.

40-43

KHNP to respond - how long the low-volume purge is to be operated
during normal operation and the size of the low-volume purge lines.

44-46

KHNP to respond - how accumulation of poisons and coatings on the
PAR catalyst surfaces is to be prevented.

56-57

KHNP to present the technical report that goes through the detail
evaluation of hydrogen mixing/stratification during the APR1400
subcommittee meeting on Chapter 19.

53-54

KHNP to respond – MCR heat-up upon loss of cooling, maximum
temperature, equipment qualification, and upon remote shutdown
activation where the functions of the technical support center under the
same high-temperature and environmental conditions be relocated.

72-75

KHNP to respond if in-containment instrumentation for severe accident
monitoring are qualified to the hydrogen ignition pressure spike.

92-94

Use of CAP credit to be addressed at a later presentation, likely
Chapter 19.

95-107

The staff to address if IRWST swing panels need to be included in TS
for operability requirements.

132

Staff audit of acidification calculation.

137

Staff to follow up on member Powers’ question on conservatism in CS
droplet size distribution analysis.

187-191

NRO staff (PM) to check if ACRS members could have access to
KHNP hydrogen combustion calculation before ACRS meeting on
Chapter 19.

214-216

Member Rempe wanted to know why finer nodalization was not used. A
question was asked regarding proximity to boundaries where
stratification results due to temperatures, densities or flow rates.

218-224

REFERENCE:
1. APR1400 Design Control Document, Rev. 0 (Tier 1, and Tier 2 Chapters 12-Proprietary)
2. Minutes of April 20-21, 2016 APR1400 Subcommittee information briefing on APR1400
design and design certification application (transcript and presentation slides attached)
(ML16158A189, ML16158A276, ML16161A096)
3. NRC Staff’s Safety Evaluation Report on Chapter 12, Radiation Protection (ML17027A035)
4. CD containing RAI responses referenced in staff’ Safety Evaluation Report.
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1:00 p.m.
CHAIRMAN SUNSERI:

All right.

The meeting will now come to order.

It's 1:00.
This is a

meeting of the APR-1400 Subcommittee of the Advisory
Committee on Reactor Safeguards.
I am Matt Sunseri, Chairman of today's
APR-1400

Subcommittee

attendance are:
be

joining

meeting.

ACRS

Members

in

Gordon Skillman, Dr. Dana Powers will

us

in

about

five

minutes,

Michael

Corradini, Ron Ballinger, John Stetkar and Joy Rempe.
Chris Brown is our Designated Federal
Official for this meeting.
The purpose of today's meeting is for the
Subcommittee to receive briefings from Korea Electric
Power Corporation and Korea Hydro and Nuclear Power
Company,

Ltd.,

KHNP,

regarding

their

design

certification application and the NRC staff regarding
their

safety

evaluation

report

with

open

items
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specific to Chapter 6, Engineered Safety Features,
Chapter 13, Conduct of Operations, and Chapter 16,
Technical Specifications.
The ACRS was established by statute and is
governed by the Federal Advisory Committee Act.

This

means that the Committee can only speak through its
published letter reports.

We hold meetings to gather

information to support our deliberations.
Interested parties who wish to provide
comments can contact our office requesting time once
the meeting announcement is published in the Federal
Register.
That said, we also set aside 10 minutes
for comments from members of the public attending or
listening to our meetings.

Written comments are also

welcomed.
The ACRS section of the U.S. NRC public
website provides our charter, bylaws, letter reports
and full transcripts of all Full and Subcommittee
meetings, including slides presented at the meeting.
The rules for participation in today's
meeting were announced in the Federal Register on
Tuesday, March 8, 2017.

The meeting was announced as

an open/closed to public meeting.

This meant that the

9

Chairman can close the meeting as needed to protect
information proprietary to KHNP or its vendors.
No request for making a statement to the
Subcommittee has been received from the public.
A transcript of the meeting is being kept
and will be made available as stated in the Federal
Register notice.
participants

in

Therefore, I would request that
this

meeting

use

the

microphones

located throughout the meeting room when addressing
the Subcommittee.
Participants
themselves

and

speak

with

should

first

sufficient

identify

clarity

and

volume so they can be readily heard.
We have a bridge line established for
members of the public to listen in.

The bridge number

and password were published in the agenda posted on
the NRC public website.
To minimize disturbance the public line
will be kept in a listen-only mode.

The public will

have an opportunity to make a statement or provide
comments at a designated time towards the end of this
meeting.
I would request now that meeting attendees
and participants silence your cell phones and other

10

electronic devices.
All the chapters that we will be reviewing
in the next few days are important and I want to make
sure that we distribute our time appropriately.

In

particular, Chapter 13 defers many of the activities
to the COL applicant.
We will be mainly looking in to see that
these

assignments

are

appropriate

and

have

only

allotted two hours for this chapter.
Chapter

16

describes

the

technical

specifications that have been developed in accordance
with

NUREG-1432

following

specifications design.

the

standard

technical

Although nearly 1,000 pages in

volume, we have devoted six hours to this chapter.
Since

the

technical

specifications

follow

the

technical -- the standard technical specification
content, perhaps we could best spend our time -- less
time on the standard items and allow more time for
treatment of the plant differences, such as the 4
trains

of

the

Emergency

Core

Cooling

and

Pilot

Operated Safety Release Valves.
That
Chapter 6.

leaves

us

with

eight

hours

for

This chapter will likely be the most

technically challenging for us in this series of

11

chapters.

Therefore, I ask that we get through

Chapters 13 and 16 as efficiently as possible and
perhaps even pick up time that can be applied to
Chapter 6.
The schedule, as published, has footnotes
giving us the flexibility to move up some items.
In summary, we want to maximize our time
in Chapter 6 and we will use the footnote schedule of
flexibility to do this.
Okay.

With those opening remarks, I now

invite Jeff Ciocco, NRO Project Manager, to introduce
the presenters and start the briefing.
MR. CIOCCO:
thanks for having us.

Thank you, Mr. Chairman, and
My name is Jeff Ciocco.

I'm

the lead project manager for the APR-1400, Standard
Design Certification.

Staff stands ready to present

and defend our safety evaluations for Chapter 6, 13
and 16 and we will introduce our own specific speakers
whenever staff gets up there.
Thank you for having us.

I'm going to

turn it over to my Branch Chief, Michael McCoppin.
MR.

McCOPPIN:

Thanks,

Jeff.

Mike

McCoppin, the Licensing Branch II Chief in the Office
of New Reactors.

I would also like to acknowledge all
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the efforts up to this point for all the stakeholders
involved today.
In addition, I would also like to thank
the ACRS for being so flexible in scheduling and in
some cases receiving the staff's safety evaluations
less than the 30 days needed for their review, in some
cases.

This flexibility has helped to keep the

project on track and not slip to Phase 3, 4 and 5
milestones.

So we -- thanks, thank you for your

flexibility.
CHAIRMAN SUNSERI:
that.

Okay.

Thank you for

Now, we are ready to start the presentation.

Chapter 13, Rob?
MR. SISK:

Thank you, Chairman.

This is

Rob Sisk, Westinghouse, representing the APR-1400
design certification application.

And as before, we

appreciate the opportunity to present these chapters
to the ACRS.

And I will not belabor the point, but

turn it over to JaiHo Lee to present Chapter 13.
MR. J. LEE:

Thank you for introducing me.

Good afternoon, everyone.

My name is JaiHo Lee.

I

am responsible for Chapter 13 at KHNP Central Research
Institute.
Today I am going to talk about DCD Chapter

13

13, Conduct of Operation for APR-1400.
First of all, I am pleased to have this
opportunity

to

present

the

Operation to the ACRS Members.

APR-1400

Conduct

of

Even I think all of

the Members may have reviewed the DCD Chapter 13 and
the related chapters, this could be a good chance to
enhance

much

more

understanding

of

the

APR-1400

design.
In
Physical

this

Security

time,
Design

however,
Features,

Chapter
will

13.6,

not

be

presented because it included many of security-related
information and safeguard information.
Now, I'm going to move on to the next
slide then.

This is a slide that -- this slide shows

the content of the presentation is sorted in the same
order as the DCD Chapter 13.
After a brief overview of the Chapter 13,
I will introduce each section of Chapter 13.

And then

I will talk about open items and current status.
Finally, I will give a summary for this presentation.
As we all know, Chapter 13 of the DCD Tier
II consists of seven sections relating to conduct of
operation.

Most of the sections consist of the COL

items and their process.
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Section

13.1

addresses

COL

items

for

management, technical support, operating organization
and qualification of a nuclear power plant personnel
over the APR-1400.
Section

13.2

introduces

the

COL

information for plant staff training.
Section

13.3

provides

us

the

COL

information items for emergency plan content.
Section 13.4 and 13.5 provide the COL
items for operation approval and implementation and
the

COL

items

for

administrative

and

operating

procedures respectively.
As I mentioned earlier, Section 13.6 is
physical security design features of APR-1400 will not
be presented at this time.
And then Section 13.7 describes the COL
information for fitness-for-duty program.
For the review of APR-1400 Chapter 13
Conduct of Operation, KHNP submitted a DCD T01 and T02
Chapter 13.
submitted

There is no topical or technical report

on

Chapter

13

excluding

13.6,

Physical

Security.
This slide shows the overview of Section
13.1.

The Section 13.1 provides the COL applicant
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responsibilities for organizational structure of the
applicant.
Section 13.1.1, Management and Technical
Support

Organization

construction,

consist

of

operating

a

design,

responsibilities,

organizational arrangement and qualifications.
And
Organization,
personnel

then

Section

include

plant

responsibilities

13.1.2,

Operating

organization,
and

authorities

plant
and

operating shift crew.
Finally, Section 13.1.3, Qualifications of
Nuclear

Power

Plant,

includes

qualification

requirements and qualification of plant personnel.
This slide shows the overview of a Section
13.2 and Section 13.3.
The

Section

13.2

describes

the

COL

applicant's development of a training program.
Section 13.3 provides the design features
to support the emergency planning, including technical
support center.
Section 13.4 describes the COL applicant's
development of the Operational Program Implementation.
Section 13.5 describes the COL applicant's
responsibilities for developing the administrative
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approaches for operating and maintenance procedures.
In Section 13.7, the development of the
Fitness-For-Duty Program is the responsibility of the
COL applicant.
There are no open items in Chapter 13 so
far.
Here is the summary:
Chapter

13

provides

the

information

relating to the preparation and the plans for design
construction and operation of the APR-1400 Plans.
This chapter describes the COL information items to be
addressed by the COL applicant.
Thank you for listening.
CHAIRMAN

SUNSERI:

Thank

you.

So,

Members, any comments or questions on Chapter 13 from
the HMD?

All right.

staff's presentation.

So we're ready to move on to the
I think you all set a record

for that, so appreciate your timeliness.
Okay.

Is staff ready?

So I'll turn it

over to whoever wants to kick it off.
MR. WARD:
name is Bill Ward.

Good afternoon.

Thank you.

My

I'm the Project Manager for

Chapter 13 and this is the staff presentation on
KHNP's APR-1400 Chapter 13 Review.
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Performing the review, we have from the
Human Performance Operator Licensing, an ITAAC Branch,
Surinder Arora and Joe DeMarshall.
their tags up.

Okay.

Everybody has got

And from NSIR, from the Reactor

Licensing Branch of NSIR was Eddie Robinson.
And
presented below.

what

sections

were

reviewed

are

In actuality, even though I'm listed

for 13.1, I'm presenting it, but I didn't review 13.1.
The reviewer retired and so I'm going to present it
to the best of my ability, but I didn't do the review.
13.4 is not really anything.

In 13.4, we

just kind of write a section to fill in for 13.4.
I wrote that section.

So

And the other three sections

were reviewed by Surinder, Eddie and Joe.
So we will get started with the summary.
You just saw this with the KHNP presentation.
had seven sections here.

We have five listed.

They
The

reason is Sections 13.6 and 13.7 related to Physical
Security and Fitness-For-Duty.

We don't review in the

ACRS meetings, so we just list the five sections here
and that's what we will be presenting.
Okay.

Section 13.1.

The intent of this

section is to provide the assurance that the applicant
has the COL items for corporate level management and
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technical support organizations.

The purpose is to

make sure the COL applicant will have the necessary
managerial and technical resources to support the
plant staff and construction, operation, maintenance
in the event of emergency.
In this case, they had 11 COL items.

The

COL items were in the same manner as what other
applicants have provided.

They did cover all of the

requirements in the TMI guidance in the regulations.
And staff found no problem with the 11 COL items.

conclusion

There were no RAIs issued.

And so the

is

items

that

the

necessary

COL

were

provided to ensure that the COL applicant will have
the organization required.
Any question on 13.1?

Okay.

13.2?
MR. ARORA:

Good afternoon to everyone in

the room and those on the bridge line.

My name is

Surinder

the

Arora

and

I'm

a

member

of

Human

Performance Operator Licensing, an ITAAC Branch in the
Division of Construction Inspection and Operational
Programs abbreviated as DCIP.
I'm here today to present 13 DCD -CHAIRMAN SUNSERI:

Can you turn your mic

19

on?

The green light on.
MR. ARORA:

Oh, it was off.

I'm sorry.

Should I continue from here or go back?
MR. WARD:
MR. ARORA:

Please, continue from there.
Okay.

I'm here today to

present KHNP Design Certification SE for Chapter 13,
section

13.2

related

to

training

of

the

plant

personnel.
I inherited this section from one of my
branch-mates who retired from the Commission last
year.

It could be the same person that Bill got 13.1

from.
As stated right here in the presentation
this morning to the Committee, just before us, the
combined

license

applicant

is

responsible

for

developing the description, content and schedule of
the site-specific training programs for the licensed
and non-licensed plant staff.
The
applicant

to

do

information
this

is

directing
captured

in

the

COL

five

COL

information items listed in KHNP Design Certification
Application.
Since the training program details will be
submitted by the COL applicant later, the staff's
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review of the portion of the DC application was to
confirm that the COL information items clearly and
adequately

convey

the

requirements

to

the

COL

applicant.
In reviewing the COL information items in
the DCD, the staff found that two information items,
numbers 13.2.3 and 13.2.4 failed to clearly commit to
NEI

06-13A,

which

is

the

NRC-approved

Industry

Guidance that was developed by NEI.
In this two COL information items, KHNP
had stated that the training programs for licensed and
non-licensed plant staff will be provided by the COL
applicant in accordance with NUREG-0800.
An

RAI

was

issued

to

KHNP

to

obtain

clarification on this difference in their application.
In response, KHNP corrected the wording previously
given to us in the DC and they revised the COL
information items in question.
In the RAI response, KHNP also provided a
markup of the revision to the FSAR, which was reviewed
by the staff and found acceptable.
In

the

current

version

of

the

SE,

a

confirmatory item has been created to verify the
changes in the next version of the DC application when
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submitted.

Except for this verification and closure

of the confirmatory item, there are no open issues and
the applicant's approach to developing the training
programs

for

their

plant

staff

is

considered

acceptable.
MR. WARD:

Any questions?

CHAIRMAN SUNSERI:
MR. ARORA:

Okay.

Thank you.

Thank you.

CHAIRMAN SUNSERI:

Okay.

MR.

for

WARD:

And

Next.
13.3,

Emergency

Planning, we have Mr. Robinson.
MR. ROBINSON:

All right.

Well, let me

first begin by saying good afternoon to the ACRS
staff, NRC staff and those member of the public who
are perhaps calling in to the bridge line.
Edward Robinson.

My name is

I'm an --

CHAIRMAN SUNSERI:
MR. ROBINSON:

Is your mic on?

It's -- maybe I'll just get

a little bit closer.
CHAIRMAN SUNSERI:
MR. ROBINSON:

Okay.

Is that better?

Okay.

I'm

an EP Specialist in the Reactor Licensing Branch
within the Office of NSIR.

I have primary review

responsibility for SER Section 13.3 titled Emergency
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Planning

of

the

submitted

APR-1400

Design

Certification document.
With that being said, there are no open
items associated with DCD Section 13.3 and as a
result, the staff is not expecting any additional
emergency

planning-related

information

to

be

incorporated into a future revision of the DCD.
The staff's evaluation of the APR-1400 DCD
application submittal concluded that the proposed size
and location of the TSC was acceptable.

The staff

found that the TSC size and location descriptions
provided by the applicant were in conformance with the
guidance

set

forth

in

our

SRP

NUREG-0800

and,

therefore consistent with the requirements set forth
in

10

CFR

5047(b)(8)

in

subsection

(4)(E)(8)

of

Appendix E to 10 CFR Part 50.
In part, the applicant stated that the TSC
contains a floor space of at least 1875 square feet,
which provided for a work space of, approximately, 75
square feet for each of the 25 personnel.

20 of which

would be licensee personnel, in addition to 5 NRC
personnel.
In addition to that, they go on to explain
that the TSC has size and has space for data system
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equipment and document storage.

The applicant also

went on to explain in their application that the TSC
is located near the main control room within the
auxiliary building and also is a distance of about -not to exceed 2 minutes walking distance between the
two facilities.
NUREG-0800 identifies -MEMBER SKILLMAN:

Eddie, let me ask a

question on that -MR. ROBINSON:

Yes, sure.

MEMBER SKILLMAN:
MR. ROBINSON:
MEMBER

-- point.

Okay.

SKILLMAN:

I

understand

the

proximity is about 2 minutes from the control room to
the TSC?
MR. ROBINSON:

Yes, uh-huh.

MEMBER SKILLMAN:

What attention did you

give to the manner by which an individual gets from
the control room to the TSC?

How many doors, stairs,

convoluted passageways does an individual need to
proceed through in order to get from one to the other?
MR. ROBINSON:

As far as testing, what

that actually is, you know, we -- our guidance set
forth in 06-96, I guess, basically says that they have
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to commit to having a 2 minute piece.

They provided

some figures, but as far as doors, etcetera, are
concerned, how that kind of encompasses in to whether
that two minute is actually part of that, that's
probably more -- I don't know if I want to say that's
-- I don't want to deflect the question, but I'm not
sure if that's more for KHNP to kind of lay out that,
but they didn't go into detail as far as like the
number of doors or size.
They

actually

just

said

in

their

application hey, it's going to be 2 minutes walking
distance.

So when we look at that and it's on a

docket, we look at 06-96 and see what they committed
to and say that's in conformance with our guidance. So
we didn't go into detail as far as breaking that down,
the number of stairs.
MEMBER SUNSERI:

Okay.

I thought I saw a

diagram in the DCD and it's just right next door to
the control room, isn't it?

Like two doors and a

flight of stairs, I think.
MR. ROBINSON:
building.

Yeah, within the auxiliary

They provided a figure, but it's -- they

provided a generic figure that shows that it is next
door, but I couldn't tell from that whether there were
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stairs or on a second floor or what have you either.
MEMBER SKILLMAN:

Okay.

MR.

NUREG-0800

ROBINSON:

identifies

various emergency planning and reviewer interface
areas as well.

SER Section interface areas in which

the staff verify various capabilities are addressed
include SE Section 6.4, which provides information
regarding the protection of the main control room
personnel during emergency.
SER
information

Section

related

7.5,

to

TSC

which

provides

data

retrieval

capabilities, such as safety parameter displays or
SPDS and emergency response data system or ERDS is
provided in SER Section 7.5.
SE

Section

9.3.2,

which

provides

information pertaining to the PAS System or the PostAccident Sampling System is at 9.3.2.
SE Section 9.4.1 provides the staff's
determination of the acceptability of the TSC HVAC
system and that it functions in a manner comparable to
that of the main control room ventilation system.
SE Section 9.5.2, which discusses voice
and data communications equipment.
SE

Section

12.3,

which

provides

the
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staff's determination on the acceptability of an onsite

decontamination

facilities

provided

by

the

applicant.
And

finally,

SE

Section

15.3,

which

contains information related to the TSC radiological
habitability, GDC-19.
The main reason why I wanted to highlight
the SRP interface area is because I wanted to make
sure that the ACRS staff and also members of the
public

understand

that

there

is

EP

components

addressed in these other sections and the staff is
doing its due diligence to interact, engage with these
sections to see what their -- what KHNP is talking
about as far as it relates to the emergency planning
and we are working together.
The

next

programmatic

aspects

preparedness

are

applicant
design.

that

the

slide,
of

please.

emergency

responsibility

references

the

In

general,

planning
of

certified

the

and
COL

standard

However, the applicant may, but is not

required to, identify such programmatic responsibility
as COL action or information items.
Within the APR-1400 Design Certification,
the applicant provided five COL information items that
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are related to EP and that are to be addressed by
those COL applicants who choose to represent the
design.

Those are as follows:
Develop interfaces of design features with

site-specific designs and site parameters.
Develop a comprehensive emergency plan as
a separate document.
Develop an emergency classification and
action level scheme or EAL scheme.
Develop a multi-unit site interface plan
dependent upon the location of the new reactor on or
near

an

operating

reactor

site

with

an

existing

emergency plan.
And develop an emergency planning ITAAC.
Upon the staff's review of Section 13.3 of
the

DCD,

it

was

determined

that

the

information

provided by the applicant met the criteria as set
forth

in

NUREG-0800

and

the

regulations

and,

therefore, it was determined in the staff's evaluation
report that the information that KHNP provided was
acceptable.
CHAIRMAN SUNSERI:

Okay.

Thank you.

And

you know, just reflecting on my previous interjection
on that TSC discussion, I guess I should have paused a
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second to give KHNP a chance to maybe answer that
question.

So I'll just visit that.
Does anybody want to comment?

that's fine.

If not,

But, you know, if anybody wants to

comment on the accessibility of the TSC from the
control room?
MR. J. OH:
Washington Office.

Yes.

This is Andy Oh, the

Since there is -- TSC is located

next door to the MCR.

And you shut the door, pass

through the MCR to the TSC is three doors.

So it's

going to take -- actual instance is very short, so 10
second is enough to move to the MCR to the TSC, I
think.
MEMBER STETKAR:

I'll observe that the 10

seconds is an awfully short time.
door in 10 seconds.

I can't get to that

I'm old.

MEMBER SKILLMAN:

Thank you, Andy.

The

reason I asked the question -MEMBER STETKAR:

Honestly, don't make

statements that you can't support in terms of timing.
MR. J. OH:

Um-hum.

MEMBER STETKAR:

You create many, many

problems for yourself by just making glib statements,
so you cannot go through three doors in 10 seconds.
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MEMBER SKILLMAN:

I raised the question

because in real experience, having the proximity from
the control room to the tech support center and having
easy passage between the two is a critical asset.
Now,

we

have

been

involved

in

other

campaigns where the TSC has been moved some distance,
but I can tell you from firsthand experience, what
makes the emergency functions successful is when the
shift supervisor or the shift manager and the tech
support center coordinator can see each other and talk
eyeball-to-eyeball.
two

stairs

and

And that cannot happen if it's

three

doors

and

two

different

buildings.
If -- as Andy said, it's just a matter of
several doors and a very short distance, then that is
a setup for success, but I would opine that if it's a
long distance and if there is a hassle getting from
one to the other, when you really need the tech
support center as the brain of the control room, then
that distance and the difficulty is a problem.
MR. ROBINSON:
MR. WARD:
that

in

Chapter

18

Thank you.

Thanks.
we

also

I would like to add
asked

about

the

accessibility in the various other rooms that they
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have to get to in certain circumstances.

And I don't

want to misstate any of those, but I know we asked
about those and, for example, one was, you know, 5
minutes to be able to get there and it was much
further away than the TSC.
MR. ROBINSON:

Thank you.

CHAIRMAN SUNSERI:

And I would like to

also have the record reflect that Member Walt Kirchner
has joined us.

Thanks, Walt.

All right.

Let's see,

next section?
MR. WARD:

Next is 13.4.

This one, there

really isn't much there except for what we added for a
SECY paper a few years ago.

The SRM now requires that

the operational programs be identified per the SECY
paper and the requirement here is that they have to
provide

COL

items

to

pass

that

on

to

the

COL

applicant.
And in this case, KHNP provided two COL
items to pass on the requirements of SECY 05 and
that's a typo there, it should be 0197.

And the

second one for leakage monitor and prevention program
per

NUREG-0737,

which

is

the

PMI

Action

Plan

requirements.
So both of those were in there, those were
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satisfactory.

And the requirements were passed on, so

we found this section satisfactory.
13.5?
MR. DEMARSHALL:
is

Joe

DeMarshall

and

Good afternoon.

unlike

a

couple

My name
of

my

colleagues, I'm the creator and grade on 13.5.
The background I've been with the NRC for
9 years, qualified reactor inspector and operator of
licensing, chief examiner, and with PSEG Nuclear for
about 18 years prior to that.

I was a licensed SRO

and IC system engineer.
Prior to that, I was Nuclear Navy six
years, RO, enlisted, submarines.
CHAIRMAN SUNSERI:

Joe, could you just

maybe pull your microphone a little closer to you?
MR. DEMARSHALL:

Sure.

CHAIRMAN SUNSERI:
MR. DEMARSHALL:
able to hear that?
Scope

Thanks.
Is that -- is everybody

Okay.
to

review.

Plant

procedures

encompass pretty much three categories: Administrative
procedures;
procedures

operating
and

and

maintenance

emergency
and

other

procedures for safety-related activities.

operating
operating
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And the other operating activities, these
will be types of activities that are not procedurally
covered under the -- either the operating or the
emergency operating procedure programs.

Things that--

examples of those would be op surveillances like
monthly

diesel

surveillances,

weekly

control

rod

exercise and those types of activities.
Okay.

Development of detailed procedures

is beyond the scope of the DC application.
responsibility

resides

with

the

COL

That

applicant

representing the design.
The COL information items pertaining to
procedure

descriptions

and

procedure

program

development/implementation are identified by the DC
applicant.
Okay.
otherwise

referred

Generic
to

as

technical

the

guidelines,

emergency

operating

guidelines, they are used by the COL applicants to
develop their Plant-Specific Technical Guidelines or
PSTGs from which their EOPs will be developed.
Preparation

of

the

APR-1400

EOGs

and

submittal to the NRC for review is the responsibility
of the DC applicant.

And they are TMI action items,

IC-1 and they are also SRP acceptance criteria for
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this Chapter 13.5.

That would be chapter -- or SRP

13.5.2.1.
Okay.

Next slide, please.

of the review continuing.

Okay.

Scope

So the staff evaluated DC

application for acceptability of COL information items
pertaining to the description of plant procedures.
The acceptability of COL information items pertaining
to establishment of a program with development and
implementation of plant procedures.
technical

adequacy

of

the

And lastly the

APR-1400

EOGs

and

determination of their acceptability for use as a
basis for development of COL applicant PSTGs.
I had no findings, no open issues for
13.5.
I would like to note that staff found two
out of seven COL information items in Chapter 13.5 to
be acceptable, originally.
There are many five COL information items
require modifications that have been sufficiently
resolved

through

the

RAI

process

and

have

been

identified as confirmatory items in Revision 1 of the
DCD.

And for the most part, those were clarifying

items that needed to be resolved.
note there.

So nothing major to
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Okay.

Next slide.

Okay.

Lastly, staff

finds that the APR-1400 EOGs are technically adequate
and acceptable for use in development of COL applicant
PSTGs on the basis that the EOGs are based on the
combustion engineering owners group GTGs, set 152,
which have been previously reviewed and approved by
the staff.
The EOGs retain structural format and
event mitigation strategies of set 152 specifically
referring

to

standard

post-trip

Guidelines,

a

structural

format

actions,

Function

where

you

Optimal

Recovery

have

Recovery

Guidelines

and

diagnostic actions.
The EOGs have been modified to reflect the
APR-1400 specific design features.
design

features

transient

had

analyses

been

for

APR-1400 specific

incorporated

events

into

categorized

in

the
the

Optimal Recovery Guidelines of the APR-1400 EOGs.
And lastly, transient analysis results
provided in APR-1400 Technical Report entitled "Best
Estimate Analysis for the Operation of Transients in
Accidents

for

APR-1400

Emergency

Operating

Guidelines," have been reviewed by the Reactor Systems
Nuclear Performance and Code Branch as part of a

35

Chapter 15 review and interface support activity and
found to be acceptable for use in the development of
the APR-1400 EOGs.
And that's all I have.
MEMBER
evaluations.

SKILLMAN:

It's

on

I

page
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Any questions?
do.

On

safety

of

the

safety

evaluation, statements made APR-1400 specific design
features have been incorporated into the analysis for
the operational transient and accidents that were
used for the EOGs.

Then it provides a list:

Reactor trip, LOCA, steam generator tube
rupture, main steam line break, loss of all feedwater
LOOP

and

addressed?

station

blackout.

Where

is

the

ATWS

Maybe ATWS is categorized differently and

it's not on that list, but I would have thought ATWS
would have been on that list.
MR. DEMARSHALL:

Okay.

I can tell you

that with respect to combustion engineering, GTGs,
this is -- this list of events is what is specified.
I don't recall seeing ATWS, that may be the case, but
what I would like to do, if possible, I do have a
Chapter 13 Interface, the gentleman here he may or may
not be able to answer that.
MEMBER STETKAR:

But remember ATWS is not
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a design basis accident.

It's a special event.

MR. DEMARSHALL:
MEMBER

It's --

STETKAR:

But

it's

typically

covered in the emergency operating procedures.
MR. DEMARSHALL:

John Budzynski, John, do

you have any input on it?
MR. BUDZYNSKI:

Yeah, I wanted to --

CHAIRMAN SUNSERI:

Microphone.

MR. BUDZYNSKI:
Budzynski.

Yes, my name is John

And all I did was review the report that

was given to me.

I didn't look at ATWS event at all.

I can go back and take a look at it

and get back

with you on this.
MEMBER SKILLMAN:
follow-up with this.

Thank you.

I'll

Thank you.

MR. BUDZYNSKI:

Sure.

MR. DEMARSHALL:

Did you have any input?

MEMBER CORRADINI:
licensee?

Okay.

Can we hear from the

I'm kind of curious.
MR. DEMARSHALL:

Yeah.

CHAIRMAN SUNSERI:

Just -- okay.

like they are huddling here.

It looks

We will give them a

chance to think it out.
MR. DEMARSHALL:

The only -- I would like
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to offer -- I would have to follow-up and check on
this, but with respect to the ATWS, I would think that
that would probably be recovered under -- covered
under the Functional Recovery Guidelines possibly in
the radioactivity control.
Just a thought, but I'm thinking that's
where it is going to be.

And I will -- but I will

follow-up with that as well.
MEMBER SKILLMAN:
CHAIRMAN SUNSERI:

And let you know.
Thank you.
Okay.

Well, we have a

KHNP representative now.
MR. J.T. SEO:
Seo from KEPCO E&C.
of

EOG

ATWS

APR-1400.

features.

recovery
ATWS,
trip.

is

and
by

Yeah.

My name is Jong Tae

I am involved in the developing
So

let

me

clarify

on

the

Our EPG -- EOG consider optimal
function

recovery

guidelines

and

definition, is a failure of reactor

So it's covered in the functional recovery

guidelines. So you know, in a sense ATWS is covered by
the functional recovery guidelines, that's what is
said.

You know, the optimal guide -- or recovery

guideline includes only the reactor trips, simple
reactor trips, that's what the current -- the APR-1400
uses.

Is that clear, sir?
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MEMBER SKILLMAN:

Yes, it's clear, but it

would seem to me to -- that it should also cover
reactor not trips.
MR. J.T. SEO:

Yes, if reactor not trips,

it has been covered as in the functional recovery
guidelines where the safety function is recovered.
Now,

it's

safety

functions

are

recovered

in

the

functional recovery guidelines by, you know, safety
function -- by safety functions.

So that covers ATWS.

That's the concept of the EOGs.
MEMBER SKILLMAN:
MR. J.T. SEO:

I understand your words.

Yes.

MEMBER SKILLMAN:
MR. J.T. SEO:

Thank you.

Thank you.

CHAIRMAN SUNSERI:

Okay.

Anything else

from staff?
MR. WARD:

That's all we have.

MEMBER REMPE:

Okay.

Thank you.

So is this the way

the NRC organizes the operating guidelines?

Do we

have that same structure, so that ATWS could be
covered in the same manner or how would this NRC catch
it is I guess I'm curious now?
If

this

were

just

generically

application, where would you cover the --

any
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MR. DEMARSHALL:

Well, what I would offer

is that since this design is based on combustion
engineering GTGs, combustion engineering has that
standard

format,

the

diagnostic actions.

standard

post-trip

actions,

It has the ultimate recovery

guidelines which are the major events listed here,
which doesn't list the ATWS, like steam generator tube
rupture, excessive steam demand, those type events.
And

then

the

Functional

Recovery

Guidelines would cover those were there -- would cover
that type of activity.

I'm going to follow-up with

that, but that's where it would be.
MEMBER REMPE:

I would be curious just, if

you would -MR. DEMARSHALL:
MEMBER REMPE:

Yes.

-- write something down and

send it to Christopher and let us see it.
MR. DEMARSHALL:

Sure.

MEMBER REMPE:

Thank you.

MR. DEMARSHALL:

Absolutely.

CHAIRMAN SUNSERI:
All right.

Okay?

Any other questions?

Well, thank you for that review.
So it looks like we are ahead of schedule

here.

If we could get the KHNP Chapter 16 group up
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and I suppose I will put the staff on notice that we
will be ahead of schedule here, so if we can have the
staff presentation ready for this afternoon, later
this afternoon, that would be appreciated.
All right.
is complete.

It looks like the transition

Rob, you have your team ready?
MR. SISK:

Thank you very much and yes,

I'll introduce.
SangWon Lee to lead us through the Chapter
16 discussion.
MR. SANGWON LEE:
MR. SISK:

Yes.

Please.

MR. SANGWON LEE:

With that, ladies and

gentlemen, my name is SangWon Lee and I work for Korea
Hydro

Nuclear

Power

Corporation.

I'm

very

appreciative to have a presentation in front of the
Honorable ACRS Members.
At this time, I would like to talk about
the technical specifications.
This

is

the

contents.

After

short

overview, I will talk about the main deviation between
the Standard Tech Spec and the APR-1400 Tech Spec and
some technical issue will be explained and I will
finalize it with the summary.
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Basically,

APR-1400

Technical

Specifications were developed based on the NUREG-1432
Rev. 4 dated 2012, standard tech spec for a formerly
combustion engineering plant.
risk-informed

technical

And we do not apply the

specification,

so

the

different design compared to the conventional C Plan
to the APR-1400 was reviewed for applicability of the
NUREG-1432 to APR-1400.
As a result, we are submit the technical
report on the deviation between NUREG to APR-1400
dated 2015, December.

And some of the applicability

of the updated TSTF report was reviewed and so then
it's implemented in the APR-1400 Tech Spec.
This slide shows the section overview of
the Chapter 16.
Section

1

describe

the

use

and

applications.
And Section 2, safety limits.
And

Section

3

include

the

limiting

condition for operation and surveillance requirement
for nine major subsection.
And Section 4 has design features.
And Section 5 has administrative controls.
I will now talk about the sections a little more
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detailed in the next slide.
In

Section

3.1,

Reactivity

Control

Systems, include the shutdown margin and reactivity
balance and MTC and CEA insertion limits and special
test exception.
And Section 3.2 include the linear heat
rate and the radial peaking factors.
And Section
the

RPS

3.3, Instrumentation, include

instrumentation

and

CEACs

and

Engineered

Safety Features Actuation System Instrumentation, and
EDG, and some containment purge isolation actuation,
etcetera.
Section 3.4, RCS, include the RCS Loops
and pressurizer and the Pressurizer Pilot Operated
Safety Relief Values and Reactor Coolant Gas Vent
System.
And Section 3.5, ECCS, include the SIT and
SIS and IRWST.
Section
containment

air

3.6,

locks,

Containment
and

Systems,

containment

has

isolation

valves and containment spray system.
And
mainstream

Section

safety

claves

3.7,
and

Plant

Systems,

auxiliary

has

feedwater

system and CCWS and Essential Service Water System and
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Control Room HVAC System, etcetera.
And Section 3.8, Electrical Power Systems,
include the AC power and DC power and the supporting
systems.
Section 3.9, Refueling Operations, has the
Boron

concentration,

containment

penetration

and

Shutdown Cooling System.
From this slide, I will briefly describe
the main deviation between the standard tech spec and
our design.

I have five items on this slide.
The first one is ICS system.

formerly

CE

Plant

has

the

spring

Basically,

loaded

pilot

pressurized safety valve, PORV, but we used the pilot
operated

safety

and

relief

valves

and

related

deviation is 3.4.10.
POSRV has different characteristics on the
valve opening time and valve position and verification
and

setpoint,

etcetera.

So

these

kind

of

characteristics is incorporated into the 3.4.10.

And

also, there are no PORV in APR-1400, so it -- that
item was deleted.
This is the schematics of the POSRV.

I

will skip this slide.
The second thing is the Safety Injection
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System.

NUREG-1432 is basically 2 trains of high

pressure safety injection and 2 trains low pressure
safety injection with 2 EDG meaning a 2 train system.
In APR-1400, we used 4 safety injection
train and no LPSI and 4 EDG is applied.

So there are

some differences between the NUREG-1432, so we change
the

Section

3.5.2

and

3.5.3,

required

number

of

OPERABLE Trains for normal operation and 4 SI trains
should be operable.

And in shutdown case, we need the

2 diagonal safety injection trains should be OPERABLE.
It is applied in that limited condition
for operation for APR-1400.
This is the schematics.

Also schematics,

for the safety injection system.
The third one is In-Containment Refueling
Water Storage Tanks.
MEMBER CORRADINI:

I'm sorry?

MR. SANGWON LEE:

Yes?

MEMBER CORRADINI:

Can we just go back?

I

want to make sure I understand what you meant by
diagonal.

So you mean that one in -- you have to have

a combination of one or three and two or four?
that what you mean by diagonal?
sure.

Is

I'm sorry, I am not
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MR. SANGWON LEE:
MR. IM:

Yes, please.

My name is InYoung Im from KHNP.

It's true that 1 & 3 is that diagonal and 2 & 4 is
diagonal.
MEMBER CORRADINI:

Okay.

CHAIRMAN SUNSERI:

So I had a follow-up

question on that.

Thank you.

I mean, how does it -- how -- I

mean, I see the picture here, but can you clearly
delineate that on the chart?

I mean, you know, by

identifying the diagonal loops with each other?

I

mean, you know, otherwise it's kind of the operator
knowledge, right, from knowing how the plant is built?
MR. IM:

I'm sorry, I don't have the

drawings right now, so maybe we can give it, the
drawings, to you.
CHAIRMAN SUNSERI:

No, I understand that.

I mean, you know, from a construction of the tech
specs, it would seem clear if it said Loops 1 and 3
versus diagonal loops.

I mean, but wouldn't that make

more sense?
MR. SANGWON LEE:

We have diagonal, we

have put diagonal of the reactor vessel, hot leg and
cold leg, but right now we don't prepare that, so we
will give that figure.

The base concept is that the
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location

for

the

-- to

something like that.
injection

is

prevent

the

bypass

was

We have diagonal set of the

preferable,

so

that

is

what

the

meaning of this issue.
MR. IM:

Yeah, depending on what the

technical specification diagonal, using the diagonal
terminologies is different than naming 1 & 3 or 2 & 4.
It

is

the

longest

setpoints

that

we

used

the

diagonal.
CHAIRMAN SUNSERI:

Yeah, so I understand

that and we understand how the plant is constructed.
I think just from a legalistic perspective, you know,
we try to eliminate the, you know, uncertainty or, you
know, lack of clarity, if you will, in the legal tech
spec document, because we train the operators to
follow that thing pretty rigorously, right?

And so

they don't have to think if it says 1 & 3, to be
honest, I mean, you know?

John, did you have a

question or comment?
MEMBER STETKAR:
at that in particular.

It's just I didn't look

I know I have had to craft a

little matrix for myself, but it's basically a two
division plant regardless of trains and stuff like
that.
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Division 1 is mostly stuff that is given a
label of 1 & 3 or A & C and some other labels.
Division 2 is given labels of 2 & 4, B & D
or that kind of stuff.
So if you think of it that way, it all
sorts -- kind of sorts itself out.

Although I admit

that I had put together a matrix, because sometimes
there are 1As and 2As and 1Bs and 2Bs and that kind of
stuff.
CHAIRMAN

SUNSERI:

Yeah,

that's

my

experience, too.
MEMBER STETKAR:

If I were operating the

plant, I would probably know it, but -CHAIRMAN SUNSERI:

Well, wait.

I think

you are illustrating my point here.
MEMBER STETKAR:

Yes.

CHAIRMAN SUNSERI:

Because my experience

in the plant is that it generally follows that kind of
convention,

but

there

always

seems

to

be

some

exception in practice and you don't want the operators
to have to figure that out, right?

So being very

explicit in the document is often helpful.
MEMBER STETKAR:
CHAIRMAN

Right.

SUNSERI:

Walt,

you

had

a
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question or comment?

comment.
shown,

MEMBER KIRCHNER:

No, no.

MEMBER SKILLMAN:

I would like to make a

I would find the requirement, as you have
in

difficult.

technical

specifications

to

be

very

What if you are not able to have two

diagonal trains and you must be in shutdown?
CHAIRMAN SUNSERI:
MEMBER SKILLMAN:
anyway.

It's limiting the -You're going to shutdown

You're just going to shutdown in violation of

your tech specs.
MR. IM:

For the Large-Break LOCA --

MEMBER SKILLMAN:
MR. IM:

Pardon?

For the Large-Break LOCA, we need

the minimum two diagonal trains.
MEMBER SKILLMAN:
them?

And if you don't have

You are going to shutdown anyway.
MR. IM:

In the test, it means that if

there is only one diagonal, then if that train is -then no mitigation possible.

So we have to shutdown.

MEMBER SKILLMAN:

Yes.

MEMBER STETKAR:

Well --

MR. IM:

But in case one set of diagonal

train is available, then we have some allowable time
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allowing time to repair.

If you cannot repair, then

we have to shut the plant down.
MEMBER SKILLMAN:
minute.

But I think -- just a

I understand the design objective.

You want

to go across the core on the down-comer, right?
That's what you are trying to do.
MR. IM:

Yes.

MEMBER SKILLMAN:

I understand that.

But

if the conditions are such that you cannot achieve
that, you cannot meet your tech specs, you are going
to shutdown anyway.
MR. IM:

Yes.

MEMBER SKILLMAN:

So the way the tech spec

is written can be a problem for your operators.
That's a preferred mode.

But if you do not have

cross-core, you're probably going to shutdown anyway.
MR. IM:

Yes, if you cannot repair.

MEMBER SKILLMAN:

Correct.

All I'm saying

is at least from my years of dealing with technical
specifications, the way this is worded, the English
wording, is a preference.

But if you cannot meet it,

you are going to shutdown anyway.
out of four.

So it's really two

I would just offer you to think about or

suggest you might want to think about that.

If you
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can't meet the diagonal requirement that is in the
technical specifications, you are probably going to be
in mode -- you are going to go from MODE 1 to probably
MODE 3.

You are going to drop through 2 and probably

be in MODE 3.
MEMBER STETKAR:

Let me try something,

because as I said, I haven't read this, so let me ask
KHNP, who authored this thing, if I have SI Pump 1
inoperable, I must restore that pump within 72 hours.
Is that correct?

Yes or no?

MR. IM:

Yes.

MEMBER STETKAR:

Okay.

If I have SI Pumps

1 and 2 inoperable, can I stay in that condition for
72 hours?
MR. IM:

No.

MEMBER STETKAR:

Okay.

If I have SI Pumps

1 and 3 inoperable, can I stay in that condition for
72 hours?
MR. IM:

Right.

MEMBER STETKAR:

Okay.

You should be very

explicit in the tech specs to tell the operators that.
That's -MR. IM:

Yes.

MEMBER STETKAR:

I sort of knew that the
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way -- but that's why I -- the way I understand the
plant, but that's why I asked you those specific
questions.

Typical operators might not get it from

this tech spec.
MEMBER CORRADINI:

So your point is a

matrix of what -MEMBER STETKAR:

You can have up to two

pumps out simultaneously for 72 hours provided they
are in the same division.

The way I characterize

things.
MEMBER SKILLMAN:

They have got to be the

correct two pumps, right?
MEMBER STETKAR:

Yeah.

It can't -- it can

be 1 & 3 or 2 & 4.
MEMBER SKILLMAN:
MEMBER STETKAR:

2 & 4, right.
But not the other four

combinations of -MEMBER SKILLMAN:

That's why I suggest the

way this is written can be misleading.

And if it's

worded properly, like John says, then I think that the
specification can be enacted capably.
MR. IM:

Okay.

MEMBER SKILLMAN:

Okay.

Thank you.

MR. SANGWON LEE:

Okay.

I will continue.
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In-Containment

Refueling

Water

Storage

Tank,

in

NUREG-1432 has applicability of MODES 1, 2, 3 and 4.
And APR-1400 we expand the applicable MODE to 5 and 6
with RCS level is within 130 feet.
So the Section 3.5.4 is changing to use
this expanded mode.
MEMBER CORRADINI:

Okay.

I'm sorry.

Can

you try that one more time?
MR.

SANGWON

LEE:

We

expand

the

in-

containment refueling water storage tanks if available
within MODES 1, 2, 3 and 4 and 5, 6 compared to the
NUREG use the 1, 2, 3, 4 already.
MEMBER CORRADINI:

And you did that how?

That's what I didn't understand.

I understood that

you extended it, but I didn't understand how.
changed?

What

I'm sorry.
MR. IM:

Let me add something.

So the

standard tech spec just describes up to MODE 4.

But

during our evaluation, the shutdown risk evaluation,
we need SI for a longer period of shutdown.

So we

added to LCO 3.5.3 to include more -- up to more than
6 at such level.
MEMBER CORRADINI:
MR. IM:

Okay.

So IRWST is the source of the
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safety

injection

pump,

so

IRWST

applicability

is

extended at that point.
MEMBER CORRADINI:
MR. IM:

Extends to those modes?

Yes, yes.

MEMBER CORRADINI:

Gotcha.

All right.

Thank you.
MEMBER STETKAR:

It basically applies

during all modes until you flood-up the refueling
cavity.
MR. IM:

Right, right.

MEMBER STETKAR:
MR. IM:

Okay.

Yes.

MEMBER STETKAR:

Which the standard tech

specs, by the way, should have figured out, but nobody
ever looks at shutdown stuff.

I got that on the

record.
MR. SANGWON LEE:

Yes, I'll continue.

An

aux feedwater system, NUREG-1432 has a 3 train, two
motor-driven pumps and one turbine-driven pump and it
has a cross-tie between the trains.

And APR-1400, we

used the 4 train to, two motor-driven pumps and two
turbine-driven pumps.

And each division has one

water-driven pump and one turbine-driven pump, but,
however,

we

don't

have

any

cross-tie

after

the
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discharge of the pumps.
the NUREG-1432.

So the design is different to

So we change it.

One of the issues that the turbine-driven
aux

feedwater

inoperable

pump

steam

train

supply

inoperable
is

due

deleted.

to

the

It's

not

applicable in APR-1400, so -- and we change the three
aux feedwater pumps to two aux feedwater division.
Meaning four pumps.
1400 catch that.

So the design process in the APRAlso, condensed storage tanks is

changing to the two aux feedwater storage tanks.
And this slide shows the schematics of the
APR-1400 aux feedwater system.
Finally, Electrical Power System.
MEMBER STETKAR:
MR. SANGWON LEE:
MEMBER STETKAR:

Just backup.
Yes.
I have to admit I'm not

familiar with the standard tech specs, but what's the
subtlety under Condition A where the turbine-driven
aux feedwater train inoperability due to a steam
supply was deleted?

How is that different in APR-1400

compared to some other pressurized water reactor that
has turbine-driven aux feedwater pumps?
MR. SANGWON LEE:

Basically, conventional

CE plant, the -- one turbine-driven aux feedwater is
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available and they use the -MEMBER STETKAR:
MR. SANGWON LEE:
MEMBER STETKAR:

Okay.
Yeah.
Okay.

Thank you.

I've

got it.
MR. SANGWON LEE:
MEMBER STETKAR:
MR. SANGWON LEE:
Power System.

Yes.
Thank you.
Finally, the Electric

NUREG-1432 has 2 train concept.

APR-1400 four EDG for two division concept.

And

So the

concept is different, so we applied these differences
into the related 3.8.1 and 3.8.2.
This is the schematics of the electric
system.

So the design process explained in previous

slide and right now, I will talk about the several
technical issues that we perceive.
We think about is the:
One thing is aux feedwater system that I
mentioned in the previous slide.

So the issues is

that no provision for the aux feedwater train for one
steam generator supply feedwater to the other steam
generator, because there is no cross-tie.

So that

issue is we have some responses and the NRC staff is
reviewing the submitted responses.
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MEMBER CORRADINI:

So just to make sure I

understand what you are saying, is that back to your
graphic on 14, there is no eventual cross-tie to feed
both generators from either division?
MR. SANGWON LEE:
MEMBER CORRADINI:
MR. SANGWON LEE:
MEMBER CORRADINI:
MEMBER KIRCHNER:

Yeah.
That's your point?
Yeah.
Okay.

Thank you.

All right.

I would just

-- maybe it's quibbling with words, but I would not
describe this design as a 4 train system.

If you go

back to Slide 11, you can see that for the SI systems
they are unique individual systems.

They have a

common sump in the IRWST, but they are separate.
Whereas, if you look at this, a single
failure where the lines join or where they take
suction, takes two trains as you are calling out of
service.
So it's -- I'm not quibbling with the
design, but just perhaps the description.

I don't

think it really is truly a 4 train system, because you
could have a single failure somewhere in that system,
a break in a pipe, the venturi is clogged, whatever,
take out two lines.
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MEMBER

CORRADINI:

Yeah,

it's

maybe

mincing words, but -MR. SANGWON LEE:

So we basically -- these

are concept in some cases compared to the train
concept.
MEMBER STETKAR:

When we get into more of

the design, you will find more of this, because the
safety injection pumps system looks like a 4, I'll
call it, train system.

And in fact, one pump is

powered from each diesel.

But when you look at

electric power supplies, you will find that it becomes
a little more strange.
It's easier to think of the plant as a two
division plant with each division having two trains of
equipment in that division.
MEMBER CORRADINI:
MEMBER STETKAR:

But the end -And that helps a little

bit for the jargon.
MEMBER CORRADINI:

But the -- I think

Walt's point, I think, is a fair point.

With the

independence or dependence within a division differs
whether on SI or aux feed.
MEMBER STETKAR:

That's absolutely -- or

electric power or -- yes, it's absolutely correct.
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MEMBER KIRCHNER:

And I was just looking

at plumbing, not -MEMBER STETKAR:

Yeah, no, just --

MEMBER KIRCHNER:

-- the electric.

Okay.

It's -- yeah, I'll be quiet.
MR. SANGWON LEE:

All right.

So the aux

feedwater train is under reviewing by the NRC.
And the second one is Boron Mixing issue.
Basically, this is the type of technical issues we
assume complete RCS mixing assumption when RCP is
idle

and

dynamics

we

have

some

computational

fluid

categories and -- on that point.
So the -- you see the validity of that is

issues interpreting.

But on the other hand, in

Chapter 16, the -- to prevent unborated water source
to the RCS, some isolation valve is -- should be
managed in Chapter 16 as one of the issues.
So this issue is still under discussion
with the NRC.
The

next

one

is

the

surveillance

requirement.
CHAIRMAN SUNSERI:
MEMBER CORRADINI:
sure I understand.

Just a second.
I just want to make

So the issue is the simulation to
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show resolution of the mixing?

What's the issue

exactly in reviewing your analysis?
MR. SANGWON LEE:

Chapter 15, in Chapter

15.
MEMBER CORRADINI:

Okay.

So we will back

to it.
MR. SANGWON LEE:
MEMBER
Fine.

Yeah.

CORRADINI:

Okay.

All

right.

That's what I was hoping you would say.
MR. SANGWON LEE:

Okay.

The surveillance

requirements for Boron-10 atom percent or SIT and
IRWST is that if the boron recycling is used, the
Boron-10, atom percent of the Boron-10, should be
specified in the technical specification.
But
calculation
significant.

our

shows

operating

that

just

experience
a

very

--

and

the

it's

not

Meaning, so we in -- our response is

under reviewing on that.
So yeah.

Finally, the Applicability Mode

is that the -- when a steam generator is relied on
heat removal, that footnote should be applied to the
Mode 4 applicability of the AFAS on steam generator
level low.

So we reviewing on that and the response

will be provided.
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Yes?
MEMBER CORRADINI:
expert.

Can you explain that a little more for me?

Help me, please.
issue?

I'm not a tech spec

Can you kind of just expand upon the

I don't appreciate the issue other than there

is an issue between you and the staff.
MR. IM:

This is -- I'm not related to

this section, but that's -- but there is a question
that the AFAS function in the tech spec is -- has been
described up to Mode 3.

And some of the AFAS function

should be used manually at lower modes.

So that kind

of issue is -MEMBER CORRADINI:
the

operation

into

So you are extending

modes

that

understanding, in the tech spec?
hearing?
completely.

aren't,

my

Is that what I'm

I want to make sure that I understand
We will come back to it, I'm sure, but

that's just -COURT REPORTER:
MEMBER SKILLMAN:

Microphone.
Mike, what they have

done is they have extended that from hot standby,
that's Mode 3, to hot shutdown, that is Mode 4.
MEMBER CORRADINI:
MEMBER SKILLMAN:

Okay.
Mode 5 is cold shutdown.
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And 6 is refueling.

One is power on.

COURT REPORTER:

Microphone.

MEMBER CORRADINI:

Yes, you're as bad as I

MEMBER SKILLMAN:

Yes.

am then.

is start up.

1 is power on.

3 is hot standby.

2

And 4 is hot

shutdown.
MEMBER CORRADINI:
MEMBER SKILLMAN:

But -So what they have done

is they have extended down into hot shutdown.
MEMBER CORRADINI:
That I got.

But -- yeah, okay.

But I thought your explanation was

historically or normally, you wouldn't see this in the
tech spec or is it just required because of the
uniqueness of this design?

That's what I'm trying to

understand.
MR. IM:

Yeah, as I said about the SI

system extension, the mode extension, so the original
STS

is

not

concerned

about

the

lower

mode

of

All right.

So

operation.
MEMBER CORRADINI:

Okay.

it goes back to Member Stetkar's -MR. IM:

Yeah.

MEMBER CORRADINI:

-- happy that you have
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actually considered it into the lower modes.
MR. IM:

Right.

MEMBER CORRADINI:
MEMBER STETKAR:

Thank you.
For the record, yes, I

am.
MEMBER CORRADINI:
MEMBER STETKAR:

Yes, you are what?

Happy that they extended

it into the lower modes.
MEMBER CORRADINI:
MEMBER STETKAR:

Just start with happy.

I'm never happy without a

qualifier.
MR. SANGWON LEE:

All right.

Final slide.

APR-1400 technical specifications is developed based
on the standard tech spec of formerly CE plant.

And

differences between the APR-1400 and the standard tech
spec are reviewed and some of feature is reflected,
including RCS and safety injection system, IRWST and
aux feedwater system and electric power system.
So current status is we have 5 RAIs under
preparation for Boron mixing and COL item, etcetera,
but except despite all of the responses was submitted
to the NRC and under review process.
CHAIRMAN SUNSERI:
ahead.

Thank you.

All right.

Thanks.

Go
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MEMBER STETKAR:

What I had pleaded and

the staff may cover these, what RAI deals with the PRA
regarding the tech specs?
MS. MONAHAN:
from Westinghouse.

Hello.

It's Jill Monahan

That issue is actually related to

the applicability in LCO-3.0.9.

And it's a little bit

of risk-informed, but it's not.
COURT REPORTER:
bit, please?

Can you speak up a little

A little louder, please.
MS. MONAHAN:

I'm sorry.

That issue is

related to the applicability of LCO-3.0.9.
MEMBER STETKAR:

Okay.

CHAIRMAN SUNSERI:
right.

Thank you.

Any other Members?

All

Well, thank you very much.
All right.

So we are at the end of

today's agenda, but if the staff is ready, we would
like to pick up tomorrow's discussion.
ready?

All right.

You guys are

So we will have the staff come up

and we will take a little bit of transition time here
and we will hear their Chapter 16 presentation.
I

think

that

for

--

this

is

on

the

schedule for like four hours, so we will take a break
sometime in about an hour into it.
MEMBER STETKAR:

Four hours?

All right.
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We are -CHAIRMAN SUNSERI:
MEMBER STETKAR:

Actually tomorrow.
Are you going to run

this?
MS. UMANA:

Yes, I am.

I'll take care of

this for you.
(Whereupon, the above-entitled matter went
off the record at 2:20 p.m. and resumed at 2:22 p.m.)
CHAIRMAN SUNSERI:
MS. UMANA:

Yeah.

Are you ready?
We have an exciting

presentation for Chapter 16.
CHAIRMAN SUNSERI:

Tech specs are always

exciting for operators.
MS. UMANA:
I'm Jessica Umana.

And they really are.

Well,

I'm the Chapter PM for the tech

specs and the tech staff that did the, I guess, bulk
of the review is Craig Harbuck and Bob Tjader.

I'm

going to move on because this is a pretty substantial
effort and so I think it's worth a few seconds to
appreciate the number of staff involved in the review
of Chapter 16, the tech specs.
Okay.

So today you will hear the staff's

overview on DCD Chapter 16.

You will also hear about

the technical topics that were covered in the staff
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review and the status summary of the review.
So with that, I will now turn it over to
Bob Tjader, so he can start off with the first bullet
there in the outline, which is an overview of Chapter
16.
MR. TJADER:
Bob Tjader.

Okay.

Good afternoon.

I'm

The first slide is -CHAIRMAN SUNSERI:

Microphone, please.

MEMBER CORRADINI:

Green light on.

MR. TJADER:
Tjader, Tech Spec Branch.

There we go.

Okay.

Bob

The first slide is, which

we passed already, just an outline of what we are
going to present today.

And we've got slides and

information on all of these topics.
So we can go to the next slide, Slide 5.
In the next few slides we will present all of the
sections of the tech specs and the RAIs that are
listed, the numbers there without the prefix 16 is
omitted, for each of them.
Open RAI questions and sub-questions are
listed for each tech spec subsection to highlight
review areas for which our review is not yet complete.
Blue indicates sections and subsections
with open issues.
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Underlining

indicates

RAI

questions

affecting multiple requirements.
RAI questions colored red remain open,
pending editorial changes.
RAI

questions

colored

black

involve

technical issues pending resolution.
At the top of DC -- at the top of the
slide are four general RAI questions.
16-42

is

selection criteria
are

the

four

the

in

application

50.36.

of

LCO

Basically,

they

criteria listed in the -- in 5036 and

our RAI requests how they applied that.

And we are

waiting response to that.
16-43

is

disposition

of

STS-

approved generic changes.

That is what we call

travelers

and

those

TSTF

or

TSTF

changes

changes

to

the

how

they

standard,

standard -- CE Standard 1432.

address

that's

the

And the RAI addresses

the correction of certain deviation report errors.
16-44

is

identification

of

COL

Action

Items.
16-45 replaces DCD Tier 2 with FSAR in
Bases references, basically an editorial-type change.
Other

ones

listed

on

the

pages

for
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definition is the use of the word division in the
definition of operability.
the word definition.

Basically, they have added

We just want a description of --

or a discussion of that.
Regarding LCO 3.0.4, they have not adopted
the risk-informed tech spec change, TSTF-359 for LCO
3.0.4.
For the most part, they have not adopted
risk-informed tech spec changes.

However, in the next

two specs, as you referred to in the questions to the
applicant, they have adopted two.

They have adopted

LCO

requirements

3.0.8,

risk-informed

action

for

snubbers and 3.0.9 risk-informed action requirements
for barriers.
And basically, the open item for 3.0.9 is
referenced as, basically, we need the generic risk
evaluation justifying the application of 3.0.9 for the
plant.
MEMBER CORRADINI:

So can I ask a learning

question?
MR. TJADER:

Sure.

MEMBER CORRADINI:

So can an applicant

pick and choose what is risk-informed and what is not?
And what the -- in other words, if they can get down
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to these sorts of limited -- LCO limited condition of
operation and then decide I want this one riskinformed, I want this one deterministic?
MR. TJADER:
specs

generally

fall

Well, the risk-informed tech
under

different initiatives.

Okay.

they stand alone sort of.
missed surveillance.

different

categories,

And the initiatives

So Initiative 2 would be a

They haven't adopted that for

whatever reason.
MEMBER CORRADINI:

So you go by these

categories as to what they would adopt?
MR. TJADER:
they can or cannot adopt.

These initiatives and what
Now, there are certain very

involved initiatives like Initiative 4B, we call it,
is risk-informed completion times.

And they can be

applied to various specs throughout.

And if they

were, they haven't adopted it, but if they were, they
could presumably say I want to apply it to these
systems, but not those.
MEMBER CORRADINI:
MR. TJADER:

Oh.

It would depend very much on

the quality and the applicability of their PRA and how
their PRA applies to the plant.
MEMBER CORRADINI:

Okay.

Well, I guess I
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wasn't aware, because I haven't done enough homework
apparently, that indeed these tech specs are being
characterized as at least partially risk-informed.

So

given the fact that you have characterized them that
way, what is the staff doing?
MR. TJADER:

Well, they are very partially

risk-informed.
MEMBER CORRADINI:

That doesn't make any

difference, as we have just established that they can
partially risk-inform them.

And you established on

the record that the quality of the PRA should be
commensurate to support those risk-informed decisions.
So my question to the staff is what is the
staff doing in their review of the PRA, now a review
not an audit, to confirm that for the risk-informed
applications in this design certification, the PRA has
adequate scope and technical quality and has had an
independent PRA review done according to the quality
attributes in Regulatory Guide 1.200 to support that
risk-informed application.
MR. TJADER:

Well --

MEMBER CORRADINI:

You may not be able to

answer that, but -MR. TJADER:

-- I --
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MEMBER CORRADINI:

-- I hope the staff

can.
MR. TJADER:

Well, the PR -- well, let me

answer it this way.

The PRA Branch is responsible for

reviewing the PRA.

And they are reviewing the PRA.

MEMBER CORRADINI:

They are auditing the

MR. TJADER:

Now, let me say this.

PRA.

With

regard

to

the

Yes.

partial

application

of

risk-

informed tech specs, okay, the PRA quality and its
evaluation with respect to tech specs would be very
important and significant if it were applied to some
initiatives, particularly 4B, Risk-Informed Completion
Times, or 5B, Surround Circuits and Control Program,
it will be very important because they would be
applying it basically real-time and applying it to the
systems that are there.
In 3.0.8 and 3.0.9, these risk evaluations
were asking for our risk evaluations that would be
applicable to the -- to this application regardless of
the mode that the plant is in and they would not have
to revise anything in the process.
In

other

words,

they

are

evaluating

whether or not the time that you can be in the
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condition or you can have inoperable barriers, the
time that is applied there is appropriate for the
plant.
MEMBER CORRADINI:
MR. TJADER:

Bob, what's a barrier?

A barrier would be a door.

MEMBER CORRADINI:
MR. TJADER:

A fire be a barrier?

Yeah.

A door, fire barrier,

yeah.
MEMBER
internal

fires

STETKAR:

and

So

internal

now

my

flooding

PRA

must

for
have

adequate technical scope and detail and quality to
support the conclusions that they have identified and
evaluated

the

perspective.

appropriate

barriers

from

a

risk

Is that true?
MR. TJADER:

That's true.

MEMBER STETKAR:

Okay.

Now --

So now I need to

look in pretty dog-gone good detail at the internal
fire and flooding models.
MR. TJADER:

Yeah, I'll have to defer to

the -MEMBER STETKAR:
MR. TJADER:

-- PRA Branch.

MEMBER STETKAR:
MR. TJADER:

Okay.
Now --

I'll ask the PRA folks--

I'll give them a heads-up.
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MEMBER STETKAR:

-- to say let's do that.

MR.

It's

TJADER:

a

similar

type

application in 3.0.8 with snubbers where they -- where
the risk assessment is for the plant as a whole.

And

they have reviewed that, so I know they are doing it.
MEMBER STETKAR:
MR. TJADER:

Okay.

So okay.

MEMBER STETKAR:

I wasn't aware that they

were, so that was the reason I kind of got interested.
MR. TJADER:

I'll give them a heads-up.

MS. UMANA:

Well, I would request to see

if Marie Pohida can come down.
MEMBER STETKAR:

And when I say this is a

difference, the reason that I'm interested just for
the record, is that the level of review that the staff
performs for that type of risk-informed application is
much different from the level of the review that the
staff has performed for any other design certification
that at least the ACRS has looked at.
This

would

be

the

first

design

certification that I'm familiar with that has used the
notion of risk-informed technical specifications.
One other applicant came close, and I
won't name it, at the design certification stage,
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backed off and said no, we will just use standard tech
specs and the COL applicant, in that case, was going
to take off the gauntlet of risk-informed technical
specifications and it didn't -- it never came to
fruition.

And I'll just stop here.
So this would be the first one that, at

least I believe, we have seen that has anything to do
with

the

notion

of

risk-informed

technical

specifications and the implications on the quality of
the PRA, the scope of the PRA and the level of the
staff's review of those elements of the PRA to support
those particular applications.
MR. TJADER:

Well, I don't want to belabor

it.
MEMBER STETKAR:
MR. TJADER:

That's --

But I'll just say that the

other initiatives do require, for instance, a similar
application for -- that we do for the maintenance rule
where you do an assessed risk, you know.

And that

would require a quality PRA and we do that for, you
know, the other initiatives.
For this, this is a review done of the
plant and its design and does not need to be reviewed
in various modes.

In other words, it's done for the
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plant and -MEMBER STETKAR:

I don't understand that,

because if I do a fire risk assessment during full
power operation, the implications of having an open
barrier,

a

door,

may

be

different

from

the

implications of having the same door open during
shutdown modes, because the likelihood of a fire may
be different and the consequences of that fire may be
different.

Just in the same two functional areas in

the plant.
So if I'm doing a risk-informed approach
to how long I can have that door open -MR. TJADER:

Well, they take conservative

assumptions in performing it.
MR. KLEIN:

Excuse me.

MEMBER STETKAR:

I'll let it slide.

We

will let the PRA people.
MR. KLEIN:

Excuse me.

My name is Alex

Klein.

I'm the NRR Technical Specifications Branch

Chief.

Hi, John, how are you?
MEMBER STETKAR:

Hi, Alex.

We haven't

talked in a long time.
MR. KLEIN:

No, we have not.

understand the question that you asked.

But we
I'll ask
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Jessica to, you know, as the PM for this effort, bring
the question back to the appropriate staff and PRA to,
you know, respond to the questions that the ACRS is
asking you.
MS. UMANA:

Yeah, and I'm trying to get

some of the PRA folks down here, since you have two
hours with us.
MR. KLEIN:
MS. UMANA:

That's what I mean.
They will drop in at some

point.
MEMBER STETKAR:

We don't want to go into

-- we will have ample time in the Subcommittee meeting
in April to actually go over the whole PRA.

We have a

day and a half or something like that scheduled for
the PRA itself.

It's just that at least I wasn't

expecting to talk to the staff, the PRA staff in the
context of a "risk-informed" application.
I was, you know, planning to question the
PRA staff on their review of what is in Chapter 19 and
any audits of the PRA that have been done to support
that review.
MR. KLEIN:

This is just a heads-up like

Bob said.
CHAIRMAN SUNSERI:

All right.

Thanks.
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Joy, do you have a question?
MEMBER REMPE:

I sure do.

I apologize,

because I had to step out for a phonecall, but I'm
real confused because before I left, KHNP had on Slide
3

that

the

tech

--

the

risk-informed

specifications are not applied.

tech

Now, suddenly I come

back and I thought I heard you guys saying you were
doing some sort of risk-informed -MR. TJADER:
is

that

they

have,

Yeah, well, what I said was

in

essence,

not

applied

in

accepting two LCOs.
MEMBER REMPE:
MR. TJADER:

Okay.

3.0.8 and 3.0.9.

And I'm --

and we have -- one of our open items is that we
requested the risk assessment associated with applying
3.0.9 for unavailable barriers.
MEMBER REMPE:

so I missed the part that

they have -MR. TJADER:

In 2 they have applied to

LCOs, they have used initiative, it's Initiative 7 --

initiatives.

MEMBER REMPE:

Okay.

MR.

--

TJADER:

of

the

risk-informed

And as I said, it's not an on-line

application of the PRA, but we will have the PRA
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Branch.
MEMBER REMPE:

Okay.

I appreciate it.

Again, I was gone is why I was confused, I guess.
MR. TJADER:

Okay.

MEMBER REMPE:
MR. TJADER:
16171,

initially

the

Thank you.

Okay.

Page 6.

applicant

separate shutdown margin LCOs.

had

RAI Question
proposed

two

And we -- in response

to our questioning, they changed it back to one LCO,
which caused the renumbering of the LCOs in Section
3.1 and they need to verify the correction to the
references.

So we need to verify that they have

correctly renumbered the LCOs and references.
Subsections

3.1.8

and

3.1.12

and

new

specifications related to boron dilution and will be
discussed later.
RAI footnote noted that RAI questions
affecting tech specs originated during the review of
other DCD chapters, which one would expect.
Okay.
later.

Slide 7.

16137 is to be discussed

It's a correlation of Tech Spec Section 3.3

Surveillance Requirements and Instrumentation Testing
described in DCD Chapter 7.
The control element assembly calculator is
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the CX-LCO-3.3.3, actions are to be discussed later in
section -- with 16013.
Tech Spec 3.3.6 issues mostly related to
clarifying scope of testing for ESF logic, such as
priority logic, SFAS, EPS and manual.
Open item 16115.1 concerns using channel
and division synonymously for ESF actuation logic
functions.
115.2 concerns completion of staff review
of information provided in RAI response regarding the
arrangements

of

balance

of

plant,

ESF

and

ESF

components in each ESF, CCS, SFAS, actuation logic
division into groups and subgroups.
3.3.11 -CHAIRMAN
second.

SUNSERI:

Hold

on.

Just

a

So that one right there, does that touch on

the conversation that we had with the applicant about
diagonal or, you know -MR. TJADER:
safety injection system.

Well, that comes in with the
And there may be someone in

the electrical area, but no, I don't believe it does.
CHAIRMAN SUNSERI:

But when we are talking

about the logic of the trains "trains" I mean?
MR. HARBUCK:

I can -- this has to do with
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-- this has to -- my name is Craig Harbuck.

Okay.

This has to do with the surveillance testing and how
they staggered the testing, so that only certain
groups or sets of components get actuated.

And the

problem is that we haven't been able to figure out
which component has which group label.
MEMBER CHU:

Okay.

MR. HARBUCK:

I mean, it's a bookkeeping--

CHAIRMAN SUNSERI:
MR. HARBUCK:
MR. TJADER:

All right.

Thank you.

Okay.
And then 3.3.1, Post Action

Monitoring, otherwise known as Accident Monitoring and
Instrumentation.

And 3.3.14 will be discussed later.

Slide 8.

Shutdown Risk Mitigation is a

significant issue in Section 3.4.
their

credit,

they

have

And as you know, to

addressed

shutdown

more

rigorously than the standard has.
16149.2C, reduced RCS inventory on loss of
shutdown cooling.

Any questions?

MR. HARBUCK:
MR.
Certainly.

TJADER:

Actions on losses.
Actions

on

losses.

I'm sorry.
16149.2K, RCS loops not filled definition.

They have applied new definitions and things which we
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are working through, some of which were retained, some
of which we have gotten rid of.
MR. HARBUCK:
as a defined term.

So this isn't a definition

It's just understanding how they

demarcate loops filled and loops not filled in MODE 5.
MR. TJADER:

All right.

Open item 1623

reflects having not received formal response to most
of the 24 sub-questions of RAI 119, 79, 76.

Question

1623.
Okay.

3.4.16, spec 3.4.16, RCGV, RCS vent

arrangements are unique to APR-1400.

The vents gas

from both pressurized and reactor vessel closure head
to the IRWST.
16152.6 verifying applicable LCO selection
criteria, basis cells Criterion 3, RCGV function is
not credited in the steam generator tube rupture
analysis.

So we are questioning just basically which

application of the criteria they are using.
Okay.

Slide 9.

1617 is a confirmatory

item.
MR. HARBUCK:

This is mislabeled.

shouldn't be listed here.
MR. TJADER:
MR. HARBUCK:

Okay.

As is 46.

And 46.

It
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MR. TJADER:
Risk

Mitigation.

required

when

46, yeah.

Manual

reactor

safety

vessel

3.5.3, Shutdown
injection

level

is

change

below

the

flange.
16149, response is still in evaluation by
the staff.
6.3-10, Boron Recycling Issue.

Reactor

systems is reviewing that.
3.6.6, Containment Spray System is used
for containment cooling.
serve

as

a

shutdown

Containment spray pump may
cooling

pump

in

electrical division on MODES 4, 5 and 6.

the

same

Shutdown

cooling pump may serve as a containment stray pump in
the same electrical division in MODES 1, 2 and 3.
Spec

3.6.7,

Containment

Closure

Requirements in reduced inventory conditions in MODES
5 and 6 are discussed later.
Slide 10.

The staff had issues with

3.7.5, Auxiliary Feedwater System and 3.7.11, Control
Room Ventilation System.
Slide 11.

Both are discussed later.

Electrical System Spec 3.1.8

for clarifying implementation of cross-train check
action requirements and 3.8.1 for inoperable EDGs.
3.9.5,

MODE

6

Reduced

Inventory

Risk
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Mitigation and 3.9.7 is a new specification related to
Boron dilution and will be discussed later.
Slide 12.

Our instrumentation control and

reactor systems are reviewing setpoint methodology,
technical reports to be referenced in the setpoint
control

program

in

program

5.5.19,

the

Setpoint

Control Program that's in progress.
Slide 13.

Defined Terms.

Operability, as

I mentioned already, they need to justify the use of
the

word

division

and

their

change

of

the

word

cold

leg

operability.
MODE.
temperature

versus

Their
average

MODES

use

temperature.

analysis uses cold leg temperature.

Their

We are reviewing

that.
MR. HARBUCK:
MR. TJADER:
accepted it.

Do you know -But we have reviewed it and

Okay.
MR. HARBUCK:
MR. TJADER:

But there is other issues.
Okay.

As I said, some of the

definitions they have proposed we are reviewing.

Some

of them we had determined aren't really necessary.
MID-LOOP is one that they proposed.

So

far we haven't found a reason that we really need to

83

get rid of it.

But the question is is it really

needed?
And

in

their

shutdown

mitigation,

addressing shutdown mitigation, they deal in the specs
throughout with various RCS elevations.

Just quickly

112 feet and 3.3 inches at the top of the fuel 117
feet 4 inches are at minimum level for shutdown
cooling system operation.

119 feet at the top of a

hot leg, 124 feet 8/34 and it's the top of a 12 inch
internal diameter DVI nozzle.

127 feet 1/4 inch, 3

feet below the top of the reactor flange, 130 feet 1/3
inch is the top of the reactor flange.
Well, I mean, these are just -MEMBER CORRADINI:
MR. TJADER:

Just slow down.

136, 10 and 1/4 inch is the

bottom of the pressurizer.

153 feet and 1/4 inch, 23

feet above the top of the reactor vessel flange, 122
feet 4.2 inches on top of steam generator tube.

So

some of those things are referenced in some of those
specs.
MEMBER CORRADINI:

So I want to make sure,

you are disposing of them quickly, so I term most of
these definitional and just clarification rather than
technical.
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MR. TJADER:

Right.

MEMBER CORRADINI:

Okay.

CHAIRMAN SUNSERI:

Fine.

So on some of these

critical, I'll call them dimensions and I won't label
them, but are there going to be ITAACs or something to
verify these at the end or how -MR. TJADER:

Well, not related to specs.

They may be in other systems ITAACs related to them.

elevations

MR.

HARBUCK:

are

referenced

Well,
to

some

certainly
point

these

and

for

purposes of discussing the technical specification and
establishing

applicability

requirements

based

on

level, elevation is the way they have denoted these
particular points.
And so we just thought we would mention
what the key ones were that come into play just for
familiarity with a follow-on discussion.
CHAIRMAN

SUNSERI:

Yeah,

I

mean,

my

experience is that's not uncommon, but what was -your imperative though is the validation of that
point, elevation to the physical plant, right?
MR. TJADER:

I'm sure there is an ITAAC in

the system.
CHAIRMAN SUNSERI:

Okay.
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MR. TJADER:

The system engineers have and

things like that.
CHAIRMAN SUNSERI:

Yes.

you all are going too fast-track.
a question earlier on.
is there
are

a

And as Mike said,
I neglected to ask

The setpoint methodology,

significant

departure

in

what

they

proposing for the setpoint methodology or is it

just you have some questions?
MR. HARBUCK:

We will be -- I'll just be

discussing that briefly, but, yeah, there is a couple
of issues that I'm aware of.

If anyone from the I&C

Group is here when we get to that slide, perhaps they
can chime in with more detail.
CHAIRMAN SUNSERI:

More to come though

later?
MR. HARBUCK:

Yes.

CHAIRMAN SUNSERI:

Okay.

All right.

I'll

hold off.
MR. HARBUCK:

Yes.

And that was part of

the overview just to sort of give an idea of the scope
and

depth

to

the

issues

that

we

have

and

which

sections are affected.
MR. TJADER:

And now some of the technical

issues, Craig will be addressing in the next few
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slides and I'll turn it over to him starting with
requirements to mitigate shutdown risk.
MR. HARBUCK:
No. 14.

Okay.

All right.

So Slide

My understanding is that the -- this shutdown

evaluation report, although not specifically docketed
with

the

application,

has

been

incorporated

as

requested by the staff in the portions of Chapter 19
where some of the risk insights in that report were
cited by the applicant in the analyses.

That's as

close as I can get to describing what is this -- that
report.
But the other side of it is that a lot of
their requirements were informed by that analysis.
I wanted to mention it.
report in any great depth.

So

But I did not review the
I just simply have taken

that as a basis for some of the requirements they have
propose and it's what I have listed here and their
applicabilities.
These LCOs all have the provisions that
are related to shutdown risk mitigation.
Just to note, the applicant agreed to
increase the applicability of the new LCO 3.6.7 on
containment

penetrations.

Originally,

they

had

proposed it to be applicable when you were at 3 feet
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below the reactor vessel flange, both in MODE 5 and in
MODE 6.

But now it is more in line with LCO 3.4.8 and

3.9.5,

which

also

deal

with

shutdown

cooling

requirements and actions, in case you lose them.
Okay.

Next slide.

mitigate shutdown risk.
appropriate
reactor

action

vessel

Some requirements to

Staff has an issue with the

requirements

level

from

the

to

increase

low

water

the
level

condition in case shutdown cooling is lost for more
than a short time, i.e., before you start boiling the
water in the reactor vessel.
So to clarify what has been proposed by
the applicant in this regard, we have outlined how the
operability requirements increase as reactor vessel
level is decreased.
And so as I go through this list, bear in
mind that if something was applicable in a broader
sense, it continues to be applicable in the lower
levels.

So we are adding requirements as we go down,

not removing any necessarily.
MEMBER KIRCHNER:
MR. HARBUCK:
MEMBER
clarification.

Craig?

Yes.

KIRCHNER:

Just

a

question

of

I was struck by the 1/4 inch, 127 feet
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and 1/4 inch.
MR. HARBUCK:

Based at the top of the

reactor vessel flange is 130 feet and a 1/4 inch.
MEMBER KIRCHNER:
MR. HARBUCK:

Uh-huh.

And you know, actually I use

centimeters and millimeters, I think, but -MEMBER KIRCHNER:
MR. HARBUCK:

Uh-huh.

-- so I don't know what they

started with, if they started with feet and inches or
did they start with metric and then convert and how
closely are they tied together.
MEMBER KIRCHNER:

Well, it just begs the

question during inspection are you within that quarter
inch.

That's -- is there some uncertainty, some

latitude?

I have got the vessel filled 127 feet.
MR. HARBUCK:

That's a matter for the

Chapter 13 folks and their operating procedures, I
would think.
MEMBER KIRCHNER:

Okay.

And do you have

level indications that -MR. HARBUCK:

Well, that has three --

MEMBER KIRCHNER:

-- actually went through

that?
MR. HARBUCK:

-- different kinds of level
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indications for the reactor.
MEMBER KIRCHNER:

Yes.

It's a wide range

and then -MR. HARBUCK:
range.

Yes, and then a narrow

And then they have got a special sonic kind of

measurement when they are down to MID-LOOP situation.
MEMBER KIRCHNER:
MR. HARBUCK:

Yes.

Reading that in percent.

MEMBER KIRCHNER:

Just beam it off the

reflector off the water surface.
MR. HARBUCK:

So it's -- I don't know how

it works.
MEMBER KIRCHNER:
MR. HARBUCK:

All right.

But that's what I have been

told when we had a meeting with them over a year ago,
we were enlightened to that fact.

But there is

nothing automatic that takes place other than alarms,
so those -MEMBER CORRADINI:

So you are going to go

through these, but remind me, so MODE 5 is cold
shutdown?
MR. HARBUCK:

Yes, MODE 5 is less than 210

degrees on the cold leg temperature.
MEMBER CORRADINI:

And pressure could
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vary?
MR. HARBUCK:

Pressure could be whatever

is allowed by the limited curve for that temperature.
MEMBER CORRADINI:
MR. HARBUCK:

Okay.

And you could have a steam

generator above or it could be, you know, open to the
atmosphere.
MEMBER CORRADINI:
MR. HARBUCK:

It could.

And level in the reactor

vessel could be all the way down to the middle of the
hot leg.

You would still be in MODE 5.
MEMBER CORRADINI:
MR. HARBUCK:

let's go down this.

All right.

So it's -- okay.

Thank you.
Okay.

So

The operability requirements:

In MODE 5, safety injection requires to
manually initiated trains.

And this is the control

for operating each pump, I guess, is what is required.
You don't need any of the automatic instrumentation
to initiate it or you don't even need the system level
switches according to what the applicant has told me.
So as long as you have the ability to
start the pumps or get them going, then you are
satisfying their operability requirements.

And again,

they require that they be diagonally-oriented with
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respect to the reactor vessel, I guess over a concern
of a break in a -- I don't know, it may be more that
is necessary, but that's what they require.
Okay.

In MODE 5 with Loops filled, you

also require shutdown cooling, but just one train and
either one -- and it's also one train and one train
has got to be in operation and you either have to have
another train available operable or you have to have
both steam generators with 25 percent level on the
secondary side.
MEMBER STETKAR:
there are only two pumps.

Subcommittee Members,

So in this case, train is

train or division or whatever, so shutdown cooling.
MR. HARBUCK:

Right.

MEMBER STETKAR:

Okay.

This says you have to

have one shutdown cooling -MR. HARBUCK:

Which is not to say --

MEMBER STETKAR:

-- loop operating and

either the other one operable or level in both steam
generators.
MR. HARBUCK:

Okay.

MEMBER CORRADINI:

But shutdown cooling is

this -- this is more, I mean, to clarify what I think
is happening.

There is no low pressure SI which would
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have been where RHR -MEMBER STETKAR:

Right.

MEMBER CORRADINI:

-- the output in the

RHR world it would be both shutdown cooling and low
pressure injection, a separate system.
MR. HARBUCK:

That's right.

MEMBER CORRADINI:
MR. HARBUCK:

Okay.

Fine.

That's right.

MEMBER CORRADINI:

Thank you.

CHAIRMAN SUNSERI:

Although you might be

able to use a containment spray pump for shutdown
cooling in this phase, right?
MR. HARBUCK:

Well, that has been designed

into the system to be able to interchange these two
pumps for the -- for each other's role as long as it's
in the same electrical division, because that's where
the pipes are lined up to valve them back in or out.
CHAIRMAN SUNSERI:

That's -- glad you said

division rather than train.
MR. HARBUCK:

Okay.

MEMBER STETKAR:

Shutdown cooling comes

off one diesel and the spray cool comes off the other
diesel.
MEMBER CORRADINI:

It sounds like a simple

93

plan until you look at it.
MR. HARBUCK:

Okay.

So let's see, so if

you are in MODE 5, but your loops aren't filled, and
this is something they are not sure what that exactly
means, but your level is still above this 127 foot 1/4
inch level, which we referred to based on Generic
Letter

8817,

we

referred

to

it

as

reduced

RCS

inventory.
What the significance of that is, I'm not
an expert on.

And at that particular -- so above 127

feet if the loop is not filled, you are required to
have two trains of shutdown cooling with one train in
operation and then there is no use of the steam
generators as your heat sinks here.
And

then

also

containment

closure

is

required, that means the equipment hatch has to be
bolted up, at least four bolts.
airlock closed.

The one door in the

And most other penetrations isolated

in some way, especially those having direct connection
between the outside atmosphere and the containment or
capable of being isolated by an operable containment
isolation system.
They have a special system for the purge
valves, for the containment system purge valves.

They
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will automatically close on a high radiation signal
from monitors inside containment.
Okay.

Now, if you are above the top of

the hot leg, you have drained down some, an additional
requirement is that you have a containment spray pump
is required and that pump has to be associated with
the shutdown cooling division that is in operation.
Okay.

And then if you are in that loop,

you must have been shutdown for more than 96 hours and
cold leg temperature must be less than 135 degrees to
satisfy analysis assumptions, I guess, for loss of
shutdown cooling in that condition.
Okay.
requirements

for

Next, we have outlined the action
not

meeting

these

operability

requirements as reactor vessel levels decrease.
So in all of MODE 5, if you lose one or
both of your required diagonal trains, manual trains
of the safety injection, the actions essentially just
tell you, besides, you know, restore to operating -operable status, they tell you to reduce cold leg
temperature down to 135.
And then if the loops are filled, and you
have no shutdown cooling operable or in operation, the
actions require you to initiate action to either
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restore the shutdown cooling flow or to initiate a
secondary heat removal, these are using the steam
generators.
If the loops are not filled, but level is
between the reduced inventory level of 127 feet or the
reactor vessel flange of 130 feet, with both SI trains
inoperable or one or both of them inoperable, actions
also require you to initiate action to raise level to
130.
The -- and with no shutdown cooling train
operable

or

in

operation,

the

actions

require

immediately initiating the action to restore the train
to operable status and in operation.
In MODE 5 with loops not filled, but with
level between the top of the hot leg and the reduced
inventory level, 3 feet below the flange -MR. TJADER:
MR. HARBUCK:
shutdown

cooling

train

Slide 17.
Yes, Slide 17.
operable

or

in

With no
operation,

actions also require you to initiate action to restore
level to 127 feet.
And with required containment spray pump
inoperable, because now below 127, you are required to
have this extra containment spray pump, they give you
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48 hours to restore it.

And if you don't get it back,

then you have got to raise the level back up to 127
within

six

hours

and

that

then

takes

away

the

requirement for the spray pump.
MEMBER KIRCHNER:
MR. HARBUCK:
MEMBER

Craig?

Yes?

KIRCHNER:

A

clarification

question.
MR. HARBUCK:

Okay.

MEMBER KIRCHNER:

The last bullet on page

16 and the first one on 17.
MR. HARBUCK:

Okay.

MEMBER KIRCHNER:
shalt not do that.
isn't it by default?

It's almost like thou

How do you get there?

I mean,

The default logic, to me, is to

keep the level at 127 feet or 130 and just I'm trying
to think through how you got yourself in that
position -MR. HARBUCK:

No.

MEMBER KIRCHNER:

-- where you immediately

have to take action.
MR. HARBUCK:

Well, the -- we had some

discussion with the applicant about this and they
rightly pointed out that the Generic Letter 8817
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advises

that

you

immediately

initiate

action

to

restore your shutdown cooling in case you lose it.
MEMBER KIRCHNER:
MR. HARBUCK:

Okay.

And based on that, the tech

specs have protected the standard, too.

In some

places they say immediately initiate action to restore
knowing that if you don't restore it, then you are
eventually going to be in your emergency operating
procedures and perhaps having to rely on your safety
injection pumps that you now require to be operable.
MEMBER KIRCHNER:
MR. HARBUCK:

Okay.

So the tech specs don't get

you out of things too much.

They just offer you

sometime, some remedial actions to minimize the, you
know, risk, I guess, while you are trying to fix it.
And if you can't fix it, then you shut down.
MEMBER KIRCHNER:

Yeah.

It seems to me

though the simpler thing would be just say thou shalt
not be below X elevation, 117.
MR. HARBUCK:

Pick a number, 127.

Right.

But there is certain

elevations that take place during refueling outages
that are required to take the level down to the middle
of the hot leg.
MEMBER KIRCHNER:

More connecting.
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MR. HARBUCK:

Yeah.

And so the situation

-- these are not, you know, long-term conditions.
MEMBER KIRCHNER:
MR. HARBUCK:

Right.

But when they do occur, it's

important to be extra careful because you can boil -start

boiling

pretty

quickly

in

that

time

after

shutdown.
MEMBER CORRADINI:

Is it fair to say this

is a lot more complete than you have seen in the past?
MR. HARBUCK:

This is the first time we

have really seen anyone try to establish a good set of
requirements for shutdown for a PWR.
than the AP-1000 is a different story.

I think other
Okay.

They

had passive systems and so they -- it was more of a
natural fit and it evolved from the AP-600, which was
just like the SYSTEM 80+ back in the mid-90s when
shutdown risk was an issue or shutdown requirements
was being -- even being considered to have a rule for
it.
And somehow a lot of that never made it
into the Standard Tech Specs.
MEMBER CORRADINI:
MR. HARBUCK:

Okay.

But we have been trying to

get these requirements and we are gratified to see
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that

they

have

proposed

a

comprehensive

set

of

requirements here.
MEMBER CORRADINI:

Is it fair to say that

the staff is generally pleased with this?

It sounds

like it.
MR. HARBUCK:

For the most part.

But as

usual, we are always trying to make sure we don't
forego some -MEMBER CORRADINI:
MR. HARBUCK:

Yes.

-- additional margin if it's

there and doesn't cause a significant burden.
And so let me finish this point and then
I'll make a point about that.
Okay.

We are on Slide 17.

And I think we

were down, let's see, yeah, I was making the point
about the containment spray pump.

If you got to

restore it back, otherwise, you raise the level up to
where it's not required.

And then if you are in the--

if the level is down in the hot leg, which is then the
action or the additional action requirements include-well, if you are less than 96 hours, somehow you got
yourself

in

MID-LOOP,

get

out

of

it

or

if

the

temperature is too high, you reduce the temperature.
And so that's pretty much it.
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Now,

the

question

I

have

on

this

particular scenario or listed requirements is when you
have lost all your shutdown cooling and you are below
127 feet and you are told to raise the level up to 127
feet, I don't know exactly what the reason is for that
being significant.

Why not another 3 feet?

You have

already done about 8 or 9 feet if you had started out
in the MID-LOOP situation.
So to me, it just didn't seem to be a good
argument against raising level higher.
for

it

is

that

well,

that's

the

The argument

level

that

is

identified in the reg or the -MEMBER CORRADINI:
MR. HARBUCK:

Generic?

-- Generic Letter.

And so

we are still -- we are going to have a discussion
about that and with the assistance of the PRA Branch
and try to come to a good understanding of what -- is
127 the best place to go or would 130 be better?
There are other actions where it tells you
to go to that Level II, but the situation may be
slightly different and it may not be so much of an
issue.

The issue though is where -- is when you are

below 127 -- well, I'll just say this.
If you are in the maintenance activity in
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MID-LOOP

and

you

have

people

inside

the

steam

generator and all of a sudden you are faced with a
loss of shutdown cooling and you want to restore
inventory to provide yourself some additional water to
extend how long before you start boiling, you have got
to go through some maintenance activities to close -to get people out, close things up and what have you
and if you have to go to all that trouble and then you
raise the level up to 127, what's the big deal of
going another 3 feet?

That's sort of how we look at

it.
And that's -- I think I beat that horse to
death.

All right.

Slide No. 18.

Now, as you can

imagine -MEMBER KIRCHNER:
MR. HARBUCK:

But since you did --

Okay.

MEMBER KIRCHNER:

-- I can jump back in

and I'm just thinking of the logic diagram for all
this.

And I'm thinking isn't there a simpler way to

set these limits?

I know --

MR. HARBUCK:

Well, you know, what --

MEMBER KIRCHNER:

-- I appreciate the

complications.
MR. HARBUCK:

-- it has been -- it is not
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that easy to try to get your head around all these
different

LCOs

requirements.

and
And

so

these
we

have

different

action

--

pretty

we

are

comfortable with the way things are set up at the
moment, other than this one issue about, you know,
what is the appropriate action if you really have lost
your shutdown cooling.
MEMBER KIRCHNER:

Don't forget that 1/4 of

an inch.
MR. HARBUCK:

Well, that's -- well, the

130 feet omits the quarter of an inch.
MEMBER KIRCHNER:
MR. HARBUCK:

Okay.

So it makes it easy.

Okay.

Let's see, now as you can imagine, a discussion of
this -- like this listing the operability requirements
and the actions if level keeps going -- you know, at
just different lower levels could be had in MODE 6 and
it comes up with similar conclusions.
So we find these actions to be reasonable
and the requirements to be consistent with the Generic
Letter.

So kudos to the applicant for that.
Now, I mentioned briefly earlier in the

overview, but I'll discuss it a little bit more now.
And this slide here is we are trying to clarify what
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constitutes a loop filled versus loops not filled.

So

you know when you are in the -- when LCO 3.4.7 and
3.4.8 and 3.6.7 apply, and so this is associated with
open item No. 149.2K.
Now,

the

applicant

considers

the

capability to use the secondary heat sink to be the
determining factor in this distinction between these
two conditions.

But my RCS level or whether the

reactor coolant pressure boundary is intact, which
by that
still

I

mean

are

your

manway

flanges

are

installed.
As long as the steam generator tubes are

full and steam generator secondary side is greater
than 25 percent wide range, that is you have the
ability to use the secondary heat sink, even though
you

may

have

drained

part

of

the

RCS

down,

the

applicant apparently believes that they could -- they
would consider themselves to still be in Spec 3.4.7.
Now, how could that be accomplished?

I'm

told that one way would be to pressurize the system
using a gas as you are draining down.
familiar

with

the

procedures

for

I'm not real

the

activities

necessary for changing level when you are coming out,
going

into

a

refueling

outage,

but

this

is

my
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understanding.
And I'm happy to entertain the -- any
comments that the applicant may wish to add, at this
time, to clarify this situation.
along

with

the

PRA

Group,

But we need to --

which

is

principally

concerned with the shutdown risk issue that we get all
on the same page and in the Bases have a clear
description for these specifications, have a clear
description of what is loops filled and loops not
filled.
Now,

the

standard

tech

specs

is

not

different in this regard in terms of not really
clarifying what it means.
the,

you

know,

trade

I suppose it's just part of
knowledge

of

operating

a

pressurized water reactor.
But in this case, since I'm a little
confused about the answer they gave us, I want to nail
it

down

and

perhaps

this

is

an

improvement in the standard itself.

opportunity

for

So if nothing

else more on that, then we will go on to the next
topic.
CHAIRMAN SUNSERI:

So we are at the end of

a section here and before we start on that new one,
let's take a break here.
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MR. HARBUCK:

All right.

CHAIRMAN SUNSERI:

And we will break until

3:30 and then we will reconvene.
MR. HARBUCK:

Okay.

CHAIRMAN SUNSERI:
MR. HARBUCK:

Okay?

Thank you.

Thank you.

(Whereupon, the above-entitled matter went
off the record at 3:12 p.m. and resumed at 3:30 p.m.)
CHAIRMAN SUNSERI:
going to reconvene, it's 3:30.
the flow here though.

All right.

We are

Just a little break in

In our previous session, we had

a question on the anticipated transient without scram
in

the

procedure

interface,

technical reviewer here.
MR. WARD:

so

we

do

have

the

Is that correct, Bill?

That's correct.

CHAIRMAN SUNSERI:

All right, Bill.

So we

would like to interject that into the discussion now,
so we can have that conversation and/or at least
person back to their other activity.

So, Bill, it's

up to you.
MR. DEMARSHALL:
DeMarshall.

We

spoke

Yes, no, this is Joe

earlier

and

he

heard

the

question from Mr. Skillman, Ms. Rempe about ATWS and
how we reviewed it.

And so we went back and did some

106

research and he is going to give you a little bit more
information it.
CHAIRMAN SUNSERI:
MR. DEMARSHALL:

Okay.

All right.

I am going to thank the

ACRS for allowing me the opportunity to close this out
today.

The EOGs for APR-1400 are, once again, based

on the combustion engineering EOGs.

The ATWS, to cut

to the chase, is covered in the Functional Recovery
Guidelines procedures of the EOGs for APR-1400.
The way that the APR-1400 EOGs work, the
same way that the combustion engineering EOGs work is
-- in the case of an ATWS, that -- we are talking
about

reactivity

control.

Okay.

So

reactivity

control is a safety function.
And the first things that get checked in
the EOGs for these -- for combustion engineering in
APR-1400, they do what they call standard post-trip
actions.

And what standard post-trip actions are,

they prioritize safety functions against acceptance
criteria.
So they -- in this case, ATWS, reactivity
control, there are acceptance criteria for that safety
function.

So any time that the acceptance criteria

aren't met or a contingency action is required within
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the standard post-trip actions, it immediately kicks
you out to, what is called, a diagnostic action where
it is -- which are another aspect of the EOGs.
Okay.

I have got on paper here the

diagnostic actions are basically a flow chart.
I'm

just

going

to

go

down

--

here

reactivity control safety function met?
no.

It says go to the FRGs.

it

And

says

is

The answer is

So you bypass the ORGs,

which was the question before, why didn't the ATWS
show up in the ORGs?

And those are event-specific

design basis events.
The way that -- once you get into the
FRGs, there is what are called reactor -- I'm sorry,
risk assessment trees.
legs.

And they are broken down into

They are basically another flow chart.

legs, each one they are called success paths.

Prior
And the

way you work them, I know everybody can't see this,
but you work them left to right, okay?
There is three different categories for
reactivity control.
insertion.

Okay.

The first success path is CEA

If that doesn't work, then you move

over to the right and you borate with CVCS charging
system.

If that doesn't work, then your third success

point as you borate with safety injection system from
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the in-containment refueling water storage tank.

And

the other option there is you can also borate using
the shutdown cooling pumps with the suction from the
in-containment refueling storage tank.
So this is all covered as it -- same as
covered in the combustion engineering EOGs.
all the paper here.

I have

I can leave that with somebody if

they would like to see that.
MEMBER
follows:

SKILLMAN:

Let

me

respond

as

The origin of my question came from my

review of the safety evaluation Section 13.5.4.2.

And

in that section, the -- you explain the EOGs, the FRGs
and then this statement is made.
diagnosis

is

sufficient.

not

possible

or

"The FRGs event

ORG

action

is

not

Addresses the safety functions of:
Reactivity control, maintenance of vital

auxiliaries, that's vital AC and DC, RCS inventory
control, RCS pressure control, RCS and core heat
removal,

containment

isolation,

containment

temperature and pressure control, and containment
combustion -- combustible gas control."
MR. DEMARSHALL:
MEMBER SKILLMAN:

Sure.
Then there is a series

of bulleted items that leads to the statement that I
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spoke of earlier.
specific

design

And that statement is "APR-1400
features

incorporated

into

the

analysis for the operational trains and accidents that
were used for the EOGs."

That contains a list.

And

that list contains:
Reactor trip LOCA, steam generator tube
rupture, main steam line break, loss of all feedwater
loop, SPO.

And it just seemed given the preamble for

reactivity control, ATWS should have been included.
So I have no doubt that ATWS has been
addressed.
MR. DEMARSHALL:
MEMBER

Right.

SKILLMAN:

But

in

the

safety

evaluation it seemed to me the way the text was
provided, ATWS would have been included in that list.
So my concern is not that this has been orphaned
somehow.

That's not what I'm saying.
What I'm saying is the safety evaluation,

at least in my estimation, didn't pin that down as
firmly as you have in your explanation, Joe.
MR. DEMARSHALL:
MEMBER SKILLMAN:

Okay.

Um-hum.

That's all I was trying

to communicate.
MR. DEMARSHALL:

Could I just take a quick
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second?

Do you have that in front of you right now?
MEMBER

SKILLMAN:

I

absolutely

Actually, it's in the safety evaluation.

do.

And it is

Section 13.5.4.2.
MR. DEMARSHALL:

Okay.

MEMBER SKILLMAN:

I'm going down and here

is the description of what all those key functions
are, which I am very well-aware of.
MR. DEMARSHALL:

Okay.

MEMBER SKILLMAN:
MR. DEMARSHALL:

50 years of this.
I understand.

MEMBER SKILLMAN:

And I'm saying okay,

here is a list and here is the -CHAIRMAN SUNSERI:
interject here.

So, you know, let me

I think we probably have understood

where the requirement -MR. DEMARSHALL:
CHAIRMAN

Sure.

SUNSERI:

--

and

you

are

interested in maybe making any changes or editing the
safety evaluation, I would ask you to maybe get with
Mr./Member Skillman after the meeting and, you know,
maybe -MR. WARD:
carry-on in Phase 5.

Well, I would propose we just
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MEMBER SKILLMAN:

Marking your list and

we'll pick it up as we go.
MR. WARD:

Yeah.

MEMBER SKILLMAN:
MR. WARD:

Okay.

Is where I would be.
So we will just carry it

forward and make sure it is corrected in the next
round.
MEMBER SKILLMAN:

All right.

Okay.

I

just wanted to make sure I understood.
MR. WARD:
MEMBER
clarification.

Did you have another question?

REMPE:

I

appreciate

the

Thank you.

MR. WARD:

Okay.

CHAIRMAN SUNSERI:
MR. WARD:

Thank you.

Thank you.

CHAIRMAN SUNSERI:

Thank you that was very

responsive to the question, so we appreciate that.
MS. UMANA:

Also --

CHAIRMAN SUNSERI:
MS. UMANA:

All right.

-- I'm sorry.

I have a member

from the PRA Branch here if you want to go back and
loop around to Mr. Stetkar's question earlier.
you interested in doing so or should we -CHAIRMAN SUNSERI:

Sure, sure.

Are
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MS. UMANA:

Okay.

MS. POHIDA:

It's Marie Pohida.

Good afternoon.

CHAIRMAN SUNSERI:
MS.

POHIDA:

Good afternoon.

I

wasn't

party

to

the

discussion, so I'm brave.
MEMBER STETKAR:
give you the quick thing.
hadn't read everything.

Yeah, hi, Marie.

Let me

I wasn't aware, because I

What we heard this afternoon

was the phrase part of the technical specifications
for the certified design are risk-informed.
MS. POHIDA:

Risk-informed?

MEMBER STETKAR:
MS. POHIDA:

It's what we heard.

Okay.

MEMBER STETKAR:
clarification.

Okay.

That might require some

In particular, two parts, one is

requirements for pipe snubbers.
MS. POHIDA:

Um-hum.

MEMBER STETKAR:

The other part, which

might be more relevant, is the requirement for barrier
integrity.

Fire barriers and flooding barriers.

And

so my question was well if, indeed, the LCOs in the
certified design technical specifications for barrier
integrity are risk-informed, meaning the times are
somehow derived from the fire and flooding analyses.
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MS. POHIDA:
MEMBER

Yes.

STETKAR:

How

is

the

staff

reviewing the internal fire and flooding analyses to
confirm that, indeed, the PRA satisfies all of the
quality attributes, Reg Guide 1.200 and so on, as you
would do for, let's say, any other risk-informed
application, whether that is, you know -MS. POHIDA:

Your tech specs in 4B.

MEMBER STETKAR:

Tech spec or, you know,

any of the other -MS. POHIDA:

Yes, I understand.

MEMBER STETKAR:
MS. POHIDA:

-- initiatives, you know.

Right.

MEMBER STETKAR:
MS. POHIDA:

NFP-805.

Yes.

MEMBER STETKAR:

Sorry I had to say that,

but -MS. POHIDA:

I understand.

MEMBER STETKAR:

-- so the question is --

and I wasn't aware that there was something called
risk-informed tech specs on this design, so everything
that I have looked at in terms of Chapter 19 has been
under sort of the normal Chapter 19.
MS. POHIDA:

Yeah.
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MEMBER STETKAR:

The staff is reviewing

Chapter 19 and doing selective audits of the PRA to
support that level of review.
MS. POHIDA:

I can --

MEMBER STETKAR:

So now I'll ask you.

What are you doing in terms of reviewing the PRA for
risk-informed tech spec application?
MEMBER SKILLMAN:

And before you just jump

in, identify yourself and who you are with.
MS. POHIDA:

Oh, thank you.

I'm Marie

Pohida with the PRA Group at NRO.
Okay.

First

of

all,

my

review

was

directed toward the shutdown PRA.
MEMBER STETKAR:
MS. POHIDA:

Okay.

So I cannot address the

snubber issues and the fire barrier integrity issues.
I will take that back to my supervisor.
MEMBER STETKAR:

But in principle, I mean,

the example I brought up, the fire barrier integrity
issues do extend to the shutdown PRA -MS. POHIDA:

Yes.

MEMBER STETKAR:

-- because there is a

fire -- there -- to my knowledge, that if it isn't -doesn't exist now, there will be a fire analysis for
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shutdown modes.
MS. POHIDA:

And there was a fire analysis

done for shutdown.
MEMBER STETKAR:
MS. POHIDA:

Yes.

Yes.

MEMBER STETKAR:

And therefore, if I use

the analogy of that door over there -MS. POHIDA:

Um-hum.

MEMBER STETKAR:

-- the allowed time that

that door may be inoperable could differ in principle
during full power versus shutdown -MS. POHIDA:

Absolutely.

MEMBER STETKAR:

-- because of the fire

frequencies and each compartment can be different and
the consequences of a fire in each compartment can be
different.

So therefore, in principle, there might be

a different allowed unavailability time during full
power versus shutdown based on the risk information.
Now, I'll just leave it there, but did you
review

the

shutdown

PRA

fire

analysis

from

the

perspective of does it satisfy the quality attributes
of Reg Guide 1.200 that it would need to satisfy for
risk-informed technical specification?
MS. POHIDA:

I --
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MEMBER STETKAR:

Because that's a much

different kind of review.
MS.
understand.

POHIDA:

Oh,

I

understand.

I

And the PRA that needs -- the quality of

the PRA that is needed to meet that goal is -MEMBER STETKAR:
MS. POHIDA:

Is --

-- different than what is --

we typically review for design certification purposes.
MEMBER STETKAR:
MS. POHIDA:

Correct.

Okay.

I understand the

thrust of your question.
MEMBER STETKAR:

Okay.

You don't need to

answer it necessarily today, but -MS. POHIDA:

I'll take that back.

MEMBER STETKAR:

-- it is going to come

back when we talk about Chapter 19.
MS. POHIDA:
MEMBER
miscommunication.
start this again.

Okay.

STETKAR:

Unless

there

is

Unless there is two loose -- let me
The record can show that I'm

stammering.
Unless the terminology that has been used
by either the applicant or the staff or both is not
very well-phrased in terms of the use of the term
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risk-informed.
MS. POHIDA:

Yes, because risk-informed

has a certain -MEMBER STETKAR:
MS. POHIDA:
with it.

Okay.

Yes.

-- connotation associated

I looked at the shutdown PRA for

internal events, Level 1 and Level 2.

I will take

that back to the shutdown fire reviewer.
MEMBER STETKAR:
MS. POHIDA:

Okay.

Okay.

I thought the question

that was going to be directed toward me is with
respect to tech specs review for shutdown internal
events, is -- what we did is we looked at key insights
from the PRA.
that

says,

And given we have Criterion 4, 5036,
you

know,

proposed

LCOs

should

be

considered for SSCs that are important to operating
experience or PRA, that's how the shutdown tech specs
were reviewed.
MEMBER STETKAR:
MS. POHIDA:

In that context.

MEMBER STETKAR:
MS. POHIDA:

That's --

Yes.

Okay.

MEMBER STETKAR:

Yes.

And from what I

have read of Chapter 19, I can see that directional --
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MS. POHIDA:

Yes.

MEMBER STETKAR:
MS. POHIDA:

-- input.

Right.

MEMBER STETKAR:

And indeed, I can see --

yes, that directional input.
MS. POHIDA:

Okay.

MEMBER STETKAR:

But not the reverse where

the PRA has been used to justify, you know, whatever
it is 30 days or whatever is in the tech specs.
MS. POHIDA:

For the -- yeah, I'll take it

back to my supervisor and the reviewer for the word -the use of the word informed, because that has an -MEMBER STETKAR:

That may affect though

the tech specs reviewers -MS. POHIDA:

-- additional connotation.

MEMBER STETKAR:

-- because they are --

CHAIRMAN SUNSERI:
MS. POHIDA:
MEMBER

We are hanging on that.

Okay.

STETKAR:

I'll

talk

to

you

tomorrow.
MS. POHIDA:

Okay.

MEMBER STETKAR:

But I just wanted to make

sure that I hadn't misunderstood things, because I
certainly

would

look

at

the

PRA

and

its

review
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differently if I knew it was being used for a riskinformed

application

as,

I

think,

we

normally

understand that terminology.
MS. POHIDA:

Okay.

MEMBER STETKAR:
MS. POHIDA:

I understand.

All right.

All right.

CHAIRMAN SUNSERI:

Are we good?

MEMBER STETKAR:

Thanks.

CHAIRMAN SUNSERI:
MR. HARBUCK:

Thank you.

Thanks, Marie.

Yes, thanks.

Thanks for your response to

this to our -- to their question there.
MS. POHIDA:

Oh, it's my pleasure.

CHAIRMAN SUNSERI:

All right.

get back into the Chapter 16 review.

So let's

Just Craig, Bob,

we're ready, back to you guys.
MR. HARBUCK:

Okay.

So we were done with

the mitigating shutdown risk discussion and we will
move

on

to

requirements

to

preclude

or

mitigate

inadvertent reactor coolant boron dilution.
Well, in addition to the neutron flux
monitoring function in MODES 3, 4 and 5 of Standard
Tech Spec 3.1. -- 3.3.13B and in MODE 6 of Standard
Tech Spec 3.9.2, which have been retained in the APR1400 specifications, the genetic tech specs include
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new specifications related to boron concentration.
3.3.14, the boron dilution alarms is meant
to alert operators of a possible dilution event in
MODES 3, 4 and 5.

And sort of inherent in that is

that you still have forced flow.

There is flow in the

reactor coolant system of some type.
MEMBER SKILLMAN:
ask you.

Craig, I would like to

How has this issue been handled in the past?

I think I recall locking valves into -MR. HARBUCK:

Correct.

MEMBER SKILLMAN:

-- on the B&W side

making purification.
MR. HARBUCK:

Yes, that is --

MEMBER SKILLMAN:
MR. HARBUCK:
of the solution.
same thing.

We had chain and lock.

Yeah, that is certainly part

But every -- not everyone does the

And some of it, I suppose, depends upon

what you have analyzed for or demonstrated.
There is guidance which, I think in the
SRP, talks about how much time you could allow an
operator once they become aware of the ongoing event
to take action to terminate it.
MEMBER SKILLMAN:
handled in the past?

But how has it been

That's my real question.
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MR. HARBUCK:

In what sense?

MEMBER SKILLMAN:

I mean, well, this is

not a new item.
MR. HARBUCK:

No.

MEMBER SKILLMAN:

Anybody who runs PWR

knows if you have a charging pump that is drawing
water from say a demineralized water tank or you have
-- when your -- when the head is off and you are
below, you know, atmospheric pressure or 25, 30 psi, a
demineralized

water

pump

that

might

be

doing

a

backfeed into a portion of CVT, chemical and volume
control or making purification, you can get this long
slow unrecognized de-boration.
And if the water temperatures are great
enough, you can get stratification.

I have this

coming from really -- from a really cold source and
all of a sudden you say you know what, I'm -- I've got
a neutron count I don't understand.
So I mean, this is not something that is
new by any means.
handled

in

the

So my question is how has this been
past?

Well,

what

has

been

the

prevention for inadvertent blind -MR. HARBUCK:

Well, am I -- I mean, I

suppose what you mean is what has been done in terms
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of provisions in the standard -MEMBER SKILLMAN:
MR. HARBUCK:

Tech specs.

-- tech specs?

MEMBER SKILLMAN:

Well, like you say it's

an open item.
MR. HARBUCK:

And the ones that are --

those three requirements right there are what has been
depended upon, but it's not a uniform -- but in terms
of individual plants that are operating, they may have
a variety of variation.
variations for that.

You know, there may be

I'm not familiar with all of the

different ways, but -MEMBER CORRADINI:
understand your answer, sir.

Can I -- I'm trying to
Are you saying that you

are still trying to get the information to understand
how they deal with the four things or what they have
suggested?
MR. HARBUCK:

Um, they --

MEMBER CORRADINI:
MR. HARBUCK:

I'm not understanding.

I bring up the issue because

they have added additional requirements over what we
normally see.
MEMBER CORRADINI:
MR. HARBUCK:

Okay.

And there are some aspects
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in their responses that are a bit -- maybe need to be
clarified, but there is also an open item from -- and
it

was

mentioned

earlier

in

the

applicant's

presentation about concern over mixing and it was part
of the analysis or what, I'm not sure.
But essentially, they proposed, in terms
of that issue, Specification 3.1.12 to require:
If you don't have any forced circulation,
your reactor coolant pumps are idle;
That

you

would

close

off

your

de-

mineralized water source, so that you wouldn't be able
to do that to have an event.
I don't know if that -- I think what is
going on here is a balance between either mitigating
the event or preventing it.

And as you still have

this boron dilution alarm system that is going to be
there if you still have forced flow in the shutdown
modes, but in case you don't, then the analysis -- I'm
not sure what the issue was, but the -- what I think
is

on

the

table,

this

by

the

way

3

Specification 3.1.12 is sort of a draft.
hasn't been formally submitted yet.

--

this

It still

Is that right?

We have been talking about it with the Reactor Systems
Branch.
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I'm presenting it here as if it's -- this
is what the solution is going to be.
at the draft.

It seems to be fine.

We have looked

And this is a way

of addressing the issue.
MEMBER SKILLMAN:

Well, I guess the reason

I'm raising the subject, Craig, is it seems as though
this is a new and open item.

And I could understand

it's an open item for this design certification, but
it certainly is not a new item.
MR. HARBUCK:
what did I do with it?

No.

I think, let's see,

Okay.

Yeah, I think when I

saw new requirements, I mean this is stuff that we
don't normally see in the standard.
in the Standard Tech Spec 1432.

I mean, it's not

Those four LCOs are

not there.
And so it's not that LCOs similar to those
have not been used, have not been included in other
plant tech specs in the past.

It's just that they are

not in 1432 in the CE standard.

That's really all I

mean by new for requirements.
MR. SAM LEE:

Craig?

MR. HARBUCK:

Yes, Sam?

MR. SAM LEE:

I have a question.

MR. HARBUCK:

Go ahead.

Yes, come on up.
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MR. SAM LEE:

Yeah, my name is Sam Lee.

Oh, it's on?
CHAIRMAN SUNSERI:
MR. SAM LEE:

Yes.

My name is Sam Lee.

I'm a

tech spec reviewer for the section that have this
issue raised.
Basically, the issue is relating to we are
mixing in the mode at ICP-120, so the chapter, the 15
--

the

Chapter

15

that

do

the

boron

dilution,

traditionally they rely on the auto -- the operator
action to terminate it, depend on the alarm coming in
either through the instrumentation, the new -- the
nuclear instrumentation that provide the alarm.
And then the operator will respond to it.
So the time -- there is a time element in there that
that operator will need to have at the time that they
receive the alarm to the time they do termination.
So
resistance

traditionally,

that

during

the

there
shutdown

is

a

horizontal

situation

that

rely on shutdown cooling consistent among the no RCP
running, they still have an initial -- there is a
well-mixing within

the

RCS

system.

And

then

the

control room, the control room operator will receive the
alarm through the instrumentation alarm only.

And
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they have enough time to terminate it.
For KHNP, the analysis assumed that the
operator will have a certain time to terminate it.

So

the question from the staff saying that, okay, is
the system -- is the RCS been well-mixed just using
the shutdown cooling water?

And I believe the answer

from the applicant was no.
So they cannot use the operator action to
terminate it based on the alarm only.

Say alarm from

the system that provide alarm from the boron dilution
alarm or the instrument, the nuclear instrumentation
that

provide

in

the

--

provide

through

the

instrumentation.
So for KHNP, the issue was the volume is
not well-mixed, so you cannot create it, the alarm.
You cannot say that you received the alarm, because
there is some assumption the alarm -- the assumption
the alarm to provide the indication was -- had to be
well-mixed.
The analyst have to prove that it was
well-mixed.

And KHNP came back and I don't believe

that they said that they can do that.
MEMBER STETKAR:

If you were to look at a

currently operating combustion engineering power plant
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in the United States today during shutdown when the
reactor coolant pumps are not running, would you have
the same question?

That's a yes or no question.

I

don't need an explanation.
MR. SAM LEE:

I cannot speak for the

specific plan, because the specific plan will have an
analysis to provide it there within RCP running, the
RCS is well-mixed.

This was a plant-to-plant design.

For KHNP, they cannot provide analysis that was wellmixed.
MEMBER STETKAR:
MR. SAM LEE:

Okay.

Thank you.

So it's not a new issue.

It's just KHNP in this case that the credit they use
in the Chapter 15 is not support their conclusion.
MR. HARBUCK:
on this.
despite

Okay.

Just one last point

The Specification 3.1.8 is there in case
your

having

isolated

--

be

in

MID-LOOP

operation and your isolation somehow doesn't work and
you get an inadvertent dilution, this LCO limits the
charging flow rate to that which an analysis that has
been done or a documented Chapter 15 shows that the
flow rate is what the analysis is showing, 150 gallons
per minute.
So that's the purpose of 3.1.8.

It -- and

128

we

viewed

it

as

beneficial

experience perspective.

from

an

operating

Okay.

The next topic is the Reactor Trip System
and ESFAS Surveillance Requirements.

Now, when you

look at the tech specs, we see a number of defined
surveillances for instrumentation.

These don't really

change whether you have analog or digital portions of
our system, of your instrumentation system.
And

so

it's

important

to

know

the

description of the testing in the DCD how these
defined surveillances correlate in each -- in which -and the pieces of each of the instruments loops, you
know, what comes under each kind of test.
And so we made a stab at doing that
ourselves, but really couldn't complete it.
asked the applicant to do it for us.
provided a response.

So we

And they

And we are still looking at

that, but there were a number of things which we are
still reviewing.
We've got -- we need to make sure we get
buy-in from the I&C Group, which has looked at it, but
we need to close the loop on that.
I didn't go into any discussion about what
some of these tests in the DCD are versus what tests
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correspond to tech specs, but that list has been
provided and we are pretty well-satisfied with it.
Then again, we are still looking at it and may need
some additional clarification.
Let's see, okay, continuing on on Slide
21, this is something that was brought up earlier.

We

have ESF components grouped into subgroups and there
is this note in the surveillance requirement 3.3.6.2,
which is the ESFAS actuation logic test.

And this is

the -- the quotation is "Subgroup of Actuation Logic
channel A, C and B, D shall be tested on a staggered
basis."
This note does not exist in the standard
tech specs.
note.

And I'm not real sure how to read that

The basis describing the note doesn't help much

either.

So we asked them to give us a list of their

actuated components, what they are powered from, what
train they are in, which division of the actuation
logic governs their initiation.

And also what's the--

what are the subgroup designations?
You know, what is the numbering scheme you
have or labeling scheme you have?

And that, too, was,

I believe, provided except that I haven't been able to
figure out how to read it yet and have been too busy
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to talk to them about it.

But we will get to the

bottom of that and that's really all the issue is
here, just to make sure that we understand what the
design is.
And as -- and this information also helps
us to do some checks to make sure that what they are
claiming about the redundancy independence and what
have you is valid.
MEMBER SKILLMAN:

Craig, I'm going to ask

you, you just basically communicated you are aware of
this information.

You really haven't been able to get

to the bottom of it, but you have written a safety
evaluation.

Am I missing something?
MR. HARBUCK:

I don't have -- there are

aspects of this which still need to be looked at and
clarified, but -MEMBER

SKILLMAN:

Are

the

open

items

Well, this is open.

These

identified in the safety evaluation?
MR. HARBUCK:
are open items, yes.
MEMBER SKILLMAN:

Are they identified in

the safety evaluation?
MR. HARBUCK:

Yes, yes.

MEMBER SKILLMAN:

Okay.

All right.
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MR. HARBUCK:

I mean, I list the open

items right there on the slide.
All right.

So okay.

So we'll go on from that to

another issue which I thought was -- might be of some
interest and it raises an interesting situation in
terms of how tech specs work.
And back 10, 15 years ago, Palo Verde
upgraded

the

Control

Element

indicators

to

Core

Protection
Assembly

Calculator
Calculator

their

position

instead of having just two of these

computers, having two per channel.
of 8.

or

So for a total

And I guess the thinking is that if you have

failures

within

the

circuitry

or

the

internal

modules of these, it would only affect one channel
most likely.It didn't prevent the issue if you had a
rod position indicating going bad that it would affect
some of your rod -- affect multiple CEACs since each
rod only has two position indicators on it, so you
have two to work with.
bit

more

reliability

But it does afford a little
in

the

system,

more

fault

tolerance, I guess.
So they changed the action requirements
when they did this in the tech specs to allow you to
take a different action than what had previously been
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authorized, which is basically manually do what the
CEAC was doing, which was to take a look at what your
actual relative positions in your various rod groups
were and determine what penalty factors needed to be
inserted and do that manually.
As a simplification, it was proposed and
accepted by the staff that you could say well, instead
of -- if only one CPC channel is affected, instead of
doing these other actions, recommend that you declare
the CPC inoperable, thereby invoking the actions of
the LPD and linear power density and the DNBR trips in
Specification 3.3.1, which allows you to place an
inoperable channel in trip or bypass.

The thinking is

you would put it in bypass still retaining a 2 out of
3 fault tolerant logic scheme in your combustion
logic.
As -- and so that would be a little bit of
a less burden.

And because likelihood of affecting

just one channel now increased because the CEAC may be
able to affect fail and affect only one channel.
The question that arises is if other CEACs
fail in other channels, now if it's in the same
channel, you could -- it's still only going to be
affecting one of the instrumentation channels for that
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-- for those trip functions and, therefore, you are
still in the 2 out of the three on those trips.
But if it affects more than two, then
maybe it's not such a good idea to go to the other
LCO.

Well, I got to thinking if you had taken that

option to go to 3.3.1 and you are operating with one-with your LPD and DNBR channel in bypass, and then
another CPC channel is affected in some manner, it
could be advantageous to say well, technically, the
CPC

is

still

operable

even

though

the

CEAC

was

inoperable.
I only declared it inoperable because it
was

sort

of

a

convenience,

but

since

I'm

still

operable, I'm going to say nope, CPC is operable and
I'll do the manual actions that were prescribed by
them.

And so there are some questions about -- and

these actions all, for the most part, allow you to
operate with one or two CEACs inoperable indefinitely
because they are -- that's just how it works.
If you do these other measures of manually
checking your shutdown margin, manually checking your
rod positions and that sort of things, then it enables
you to keep operating.
applicant.

So I raised this issue to the

I raised it to my colleagues.

I talked to
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people about it who may have an opinion and haven't
quite come to a real conclusion about tech spec
mechanics, but in this particular case just from a,
you know, practical standpoint, it seems that we have
come to some understanding that if the situation were
to arise at more than two CPCs or more than one CPC
channel is impacted by CEAC inoperability, that most
likely you would stick with the previously-prescribed
actions and not take advantage of this other one.
However, every situation is different and,
you know, you would have to decide on a case-by-case
basis.

But we don't have any issues with the action

requirements themselves and we have this issue open
because I would like that this will be appropriate for
the Bases to explain who is deemed appropriate to do
one path of action as opposed to the other instead of
doing the -- what has been done in the past.

So

that's what that issue is about.
And I have nothing more to add.

If you

have any questions?
MEMBER SKILLMAN:
MR.

HARBUCK:

Okay.
The

next

topic

is

--

revisits one of the items that was mentioned by the
applicant earlier on the Auxiliary Feedwater System.
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And I sort of -- I mean, in some respects you could
think

of

the

auxiliary

feedwater

think about shutdown cooling.
train or two divisions.
but having a piece

of

one

system

like

you

It's -- there is two

And one division will do,
division,

but

with

the

wrong steam generator is not going to help you.
And so I got to thinking well what is the
appropriate -- and I'm not going to read the slide
here that outlines the design, but you know, what
would be the appropriate action requirements?

And

there was a question about well, the standard allows
you to have seven days if one of your two steam
supplies to your single AFW pump turbine is inoperable
and that's true, but, in that design, you also are
able to feed either steam generator.
And

so

I

was

involved

generic change to the standard.
it was either, 3.12 or 4.12.

in

the

actual

It was TSTF, I think

I can't remember.

But

where it was seen as a small likelihood that you would
ever get in the situation where you failed the steam
supply in one steam generator and, therefore, you lost
your -- well, okay, let me back up.
Okay.

So you are in the action statement

and now you have a fault of the steam generator that
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is supplying the remaining steam supply to your pump.
So now you have lost your AFW pump.
right slide?

Are you on the

Okay.
Okay.

Here we go, Slide 24.

And now the

-- and so if you have a motor-driven pump that can
feed its respective steam generator, then you are
still capable of surviving the loss.

And so you say--

but not an additional loss, so you basically have lost
redundancy.
Well,

the

bottom

line

is

that

the

situation in the standard doesn't really apply here,
because it doesn't really matter what the mode of
power is.

The steam generator that is being fed by

the turbine pump is the one that supplied the steam
and that's the only place that gets it.
Okay?

So we don't think the seven day

completion time that is in the standard would apply in
this

case

and

we

think

that

72

hours

would

be

appropriate for having this one pump inoperable and
the one associated with one steam generator or one
division or having one pump out in each division, that
also results in the worst case scenario.

It results

in still having the ability to feed the remaining
steam generator.
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If you have both pumps out in -- that feed
one -- feed the same steam generator, however, the
event could render you having no secondary heat sink,
so we are questioning whether 72 hours is appropriate
for that situation or whether there should be a
shorter time and we still need to engage with the
applicant further on that particular issue.

And so

those are the items that are listed there.
I would also like to bring up and if we
still have available to look at -- I think there was
an

AFW

drawing

presentation.

provided

in

the

applicant's

And so you will see on that drawing

that it appears that you possibly could go backwards
and these are like condensate storage tank fillers to
the pump.

You could use that line somehow to feed one

train from the other trains or divisions tank.

But

there are some check valves in there, I believe, that
are going to interfere with that and so I'm not sure
that the assertion that you could, you know, switch
off these two tanks for either train is correct.
And I'm not sure that cross-connecting the
two tanks would -- under -- as you can see from the
line down to the left of that drawing, I'm not sure
that that's going to help you that much anyway,
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because the two tanks would then maintain the same
level.

At some point, it becomes a question as to

whether you will be able to fulfill the function.
And
about.

that's

really

what

that

issue

is

Oh, I think we have someone from the -- who

wants to say something from the KHNP.
MR. J.H. SEO:
speak

in

--

I

work

Thanks for the honor to

in

the

KEPCO

Engineering

Construction Division for Mechanical Engineering.

And

I am responsible -MR. HARBUCK:
MR. J.H. SEO:

Your name?
-- engineering for aux

feedwater system.
MR. HARBUCK:
MR. J.H. SEO:
Jeong Hwan Seo.

Okay.
My name is Jeong Hwan Seo.

But shortly you can say J, H. Seo.

MR. HARBUCK:
MR. J.H. SEO:

All right.
And what -- my comment.

I

have two comments.
MR. HARBUCK:
MR. J.H. SEO:

All right.
The first one is about the

aux storage -- aux feedwater storage tank.

You

mentioned something about the check valves, but we
don't have check valves.

Exactly speaking, we have
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developed

number

memory is correct.
valves.

1162

and

1163,

I

guess,

if

my

We have those two locked closed

So if you manually open those, you can

connect -- you can back up the aux feedwater source
from one tank to another tank.
MR. HARBUCK:
MR. J.H. SEO:

So there --

Are those -- is that the --- is no check valves.

That's my first comment.
MR. HARBUCK:

Is that the -- it becomes

MR. J.H. SEO:

For the -- we don't have --

sight line?

we have condensate storage tank, but it is another
backup.

In our APR-1400 design, aux feedwater storage

tank is another safety design storage tank.

And

condensate storage tank is non-safety, but we can
provide the backups to water for the aux feedwater
storage tank.
MR. HARBUCK:

Okay.

Well, I was just

noticing that it was the supply from each of the tanks
to each of the divisions that is connected to the line
from the condensate storage tank and that line is the
one you would use to supply the opposite division.
I correct on that?

Am

Or are you saying you are relying

on the cross-connect between the lower portions of the
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tanks that have this couple of manual valves in
that line.

Is that what you are referring to?
MR. J.H. SEO:
MR.

question

I

Exactly.

HARBUCK:

might

--

Yeah,

we

are

well,

not

connection would solve the issue.
MR. J.H. SEO:

Okay.

sure

that's

the

that

that

Okay?
We look forward to

have discussion with the staff for that.
MR. HARBUCK:

Thank you.

MR. J.H. SEO:

Yes.

MR. HARBUCK:

Thank you for that.

Okay.

Let's see, is there anything I left out?
MEMBER KIRCHNER:

Just to clarify, so the

previous standard tech specs required -- specified the
72 hour interval to correct this.

And so assuming

they convince you of this cross-connecting and there
is no issues that you then one can go to, what, are
they proposing seven days?
MR. HARBUCK:
have seven days.

Yeah, they are proposing to

And I mean one reason for that would

be you would -- you have had mitigating action to line
up the other tank or another source.

And that would

be part of the reason for being able to allow that.
And so once we are convinced that that can be done, I
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suppose we would be able to consider the seven days.
MEMBER KIRCHNER:
MR. HARBUCK:

Thank you.

Yes.

MEMBER SKILLMAN:
MR. HARBUCK:

Okay.

Craig, let me ask this.

Okay.

MEMBER SKILLMAN:

I'm skimming through

tech specs right now, the APR-1400 Tech Specs.

And

the wording of your first bullet, I'm asking you to
verify

that

it's

accurate,

that

first

bullet

communicates that it is the seven day completion time
to restore the steam supply.

I believe the spec was

for the aux feed system.
And here is how I get there.

I believe

this tech spec has been around for ages and was based
on the early experience operators were having with
Worthingtons and with Terry Turbines.

And the seven

day was the same as the diesel engine and that was to
give time to repair.
MR. HARBUCK:

Okay.

MEMBER SKILLMAN:

And so now if it's

really a steam system, I'm looking for it right now,
then I'm off-base.

But if it was for the whole

system, then I would ask whether or not KHNP has
bought into the idea of giving up the seven days?
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Because that seven days can prevent a shutdown if you
have got to do a repair.
And so the duration of out of service
needs to be acceptable in terms of risk.

But if the

purpose of the time clock is to enable repair, then
three working days is really short, because you might
have to get parts.
MEMBER KIRCHNER:

Because turbines take

longer to repair?
MEMBER STETKAR:

How many turbine-driven

auxiliary feedwater pumps did the standard combustion
engineering technical specifications have?
MR. HARBUCK:

How many?

One.

MEMBER STETKAR:

Okay.

How many does this

one have?
MR. HARBUCK:
MEMBER
different.

Two.

STETKAR:

So

the

design

is

So therefore there is no reason to believe

that a single one, you know, should be considered the
same way in this design as it was in that other
design, a completely irrelevant plant.
For each steam generator, this plant has
one turbine-driven pump and one motor-driven pump for
each of its two steam generators.

In the standard

143

design, the plant had three total pumps:

One motor-

driven to each steam generator and a turbine-driven
that was shared between the two.
different design.

It's a completely

You might as well pick up, you

know, a BWR set of tech specs.
Forcing

these

tech

specs

emulate a different design is irrelevant.

to

somehow

It might be

relevant for areas where the designs look the same,
but it isn't relevant for areas where they don't.

So

you know, and that works both ways, by the way.
MEMBER SKILLMAN:

John, I understand your

words, but I'm not aligned with you.

If the purpose

for the tech spec is to enable a repair, then the tech
spec has to stand on that basis.
MEMBER STETKAR:

My philosophy is the

purpose of the tech spec is to minimize risk.
MEMBER SKILLMAN:
MEMBER STETKAR:
MEMBER SKILLMAN:
MEMBER STETKAR:
a repair.

I concur with that.
Okay.
Yes.
That's not to facilitate

If I wanted to facilitate a repair, I would

have 300 days in there and still -- our tech specs at
Zion allowed one pump in our component cooling water
system that was shared between both units, five pumps
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total, to be out of service indefinitely.
One pump when I was there, I can say this
now, was out of service for 15 months.
violate the law.

It wasn't very safe.

We didn't
But so you

have to be careful.
MEMBER SKILLMAN:

But that's dandy.

But

what I'm saying is if the purpose for this tech spec
is to enable a repair and that repair is acceptable in
risk space, then the seven days might be the right
number, that's all I'm saying.
MR. HARBUCK:

Yeah, and I think what John

is saying -MEMBER STETKAR:

That's independent from

the inoperable steam supply.
MEMBER SKILLMAN:

Right.

But we have to

be careful that we are not comparing apples and
oranges.
MEMBER STETKAR:

And the steam supply is

different though because in the other design I have
two steam supplies to one turbine.

So if I take out

one steam supply, that turbine is still operable.
MEMBER SKILLMAN:
MEMBER STETKAR:

Got that.
In this place, if I take

out a steam supply, I'm minus -- I don't have a
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turbine.

It doesn't make any difference.
MEMBER SKILLMAN:

It depends on what the

emphasis is on the syllable.
MR. HARBUCK:

Right.

MEMBER SKILLMAN:

That's the only point

I'm making.
MR. HARBUCK:

Okay.

I understand what you

are saying and I think risk can be applied to try and
find a basis for relaxing these action requirements.
But until we have that, we are going to go with the
standard times for loss of redundancy and loss of
function.
MEMBER STETKAR:
what's loss of redundancy?

Well, but the key is
Because in the standard

design, I have lost a diversity and a redundancy if I
lose the one and only one turbine-driven pump.
In this plant, I have lost one-half of
redundancy and one-half of diversity, if you will, if
I lose one turbine-driven pump.
MR. HARBUCK:

Yeah, I'm not familiar with

the -MEMBER STETKAR:

The -- but just think --

backup to the functional, forget risk assessment and
things like that.
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MR. HARBUCK:

Okay.

MEMBER STETKAR:

I'm losing a different

concept of diversity and redundancy when I take away
either one motor-driven pump or one turbine-driven
pump in this plant in the APR-1400 compared to the
standard

design

just

functional

redundancy

or

diversity, however you want to characterize those
things, if I took away one motor-driven pump or one
turbine-driven pump in the other design.
So in that sense, you know, in my mind you
need

to

think

about

those

things

a

little

bit

differently.
CHAIRMAN SUNSERI:
have got this one.

Let

me

Habitability

make

I think you understand that

sure.

Room

Conditioning System basically has two divisions.

Did

a

drawing

presentation?

of

Heating,

Control

Air

have

or

Okay.

Ventilation,

we

System

I think we

Let's move on.

MR. HARBUCK:
one.

All right.

that

system

in

this

last

I know there is one in the Chapter 6

presentation.

that up?

MR. TJADER:

I don't think so.

MR. HARBUCK:

If -- is it possible to pull

It would surely make the discussion easier
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to understand.
MS. UMANA:

Chapter 6?

MR. HARBUCK:
MS. UMANA:

Yeah.
Ours or --

MR. HARBUCK:

The applicant's application

has a diagram of the control room.
should be on that one.

There we go.

We

There we are.

CHAIRMAN SUNSERI:

Now the question is can

you see it?
MR. HARBUCK:
how the system works.

Okay.

So this is discussing

First, in order to understand

what the questions are we have posed, you will notice
at the top of the drawing there is two separate
outside air intake structures and in those are your
control and emergency ventilation actuation system
radiation monitors.

And then there is a couple of

dampers and then you have your flow paths going down
to a set of isolation valves.
ventilation flow path.

And that's your normal

It does straight to your air

handling units, which do your humidity and temperature
and cooling controls.
And the air cleaning units, which are at
the bottom of the drawing, play no role during normal
ventilation.

But in the event that the radiation
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signal

has

actuated,

the

intake

with

the

lower

radiation signal will realign and but it will end up
feeding to the -- whichever air handling unit, there
is four of them, two in each division, whichever air
handling unit was currently operating the associated
fan in that divisions air cleaning unit will start.
And then the valves, the dampers will open
and then you will have the flow path that involves
feeding air through the filtration after it comes out
of the control room as well as going -- and then going
back to whichever air handling unit and back to the
control room.
And so but you have four different diesels
supporting these fans.

And so we talk about having

two trains or two fan trains in each division, but
there is act -- there is two fan trains for the air
handling units.

There is two fan trains for the

emergency ventilation filtration.
Okay.

And then at the bottom you have an

exhaust fan and some valves for smoke and then there
is another one for something else.

But I think that

pretty well tells you how the system works.
So if on the CREVAS signal if something
went wrong with the operating air handling unit or its
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associated air cleaning unit, the system is set up
with an interlock so that the other division would
then start.

There would be a designated pair, you

know, the air handling unit, air cleanup unit pair at
that fan train would then start.
And

so

my

question

was

whether

that

requirement for the other train to start should be a
requirement for operability for that train because if
your single failure in your event was the operating
train, then you would want to be able to rely on the
other one to start.
Well, the argument comes back from the
applicant

well,

the

operators

will

have

time

to

manually do that, but then I have to ask the question
well, in the ground rules for doing accident analysis
and responding to events, how long is the operator not
credited to take any manual actions after an event and
does it apply in this case?
I don't know the answer to most of these
questions.

I know what I would like to think, so this

is the issue that we have to nail down with the
applicant and with the support of the Containment
Ventilation Branch.
Any questions about that?

Okay.

Okay.
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You know, just one other thing that is in the side.
There

are

two

essential

chilled

water

divisions

required by an LCO and each division supports one of
these divisions.

But so you don't have separate water

sources to provide the cooling for the air handling
units to keep the air temperature down.

So you don't

really have completely independent trains in your
divisions.
All right.

The next topic is one that

comes up every design cert and it presents some
challenges

and

that

is

the

accident

monitoring

instrumentation, which is what is referred to, but
normally

we

hear

it's

labeled

Post-Accident

Monitoring, PAM, but in this design they use the
phrase AMI, so we will do that.
And essentially, there was a split report
for which LCO should and shouldn't be in the tech
specs way back when in '88 or '87 time frame.

Maybe

it was '88, right, Bob?
MR. TJADER:

Yes.

MR. HARBUCK:

And in there is a discussion

of what tech spec should have concerning post-accident
monitoring instruments.
slightly

the

letter

And although we have changed
designations

of

what

these
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instruments are, the old labeling and the new labeling
means that the new labeling Type A, B and C variables
are supposed to be in the tech specs.
And the evaluation of that is as stated.
If it's a Type A variable it's one that is relied on
by an operator to perform manual actions that are
credited in the transient safety analysis.
The Type B and C variables are needed by
the operator to implement the emergency procedures and
be able to properly monitor what is going on with the
plant.
So then it falls down on us that we need
to

look

at

the

EPGs

or

something different here.
they call them?

I

guess

they

call

them

AO -- EOGs, is that what

I don't know.

But so we are

dependent upon the Instrumentation and Control Branch
at NRO to satisfy themselves that they have adequately
identified the variables that need to be labeled Type
B and C and in conjunction with the -- maybe also for
Type B and C with Reactor Systems Branch and looking
at the accident analysis, look at what needs to be
Type A variables.
And the list that they end up with in
Section 7.5 of the DCD needs to be the tech spec list
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that is required by the LCO needs to be consistent
with that.

Meaning they need -- they should be the

same list.

Right now, they are not.
So we are happy to write that this is an

okay spec as soon as they give us the list that they
say is okay, but until then it's an open issue.
All

right.

Setpoint

Limiting Safety System Settings.

Methodology

for

There are three

documents listed on Slide 27 which have to do with
various aspects of the determined setpoints for the
given set of reactor trip and ESFAS functions and also
ESFAS functions which are characterized as balance of
plant ESF functions.
And so we have had an ongoing audit of the
setpoint methodologies.

And if Joe Ashcraft would

like to say something about that just to fill in the
gap here, I would appreciate it.

What the status is

and what we are going to do moving forward.
MR. ASHCRAFT:
I&C staff.

This is Joe Ashcraft, NRO,

So earlier there was a question maybe as

far as the methodology or I can just give you a status
of what is going on.
So I'm not the original reviewer of the
setpoint methodology.

There was another member and he
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had written several RAIs which are still open.

So at

this time, we are resolving with KHNP some of the
issues.
MEMBER

STETKAR:

Is

that

setpoint

methodology in the context of Chapter 7 or this stuff?
MR.

ASHCRAFT:

Well,

so

the

setpoint

methodology -- well, so they have a CPC methodology,
setpoint

methodology

and

then

they

also

have

an

uncertainty methodology which more or less is not even
a methodology.
But

It's Part 2 of 6704.
essentially,

yes,

the

setpoint

methodology is tied to Chapter 7.
MEMBER STETKAR:
MR. ASHCRAFT:

Yes, okay, okay.

MEMBER STETKAR:

But it does feed into --

MR. ASHCRAFT:
Program.

Oh, sure, yes.
-- the Setpoint Control

So at this time, actually, I had raised some

issues and we are resolving them, at this time, with
KHNP.

And I would like to say everything is going to

be rosy, but we will get there.
And the CPC methodology there was one RAI
that was open and I think we have established a path
forward, so that one is fine or should be fine once we
get the revised.
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MR. HARBUCK:

Joe, could you elaborate at

all whether my short list of key issues is correct?
Can you see that?
MR. ASHCRAFT:

Okay.

Yeah, I was -- okay.

So looking at your short list here, the first one,
I'm going to say that is still an open item.

I

thought I had it resolved with some of my questions in
their answer, but while I was sitting here listening
to some of this other stuff, I started looking back so
that -- what is considered AV and what the margin is
from AV, in my mind, is still an open item.
The statistics for combined uncertainties,
that really points to that, I guess it's the second
bullet which is the uncertainty methodology, which is
effectively Part 2 of 6704.

The NRC doesn't endorse

that, therefore, you know, we are not really reviewing
that.
But I'll say I don't think there will
probably be any issues, because it seems to be in line
with Part 2, but it's just not something that we
consider as part of the setpoint methodology.

So when

it -- and it talk -- so the methodology that we are
reviewing will talk about how they combined statistics
for combined uncertainties, whether it be statistical
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or bias or whatever.
But then this other document that we are
not reviewing would be in more detail how they would
do it for each individual uncertainty area.
So and every plant, I mean, they pretty
much all follow this Part 2, but like I said the NRC
never endorsed that.

It's an industry practice,

recommended practice is what they call it, so it's not
really a standard.
MR. HARBUCK:

And that's the off-site

standard for 2002 that's listed here.
MR. ASHCRAFT:
MR. HARBUCK:

Well -Or is that even listed?

I

must have listed it somewhere.
MR. ASHCRAFT:
think so.

Well, so -- well, I don't

So their methodology -MR. HARBUCK:
MR. ASHCRAFT:

No, I might not of.
-- and what we look at, so

Reg Guide 1.105, Rev. 3, endorses 6704 Part 1, 1994
version.

And we don't endorse the Part 2.

And I

believe that is what they point to.
MR. HARBUCK:
MR. ASHCRAFT:
resolved.

Okay.

All right.

So, yeah, yes, it's being
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MEMBER SKILLMAN:
MR. HARBUCK:

Thank you.

Thanks, Joe.

Okay.

Now, we

are going to go to the final list of technical topics
termed general issues.

And the first one is perhaps

the biggest issue we have and that is -- not the first
I'm sorry.

I jumped the gun, that's the next page, so

retract that.
COL action items in the tech specs, the
generic tech specs in the regulations and in the
appendices, they call out the fact that there is
portions of the tech specs which are site-specific
that could not -- that were not within the scope of
information that you had or required for the design
cert, but you needed for getting the COL issued.

And

this is called COL action items.
And because they all have to be completed
in order to issue the tech specs with the license,
it's important that we clearly identify what they all
are and if any of them require any special guidance on
completing them or whether they can just be avoided
altogether, that -- you know, we need to make sure
that information is contained within the guidance
discussions in the DCD, either in the form of a
reviewer's notes or additional material up in the
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introduction part of Chapter 16.
And we haven't completed defining what
this action item list is, but that's what this item is
about.

And once we have it, then it will make it

easier for COL applicants to know what they have to do
to complete the tech specs.
The -- okay.

So I think we mentioned the

Tech Spec Task Force traveler changes and in one case
where they did not adopt one.

Well, there is a lot of

changes that occurred to earlier versions of NUREG1432 which are in Revision 4 of that document, but
which are not being adopted by the applicant.
So for that part of our review, we have to
go back and look at what the tech specs were a couple
-- three revisions ago sometimes.

And then there has

been since 1432, Rev. 4, was issued in 2012, there has
been a number of significant travelers approved since
then and some of those are proposed for incorporation
in the generic tech specs.
We want to make sure we have a complete
accounting, so that in the future when we go to create
a

standard

tech

spec

for

this

or

whether

a

COL

applicant wants to change their tech specs, they
understand

what

is

considered

to

have

been
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incorporated
confusion

and

about

what
that

is

not.

thereby

And

we

have

no

helping

to

maintain

standardization.
Administrative changes.

I think it is

fair to say that nearly every page of the Chapter 16
had either editorial or technical or other types of
errors and it has been quite a challenge to try and
get these all addressed.

And we are still working on

it.
The open items that are mentioned there,
each

one

represents

a

dozen

or

more

individual

questions, some of which address specific issues and
some of which address issues that are deemed global in
nature.

And many of them encompass all the rest of

the list there of:
Correction

of

grammatical

and

typographical errors.
Replacement of inapplicable content that
has been taken from the Bases of the standard tech
specs, but didn't really apply to the requirements
that APR-1400 was proposing.
Addition of missing content to the Bases.
Typical, this would be not providing a rationale for
completion time or surveillance frequencies or not
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having a discussion that explains some key aspect of
the system or its function.
Clarification of submitted content in the
Bases.
Conformance to STS style, punctuation,
phrasing and formatting conventions.
And

then

the

resolution

of

inconsistencies, both within the Chapter 16 and with
other chapters of the DCD.
So we will -- this will be sort of the
tail end of closing this review out is verifying that
all -- that these types of issues have been addressed
satisfactorily.

So it's not really that they are open

so much as it's just a rather large confirmatory item
where we haven't identified every place that needs
fixing.
Okay.

So here we are.

The biggest issue

on the next slide, next slide, please, the application
of the 10 CFR 50.36 LCO Selection Criteria.

In past

design certification reviews, the applicants have
typically, to varying degrees, done some type of
systematic assessment of their design and accident
analysis against the criteria to validate their LCO
selection.
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And

it's

out

understanding

that

the

applicant has not done that, but they have relied on
what was in the CE standard.

And as you may have

noticed, they have added additional requirements and
additional LCOs that you don't find in the standard,
but it's not entirely clear if they have done a
comprehensive check and if there is not something out
there that ought to be considered for incorporation,
either into an existing LCO, the scope of it or a
whole new specification.
We have identified some examples so that
maybe they could be considered for inclusion in tech
specs because in the accident analysis when they talk
about the sequence of events, you will find that the
reactor tripped at some point for most of these events
and they don't always take the function that is in the
tech spec explicitly as the trip that takes you down,
because it may be more conservative to assume one of
these auxiliary trips or another trip.
The

core

protection

calculator,

in

particular, in Table 7.2-4 in addition to listing all
the reactor trip functions, it lists a set of CPC
auxiliary trips which come out of the CPCs and they
have their own trip settings.

They are not the same
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as the corresponding LCOs stated functions, but a lot
of times they are fairly duplicative, but there are
some unique trips in the CPC auxiliary trip functions.
And so we decided a couple of examples
here.

Let's see, we list the RPS variable over-power

trip function and the CPC variable over-power trip
function.

Based on the discussion referenced here, it

appears that one would need to include both in the
tech specs.
The one above it does not have anything to
do with the chart -- the CPC auxiliary trips, but as I
-- as we mentioned before, there is limitations in the
charging system when you are low pressure for limiting
the flow because of Boron dilution event analysis
assumptions.
And normally the flow from -- to the
charging system is through these bypass valves and you
get flow that is related to the pump curve or the
centrifugal charging pumps where the water is going.
But in low shutdown, low-pressure conditions, these
bypass
through

valves
these

can

be

flow

closed,

which

restricting

diverts

orifices.

flow
And

depending upon how many you close, whether you close
one or two of the valves, you can either limit flow to
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180 gallons per minute or 150 gallons per minute.
There is actually a setpoint that measures
the flow and if it exceeds some value above 180, it
will cause one of these valves to close.

And since

that seems to be protecting an assumption of an
analysis.

It sounds like a candidate for an LCO or --

you know, so I -- so we mentioned that one.
Let's see, okay, so I think that pretty
well makes the point.

We need to discuss with the

applicant about the examples we have cited.

We have

reported those in the SER and if there are any other
ones.
Right now though, it looks like something
that can be resolved, but it has to be resolved in
order for us to find it, that the tech specs meet
50.36.
And the last thing we will mention is the
deviation

report.

They

had

originally

provided

deviation report not as part of the application, but
just

as

something

to

show

how

requirement-by-

requirement the generic tech specs differed from the
NUREG-1432.
The report only covers the specifications.
It doesn't cover the Bases.

And we know that there
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were some inconsistencies in this report and some of
our open items dealt with trying to resolve those
inconsistencies and that resulted in some changes in
the deviation report, some of which we are still
tracking as issues.
16-43 is the open item that we are -- that
is covering that.
So having a deviation report is not a
sufficient measure to say I have effectively analyzed
against the criteria in 50.36 and I satisfy -- I don't
believe you can do -- that alone will give you the
basis for making that statement.
So but as part of our review, we are going
to make sure that the report is at least -- is
consistent and accurate.

But it's not a requirement

in and of itself to support the review of the tech
specs.

We could do the review without it.
We asked that they docket it, which they

did, to facilitate our review, because it then enabled
us to better understand what the differences were from
their perspective and what their rationale for those
differences were as opposed to identify differences
and asking them a question about it if it wasn't
obvious what their basis for the difference was.
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Okay.

Okay.

I'm

going

to

--

that

concludes what I was going to say and Bob is going to
close with kind of a conclusion, a summary of -MR. TJADER:

A brief summary.

MR. HARBUCK:

-- yeah.

And that's the

last slide.
MR. TJADER:

A brief summary.

Now, we

have reviewed the APR-1400 Generic Tech Specs.

We

have written the safety evaluation with open items.
Listed there are the open items we have covered and -they are listed there.

And we are willing to resolve

the open items with the assistance of our Technical
Branches.

And that concludes the presentation.
CHAIRMAN SUNSERI:

All right.

Good.

Any

questions from the Members before we move on?
MEMBER KIRCHNER:

Just may I go back,

Matt, to the auxiliary feedwater system?

Assuming,

Craig, that you convince yourself that the 4 trains or
2 divisions, however it is characterized, have the
redundancy you are looking for, then what would you
expect them to do to show that 70 -- not 72, seven
days is a justifiable window to restore the function
of one of those trains without going to PRA techniques
and so on?
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MR. HARBUCK:

I guess, yeah, you know in

general, one strategy for trying to get a bit longer
on your repair time for an inoperable component or
train would be to propose -MEMBER KIRCHNER:

But let's assume that

the window is not based on repair time or the delivery
of a turbine from off-shore to the plant or whatever
or putting in a new steam supply line, that the basis
for the window has some analysis or evaluation, as you
said in your penultimate slide, of the safety window
that you are working with, rather than the repair
window.
Do you see what I'm asking?
bit different.

It's a little

Don't ask the question how long does

it take to repair.

It could take more than seven days

if the instrument is unavailable.
MR. HARBUCK:

Well, one anecdote I can

tell you is a case where you have a utility that at
one time had a seven day AOT for a diesel generator.
They,

using

I

suppose

to

some

extent

risk-based

arguments, were able to obtain a -- double that time
and yet, recently the -- that diesel deliverable
system failed to provide adequate flow to one of the
bearings and the diesel suffered damage that required
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more than two weeks to repair it.
And so no matter how much you think the
additional time is going to -- it probably will enable
you to recover without having to first shutdown the
plant, it doesn't guarantee it.
And so -- but if you are interested in
increasing repair time, and when I say repair time
what I mean is the completion time to restore the
equipment to operable status, one strategy would be to
propose remedial actions that provide some measure of
additional assurance that should an event occur, that
would -- you would -- that would require that broken
train, that the remedial actions, whatever they were,
will somehow help you to mitigate that.
In other words, it may not be the full
response you are expecting.

That sort of argument can

be used and we see that in a number of places in the
tech

specs,

particularly

where

if

there

is

some

indication that is not there, but you can get that
indication often enough by doing a manual measurement,
then the tech specs will allow you to continue for a
time, if not indefinitely, doing that.
So there are strategies for trying to get
longer allowed outage times besides just appealing to
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risk arguments.
MR. TJADER:

You can use PRA, but I think

that the reason for questioning the seven days was a
lack of redundancy.

And it seems to me that if this

condensate, this line from the condensate storage tank
would

act

as

a

cross-connect

and

restore

that

redundancy and provide adequate flow, that could be
considered for restoring it to what is typically the
completion time of seven days.
MR. HARBUCK:

And we can certainly--

Well, right.

CHAIRMAN SUNSERI:

So I mean we could

probably go into a lot of detail on this.

In summary

though is you have the question on the table.
working with the applicant.

You are

You are going to resolve

it one way or the other, right?

Whether it goes short

or longer or whatever, right?
MR. TJADER:

That's right.

CHAIRMAN SUNSERI:

Okay.

John, you had a

question?
MEMBER STETKAR:

Yeah, I did.

Because I

was looking at this and I think that I certainly
haven't studied the tech specs and I haven't studied
the Bases for them.

But I'm really confused and I

hope that the staff and the applicant work this out,
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because when I read the Aux Feedwater Tech Specs, the
seven day thing that we have been talking about,
specifically says "One turbine-driven aux feedwater
train inoperable due to associated inoperable steam
supply."
MR. HARBUCK:

Yeah.

MEMBER STETKAR:
MR. HARBUCK:

The next one.

Okay.

MEMBER STETKAR:
MR. HARBUCK:

Let me finish.

Okay.

MEMBER STETKAR:

The next one says "One

AFW train inoperable in MODE 1, 2 or 3 for reasons
other than that condition."
The first one gives me seven days.
second one gives me 72 hours.

The

I'm sorry, my turbine

only has one steam supply, so this could very well be
the

problem

with

KHNP

just

trying

to

force

fit

something into tech specs that doesn't apply to their
design.
CHAIRMAN SUNSERI:
MEMBER

STETKAR:

Right.
And

the

staff

then

reacting to that sort of force fit in a strange way.
CHAIRMAN SUNSERI:
MEMBER STETKAR:

Yeah, because that --

It just doesn't make any
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sense.
(Simultaneous speaking.)
CHAIRMAN SUNSERI:

Right.

Because the way

that reads is for a plant that -MEMBER STETKAR:

I can --

CHAIRMAN SUNSERI:
MEMBER STETKAR:
steam

supply

to

my

-- has two supplies --

Right.

turbine,

I can isolate the

plug

it,

break

it,

whatever and I can sit there for seven days with that.
But if, for example, the pump or valve or something
like that, I can only sit there for 72 hours.

It

just -CHAIRMAN SUNSERI:
MEMBER STETKAR:

Yeah.

-- this does not make any

logical sense whatsoever to me.
CHAIRMAN SUNSERI:
MEMBER STETKAR:

Right.

And I can understand, you

know, this dialogue, but I -- all I said is I hope
they work it out, because trying to speculate any
sound reason why this thing is written that way
doesn't -- just doesn't compute.
CHAIRMAN

SUNSERI:

Yeah.

Well,

in

addition to the question that was already asked by the
staff, I think we have brought sufficient focus to it
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to, you know, tell you that it's an important issue
you need to resolve.
MEMBER STETKAR:

You know, I get it in the

design where we have two steam supplies to one turbine
where one steam supply can be out for seven days and
the turbine itself can be out for 72 hours.
CHAIRMAN SUNSERI:
MEMBER STETKAR:

Um-hum.
That I get.

CHAIRMAN SUNSERI:
MEMBER STETKAR:

Right.
But that's not what the

document really says.
CHAIRMAN SUNSERI:
conundrum.

All right.
MEMBER

question, too.
tech specs.

Yes.

Yeah, it's a

So --

REMPE:

Actually,

I

have

a

I'm back on this risk informing the

Could we hear from the applicant on their

opinion of whether their technical specifications like
LCO 3.0.8 are really risk-informed?

Because I'm

reading their Chapter 16 on page 332 out of 989 and it
has here a statement about "The risk assessment may
not be quantified, but may be a qualitative awareness
of the vulnerability of systems and components when
one or more snubbers are not able to perform their
associated support function."
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And I'm wondering if they consider this
technical specification risk-informed?
staff said they did, right?

I know the

But is that what the

applicant believes also?
CHAIRMAN SUNSERI:

Well, they said part --

the staff said partially risk-informed.
MEMBER REMPE:

Partially, yeah.

The staff

said that, but what does the applicant believe?

Is it

partially risk-informed or is it just a qualitative
awareness?
CHAIRMAN SUNSERI:

SangWon Lee, anybody

want to take that one on?
MEMBER REMPE:

Because I'm just still

puzzled why their Slide 3 said we are not riskinformed.

And did they ever say it was?
MR. SANGWON LEE:

Basically, we, as I

mentioned, do not consider the risk-informed tech
spec, but in the small portion of that, such as a
snubber and some barriers, we think that we can apply
that kind of things based on some reference documents,
such as NUREG, on something like this.
So we would like to try to do that, but
I'm not sure, at this time, it is sufficient or not.
We will discuss in details on that issue.
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MEMBER REMPE:

Thank you.

MR.

This

J.

OH:

Washington Office, again.
risk-informed.

is

Andy

Oh,

KHNP,

For our tech spec, it's not

But we can say is that 3.0.8 and 3.0.9

is not risk-informed.

Risk -- one of a kind of risk

initiative can be applied at that.

Our rationale to

apply that is that's already in, the document is NEI
04-08

per

--

allowance

for

the

non-technical

specification barrier degradation on a support system
operability.
And also, because that barrier can be less
than the -- not the total source of the risk PRA
model, because it -- that's out of the initiated event
per the loss of coolant accident, high energy line
break and feedwater line break, such a thing is very
small.
Initiating event frequency is very small.
That's our rationale that we can apply that risk
initiated thing can be implemented through our tech
spec.
But the other thing is we don't apply any
risk-informed tech spec including ALT extension or,
you know, RMSP -- RMSF SSCO or something.
position.

That's our
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MEMBER REMPE:

Thank you.

CHAIRMAN SUNSERI:

In the middle, if you

could state your name?
MR. SANGWON LEE:

SangWon Lee.

SangWon

Lee from KHNP.
MEMBER REMPE:
CHAIRMAN
questions?

Thank you.

SUNSERI:

Okay.

Any

other

So we are going to turn to the room now

and see if there is anybody in the room that cares to
make a statement.

Anybody in the room care to make a

statement?
All right.

No one there.

So we are going

to open the phone line to see if there is any member
of the public that would care to make a statement or
comment.
OPERATOR:

The phone line is open.

CHAIRMAN SUNSERI:

If there is anybody on

the phone line, please, this is your opportunity to
make a comment or provide a statement.
There is none.

All right.

So we are going to close the phone

line.
And
comments.
comments?

we

will

close

here

So we will start with Joy.

with

Member

Do you have any
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MEMBER REMPE:

Nope.

Thanks to everyone

for their presentations and their hard work and no
other comments.
CHAIRMAN SUNSERI:
MEMBER KIRCHNER:

Walt?
No comments.

Thank you

all.
CHAIRMAN SUNSERI:
MEMBER STETKAR:

John?

Nothing more.

Thank you.

CHAIRMAN SUNSERI:

Ron?

MEMBER BALLINGER:

Nothing more.

CHAIRMAN SUNSERI:

Mike?

MEMBER CORRADINI:

Nothing more.

CHAIRMAN SUNSERI:

Dana?

Thank

you.

Thank

you.

MEMBER POWERS:

I think Dick will make my

comment.
CHAIRMAN SUNSERI:
MEMBER SKILLMAN:
KHNP Team, thank you.

Dick?
To the staff and to the

And I have no further comments.

Thank you.
CHAIRMAN SUNSERI:

Yeah, and I would like

to extend my compliments to both the applicant and the
staff today for getting through these topics in a very
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timely manner.

Tech specs, as we have said, is a

1,000 page document.
good discussion.

I think we got through it with a

We understand where everything is on

this.
So we are going to recess for the evening.
Tomorrow

morning

we

will

resume

presentations

starting at 8:30 in this room with KHNP beginning on
Chapter 6.
So at that time -- at this time, we are in
recess until tomorrow morning, 8:30.
(Whereupon,
recessed at 5:07 p.m.)
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Attachment : List of COL Items for Ch. 13 (1/6)
COL No.

Description

The COL applicant is to provide a description of the corporate or home office organization,
its functions and responsibilities, and the number and the qualifications of personnel. The
COL 13.1(1)
COL applicant is to be directed to activities such as the facility design, design review,
design approval, construction management, testing, and operation of the plant.
COL 13.1(2)

The COL applicant is to develop a description of experience in the design, construction, and
operation of nuclear power plants and experience in activities of similar scope and complexity.

15thMeeting
Pre-application
ACRS
(Mar.21.Meeting
2017)

The COL applicant is to describe its management, engineering, and technical support
organizations. The description includes organizational charts for the current headquarters and
COL 13.1(3)
engineering structure and any planned modifications and additions to those organizations to
reflect the added functional responsibilities with the nuclear power plant.
The COL applicant is to develop a description of the organizational arrangement. The
description is to include organizational charts reflecting the current headquarters and
engineering structure and any planned modifications and additions to reflect the added
functional responsibilities associated with the addition of the nuclear plant to the applicant’s
COL 13.1(4) power generation capacity. The description shows how these responsibilities are delegated
and assigned or expected to be assigned to each of the working or performance-level
organizational units identified to implement these responsibilities. The description includes
organizational charts reflecting the current corporate structure and the working- or
performance-level organizational units that provide technical support for the operation.
The COL applicant is to develop the description of the general qualifications in terms of
COL 13.1(5) educational background and experience for positions or classes of positions described in the
organizational arrangement.
COL 13.1(6)

The COL applicant is to develop a description of the structure, functions, and responsibilities
of the onsite organization established to operate and maintain the plant.
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COL No.

Description

The COL applicant is to provide an organizational chart showing the title of each position,
COL 13.1(7) minimum number of persons to be assigned to duplicate positions, number of operating shift
crews, and positions that require reactor operator and senior reactor operator licenses.
The COL applicant is to provide organizational information such as the functions,
responsibilities, and authorities of the plant position. The COL applicant is to develop a
COL 13.1(8) description of the line of succession of authority and responsibility for overall station
operation in the event of unexpected temporary contingencies, and the delegation of
authority.
The COL applicant is to develop a description of the position titles, applicable operator
licensing requirements for each, and the minimum numbers of personnel planned for each
COL 13.1(9) shift for all combinations of units proposed to be at the station in either operating or cold
shutdown mode. The COL applicant is also to develop the description of shift crew staffing
plans unique to refueling operations.
The COL applicant is to provide a description of the education, training, and experience
COL 13.1(10) requirements for each management, operating, technical, and maintenance position in the
operating organization.
The COL applicant is to provide the qualification requirements of the initial appointees to
COL 13.1(11) plant positions for key plant managerial and supervisory personnel through the shift
supervisory level.
The COL applicant is to develop the description and schedule of the training program for
COL 13.2(1)
licensed reactor operators and non-licensed plant staff.
COL 13.2(2)

The COL applicant is to develop the site-specific training program by using NEI 06-13A as
the template for the basic structure and content.

COL 13.2(3)

The COL applicant is to provide a licensed plant staff training program in accordance with
NEI 06-13A.
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Attachment : List of COL Items for Ch. 13 (3/6)
COL No.
COL 13.2(4)

Description
The COL applicant is to provide a non-licensed plant staff training program in accordance
with NEI 06-13A.
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The COL applicant is to develop training programs. The programs are to include a chart that
shows the schedule of each part of the training program for each functional group of
COL 13.2(5) employees in the organization in relation to the schedule for preoperational testing, expected
fuel loading, and expected time for examinations prior to plant criticality for licensed
operators.
COL 13.2(6)

The COL applicant is to determine the extent of the NRC guidance that is applicable to the
facility training program or the justification of exceptions.

COL 13.3(1)

The COL applicant is to develop the interfaces of design features with site-specific designs
and site parameters.

The COL applicant is to develop a comprehensive emergency plan. The plan is developed as
a physically separate document and includes copies of letters of agreement (or other
COL 13.3(2)
certifications) from state and local governmental agencies with emergency planning
responsibilities.
The COL applicant is to address an emergency classification and action level scheme as
COL 13.3(3)
required by 10 CFR 50.47(b)(4).
COL 13.3(4) The COL applicant is to develop the security-related aspects of an emergency plan.

COL 13.3(5)

The COL applicant is to develop a multi-unit site interface plan depending on the location of
the new reactor on or near an operating reactor site with an existing emergency plan.

COL 13.3(6)

The COL applicant is to develop emergency planning inspections, tests, analyses, and
acceptance criteria.
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Attachment : List of COL Items for Ch. 13 (4/6)
COL No.

Description

The COL applicant is to develop operational programs and provide schedules for
implementation of the programs, as defined in SECY-05-0197. The COL applicant is to
COL 13.4(1) provide commitments for the implementation of operational programs that are required by
regulation. In some instances, the programs may be implemented in phases, where practical,
and the applicant is to include the phased implementation milestones.

15thMeeting
Pre-application
ACRS
(Mar.21.Meeting
2017)

The COL applicant is responsible for developing a leakage monitoring and prevention
program for the systems, as specified in Subsection 5.5.2 in Chapter 16, Technical
COL 13.4(2)
Specifications. The leakage monitoring and prevention program is to provide suitable
methods and acceptance criteria as defined in NUREG-0737, Item III.D.1.1.
The COL applicant is to develop an implementation plan for an inspection and monitoring
COL 13.4(3) program of the cladding material integrity of SG channel heads. The COL applicant is to
provide a commitment for the implementation plan of the inspection and monitoring program.
The COL applicant is to describe the administrative and operating procedures. Administrative
procedures provide for administrative control over safety-related activities for the operation
of the facility. Operating procedures are used to ensure that routine operating, off-normal,
COL 13.5(1) and emergency activities are conducted in a safe manner. The COL applicant is to provide a
description of the nature, content, and development process for the administrative and
operating procedures, including preliminary schedules for preparation and target dates for
completion (Reference 1 through 3).

COL 13.5(2)

The COL applicant is to provide a program for developing and implementing administrative
procedures.
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Attachment : List of COL Items for Ch. 13 (5/6)
COL No.

Description
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The COL applicant is to describe the different classifications of procedures the operators use
in the MCR and locally in the plant for plant operations. The COL applicant is to describe the
operating procedures that will be used by the operating organization (plant staff) to ensure
COL 13.5(3) that routine operating, off-normal, and emergency activities are conducted in a safe manner.
The COL applicant is to identify the group within the operating organization responsible for
maintaining the procedures and describe the general format and content of the different
classifications.
COL 13.5(4)

The COL applicant is to provide a program for developing and implementing operating
procedures.

COL 13.5(5)

The COL applicant is to provide a program for developing and implementing emergency
operating procedures.

The COL applicant is to describe the procedures that provide coverage for other safetyrelated plant operating activities (i.e., operating activities not procedurally covered under the
operating or emergency operating procedure programs), including related maintenance
activities. The COL applicant is to provide a description of the nature, content, and
COL 13.5(6) development process for the maintenance and other operating procedures, including
preliminary schedules for preparation and target dates for completion. In addition, the COL
applicant is to describe how these procedures are classified, describe the general format and
content of the various classifications, and identify the group(s) within the operating
organization responsible for performing and maintaining the procedures.
The COL applicant is to provide a program for developing and implementing procedures that
provide coverage for other safety-related plant operating activities (i.e., operating activities
COL 13.5(7)
not procedurally covered under the operating or emergency operating procedure programs),
including related maintenance activities.
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Attachment : List of COL Items for Ch. 13 (6/6)
COL No.
COL 13.5(8)

COL 13.6(1)
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COL 13.6(2)

COL 13.6(3)
COL 13.7(1)

Description
The COL applicant is to provide a program for developing shutdown procedure including the
installation and removal order of the pressurizer manway and the nozzle dam.
The COL applicant is to develop a physical security plan, training and qualification plan, and
safeguards contingency plan. The COL applicant is to address site-specific information
related to the physical security, contingency, and guard training and qualification plans.
These documents are categorized as SGI and are withheld from public disclosure pursuant
to 10 CFR 73.21. The COL applicant is to address site-specific physical security ITAACs as
applicable.
The COL applicant is to develop an access authorization program that meets the
requirements of 10 CFR 73.56, and conformance with the requirement is to be specified in the
physical security plan.
The COL applicant is to develop a cyber security plan and implementation program in
accordance with 10 CFR 73.54. The plan document is categorized as SGI and is to be
withheld from public disclosure pursuant to 10 CFR 2.390(d)(1).
The COL applicant is to develop the description of the fitness-for-duty programs during
construction and for the operating plant.
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Attachment : Acronyms
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CFR : Code of Federal Regulations
COL : combined license
CRE : control room envelope
EOF : emergency operation facility
ERDS : emergency response data system
HVAC : heating, ventilation, and air conditioning
ITAAC : inspections, tests, analyses, and acceptance criteria
MCR : main control room
OSC : operational support center
RG : Regulatory Guide
SGI : security safeguards information
SPDS : safety parameter display system
SRI : security-related information
SRP : Standard Review Plan
TSC : technical support center
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Overview of Design Certification
Application, Chapter 13
SRP Section/Application Section

13.1

Organizational Structure of the Applicant – contains COL items
which require the COL applicant to develop the management and
tech support organizational structure including design, construction,
operating, and maintenance responsibilities. This includes the
qualification requirements such as education, training, and
experience for each position.

13.2

Training – contains COL items which require the COL applicant to
develop the description and schedule of the training program for
licensed reactor operators and non-licensed plant staff.

13.3

Emergency Planning (EP) – describes the design features, facilities,
functions, and eqpt. necessary for EP and requires the COL
applicant to develop the site-specific design.

13.4

Operational Program Implementation – contains COL items which
require the COL applicant referencing this design to develop
operational programs consistent with SRM-SECY-05-0197.

13.5

Plant Procedures – contains COL items which require the COL
applicant to briefly describe the admin & operating procedures for all
operational modes, and a schedule for preparing the procedures.
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Technical Topics

Section 13.1 – Organizational Structure
Scope of Review
•

The purpose of this section is to provide assurance that the applicant has established acceptable
COL Information Items pertaining to the corporate-level management and technical support
organizations necessary for the safe construction and operation of this design, including training
and qualification requirements. That is, the COL applicant will have the necessary managerial
and technical resources to support the plant staff in construction, operation, maintenance, and in
the event of an emergency.

Technical Challenges
•

None.

Finding
•

Eleven COL information items are provided, COL 13.1(1) through 13.1(11). Staff found that the
COL information items appropriately identified and sufficiently addressed the required information
without the need for additional items.

Conclusion
•
The staff has reviewed DCD Tier 2, Section 13.1, “Organizational Structure of the Applicant,” and
determined that this approach to describing the corporate-level management and technical
support organization, and the onsite operating organization, is acceptable to meet all applicable
requirements.
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Technical Topics
Section 13.2 – Training
Scope of Review
•
•

The purpose of this section is to provide assurance that the applicant analyses job performance to
design, develop, implement, and evaluate licensed and non-licensed staff training programs.
The applicant establishes and maintains a staff of adequate size, ability & technical competence
to operate and maintain the facility and to protect public health and safety.

Technical Challenges
•

None. The applicant has provided COL information items stating that the COL applicant is
responsible for developing the site-specific training programs for the plant staff.

Findings
•

•

COL information items COL 13.2(3) and COL 13.2(4) pertaining to training programs for licensed
and non-licensed staff, initially stated that these programs will be in accordance with NUREG-800,
Sections 13.2.1.l.3 and 13.2.2.l.3, respectively. In response to the staff’s RAI, references to the
NUREG-800 sections were changed to NEI 06-13A.
Except for the verification of the confirmatory item 13.02.01 in new revision to FSAR, there are no
open issues.

Conclusion
•
The staff has reviewed DCD Tier 2, Section 13.2, “Training,” and determined that applicant’s
approach to describing, developing, and documenting the training programs is acceptable.
March 21, 2017
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5

Technical Topics

Section 13.3 – Emergency Planning
•
•
•

No Open Items
DCD satisfies TSC size and location
SRP Interface Areas
 Protection of MCR personnel during an emergency is addressed in SE
Section 6.4
 TSC data retrieval capabilities is addressed in SE Section 7.5
 Post Accident Sampling System is addressed in SE Section 9.3.2
 TSC HVAC is addressed in SE Section 9.4.1
 TSC Voice and Data Communications Equipment is addressed in SE
Section 9.5.2
 Onsite Decontamination Facilities is addressed in SE Section 12.3
 TSC dose analysis is addressed in SE Section 15.0.3

March 21, 2017
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Technical Topics

Section 13.3 – Emergency Planning
(continued)
•

5 COL Information Items
 Develop interfaces of design features with site-specific designs and site
parameters.
 Develop a comprehensive emergency plan as a physically separate
document.
 Develop an emergency classification and action level scheme.
 Develop a multi-unit site interface plan depending on the location of the
new reactor on, or near, an operating reactor site with an existing
emergency plan.
 Develop emergency planning ITAAC.

March 21, 2017
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Technical Topics

Section 13.4 – Operational Programs
Scope of Review
•

•

SRM-SECY-05-0197 (February 22, 2006) approved an approach for Operational Programs which
relieved the DC applicant of the burden of describing operational programs which only the COL
applicant could describe. As a result, NRC guidance states that the DCD should include a COL
Information Item(s) directing the COL applicant to develop operational programs in accordance
with SECY-05-0197.
NRC staff reviews the application for the required COL Information Item(s).

Technical Challenges
•

None.

Findings
•

The applicant provided COL information items COL 13.4(1) and COL 13.4(2) stating that the COL
applicant is responsible for developing the operational programs in accordance with SECY-051997 and a leakage monitoring and prevention program in accordance with NUREG-0737,
“Clarification of TMI Action Plan Requirements,” Item III.D.1.1.

Conclusion
•
The staff has reviewed DCD Tier 2, Section 13.4, “Operational Programs,” and determined that
the COL Information Items the applicant provided are appropriate and acceptable.

March 21, 2017
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Technical Topics

Section 13.5 – Plant Procedures
Scope of Review
•

Plant Procedures encompass:
 Administrative Procedures
 Operating and Emergency Operating Procedures (EOPs)
 Maintenance and Other Operating Procedures for safety-related activities

•

Development of detailed procedures is beyond the scope of the DC application.
 Responsibility resides with the COL applicant referencing the design.
 COL information items pertaining to procedure descriptions, and procedure
program development / implementation, are identified by the DC applicant.

•

Generic Technical Guidelines (GTGs); otherwise referred to as the Emergency
Operating Guidelines (EOGs)
 Used by COL applicants to develop their Plant-Specific Technical Guidelines (PSTGs), from which their EOPs will be developed.
 Preparation of the APR1400 EOGs and submittal to the NRC for review is the
responsibility of the DC applicant.

March 21, 2017
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Technical Topics

Section 13.5 – Plant Procedures
Scope of Review (cont’d)
•

Staff evaluated the DC application for:
 Acceptability of COL information items pertaining to descriptions of plant
procedures.
 Acceptability of COL information items pertaining to establishment of a program
for development and implementation of plant procedures.
 Technical adequacy of the APR 1400 EOGs, AND Determination of their
acceptability for use as a basis for development of COL applicant P-STGs.

Findings
•

No open item issues.

•

The staff found 2 out of 7 COL information items in Chapter 13.5 to be acceptable.
The remaining 5 COL information items require modifications that have been
sufficiently resolved through the RAI process and have been identified as
Confirmatory Items in Revision 1 of the DCD.

March 21, 2017
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Technical Topics

Section 13.5 – Plant Procedures
Findings (cont’d)
•

The staff finds that the APR1400 EOGs are technically adequate and acceptable for
use in development of the COL applicant P-STGs on the basis that:
 The EOGs are based on the Combustion Engineering Owners’ Group GTGs
(CEN-152), which have been previously reviewed and approved by the staff,
 The EOGs retain the structural format and event mitigation strategies of CEN152,
 The EOGs have been modified to reflect the APR1400 specific design features,
 APR1400 specific design features have been incorporated into the transient
analyses for events categorized in the Optimal Recovery Guidelines of the
APR1400 EOGs, and
 Transient analyses results provided in APR1400 technical report KEPCO
E&C/ND/TR/11-005, "Best Estimate Analyses for the Operational Transients
and Accidents for APR1400 Emergency Operating Guidelines,” have been
reviewed by the Reactor Systems, Nuclear Performance, and Code Review
Branch (SRSB) (Chapter 15 Review Interface Support) and found to be
acceptable for use in the development of the APR1400 EOGs.

March 21, 2017
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Overview of Chapter 16


APR1400 Technical Specifications were developed
based on NUREG-1432 Rev. 04 (‘12. 04), “Standard
Technical Specifications – Combustion Engineering
Plants”



Risk-Informed TS are not applied



Different design feature of APR1400 were reviewed for
applicability of NUREG-1432 to APR1400




Technical Report submitted , “Deviation Report between NUREG1432 Rev.4 and APR1400 TS” (‘15.12, APR1400-K-O-NR-14001NP, Rev.1,ML15338A328)
Applicability of updated TSTF reviewed
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Overview of Chapter 16


Section Overview

ACRS Meeting (March 21-22 , 2017)

Section

Contents

Presenter

1.0

USE AND APPLICATIONS

2.0

SAFETY LIMITS

3.0

LIMITING CONDITION FOR OPERATION (LCO) APPLICABILITY
SUREVEILLANCE REQUIREMENT (SR) APPLICABILITY

3.1

REACTIVITY CONTROL SYSTEMS

3.2

POWER DISTRIBUTION LIMITS

3.3

INSTRUMENTATION

3.4

REACTOR COOLANT SYSTEM (RCS)

3.5

EMERGENCY CORE COOLING SYSTEM (ECCS)

3.6

CONTAINMENT SYSTEMS

3.7

PLANT SYSTEMS

3.8

ELECTRICAL POWER SYSTEMS

3.9

REFUELING OPERATIONS

4.0

DESIGN FEATURES

5.0

ADMINISTRATIVE CONTROLS

SANG WON LEE
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Overview of Chapter 16
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Section 3.1 REACTIVITY CONTROL SYSTEMS


Shutdown Margin (SDM)



Reactivity Balance



Moderator Temperature Coefficient (MTC)



Shutdown Control Element Assembly (CEA) Insertion Limits



Special Test Exception (STE), etc.

Section 3.2 POWER DISTRIBUTION LIMITS


Linear Heat Rate (LHR)



Planar Radial Peaking Factors, etc.

Section 3.3 INSTRUMENTATION


Reactor Protection System (RPS) Instrumentation



Control Element Assembly Calculators (CEACs)



Engineered Safety Features Actuation System (ESFAS) Instrumentation



Emergency Diesel Generator (EDG) – Loss of Voltage Start (LOVS)



Containment Purge Isolation Actuation Signal (CPIAS)



Fuel Handling Area Emergency Ventilation Actuation Signal (FHEVAS)



Remote Shutdown Display and Control, etc.
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Overview of Chapter 16
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Section 3.4 REACTOR COOLANT SYSTEM (RCS)


RCS Loops – Mode 1 to 5



Pressurizer



Pressurizer Pilot Operated Safety Relief Valves (POSRVs)



Reactor Coolant Gas Vent (RCGV) Function, etc.

Section 3.5 EMERGENCY CORE COOLING SYSTEM (ECCS)


Safety Injection Tanks (SITs)



Safety Injection System (SIS)



In-Containment Refueling Water Storage Tank (IRWST), etc.

Section 3.6 CONTAINMENT SYSTEMS


Containment Air Locks



Containment Isolation Valves



Containment Spray System, etc.
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Overview of Chapter 16
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Section 3.7 PLANT SYSTEMS


Main Steam Safety Claves (MSSVs)



Auxiliary Feedwater System (AFWS)



Component Cooling Water System (CCWS)



Essential Service Water System (ESWS)



Control Room HVAC System (CRHS)



Auxiliary Building Controlled Area Emergency Exhaust System (ABCAEES)



Fuel Handling Area Emergency Exhaust System (FHAEES), etc.

Section 3.8 ELECTRICAL POWER SYSTEMS


AC Sources



DC Sources



Diesel Fuel Oil, Lube Oil, and Starting Air, etc.

Section 3.9 REFUELING OPERATIONS


Boron Concentration



Containment Penetration



Shutdown Cooling System (SCS) and Coolant Circulation, etc.
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Main Deviations (1/9)
 Reactor

Coolant System



NUREG-1432 : PSV + PORV



APR1400 : 4 Pilot Operated Safety Relief Valves (POSRVs)



Related Deviation : 3.4.10
• Section 3.4.10 : POSRVs.

ACRS Meeting (March 21-22 , 2017)

• Incorporated a POSRV instead of PSV.
• Surveillance Requirements for subcomponents
• Opening setpoints of spring loaded pilot valve
• Opening time of main valve
• Valve position verification
• Operability test of main, pilot valves and isolation valves

• No PORV in APR1400 design.
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Main Deviations (2/9)


POSRV



Main Valve (1)
Spring Loaded Plot Valve (SLPV)
• Automatic actuation for overpressure protection
• Motor operated isolation valve

ACRS Meeting (March 21-22 , 2017)

• Normally open
• Power removed
• Closed in case of SLPV stuck open

V1

V2
VS66

M

VS66

M

P1

P2

VS99

• Manual isolation valve
• Isolation for SLPV test and maintenance
• Locked open



Motor Operated Pilot Valve (2)

P1

• Manual actuation for rapid depressurization
• Two valves installed in series
• Normally closed
• Power removed

M

M

V3

VS99 :
VS66 :
PDE :
M:
Vi :
Pi :
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PDE

P2

Main Valve
Spring Loaded Pilot Valve
Motor Operated Pilot Valves
Motor Operated Valve
Pilot Discharge
Impulse Line

APR1400-K-X-FS-17003-NP
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Main Deviations (3/9)
 Safety

Injection System



NUREG-1432 : 2 trains of HPSI and LPSI, 2 EDG



APR1400 : 4 SI trains, no LPSI, 4 EDG



Related Deviation
• Section 3.5.2, 3.5.3 : SIS

ACRS Meeting (March 21-22 , 2017)

• Required number of OPERABLE Trains: 4 SI trains for operating and 2
diagonal SI trains for shutdown
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Main Deviations (4/9)


APR1400 : 4 SI trains, no LPSI, 4 EDG
SI- 100

Hot Leg Loop 1

SI-523

SI- 522

SI- 302
F- 390

SIT 1
DVI nozzleSI-247
1A

SI- 321

SI- 410

SI- 604

IRWST
SI- 424

SI- 245
SI-543

SI- 644

SI-143

SI P/P 1

SI-404

F- 341

SI- 476

SI-646

SI- 412

SIT 3
SI-237

SI- 451

SI- 235
SI- 542

SI- 634

SI- 133

DVI nozzle 2A

SI- 304

CONTAINMENT
SPRAY SYSTEM

SI- 434
SI- 435

F-331 SI- 636

SI-308

SI P/P 3

ACRS Meeting (March 21-22 , 2017)

SIT 2
DVI nozzle 2B
SI- 227

SI-225
SI- 541

SI- 624

SI- 123

SI- 405

F- 321

SIT 4
1

SCS LINE
LOOP1

SC PUMP1

SI- 478

SI-626

SI-426

SI-215

SI-217
SI-614

SI- 540

SI-446

SI- 113

DVI nozzle 1B

F-311

SI-411

SI- 305
SCS LINE
LOOP2

CONTAINMENT
SPRAY SYSTEM

SI- 447

SI- 616

SI- 448
SI-532

SI P/P 2
SC PUMP2

SI- 533

SI P/P 4

SI-309

SI- 413
F- 391

Hot Leg Loop 2

Inside
Cont.

SI-331

SI-101

SI-609
SI- 303

Outside
Cont.

Inside
Cont.
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Main Deviations (5/9)
 In-Containment

Refueling Water Storage Tank



NUREG-1432 : Applicability → MODES 1, 2, 3, and 4



APR1400 : Applicability → MODES 1, 2, 3, 4, and 5,
MODE 6 with RCS level < 39.7 m

(130 ft 0 in)
ACRS Meeting (March 21-22 , 2017)



Related Deviation
• Section 3.5.4 : In-Containment Refueling Water Storage Tank (IRWST)
• IRWST is the water source of SIS during an accident and the applicable
modes for SIS are extended to the modes specified in LCO 3.5.3.
• Therefore, applicable modes for the IRWST are extended for providing
water to SIS.
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Main Deviations (6/9)
 AF






system

NUREG-1432 :
3 train, two (2) motor driven pump + one (1) turbine driven pump
APR1400 :
4 train, two (2) motor driven pump + two (2) turbine driven pump
Related Deviation

ACRS Meeting (March 21-22 , 2017)

• Section 3.7.5 : AFWS
• Condition A. Turbine driven AFW train inoperable due to one inoperable
steam supply…(NUREG-1432) → Deleted
• [Three AFW] → [Two auxiliary feedwater (AFW) divisions, each with one
motor driven train and one turbine driven] train shall be operable

• Section 3.7.6 : AFWST
• [The CST] → [Two AFWST] shall be operable

13 / 21
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Main Deviations (7/9)


AF system

ACRS Meeting (March 21-22 , 2017)



APR1400 : AF System consists of 100 % x 2 motor-driven pumps,
100 % x 2 turbine-driven pumps, 100 % x 2 auxiliary feedwater
storage tanks (AFWSTs), valves, venturis, and instrumentation

AF System Schematics
14 / 21
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Main Deviations (8/9)
 Electrical


Power System

NUREG-1432 : Two EDGs for two trains
(One EDG per each train)



APR1400 : Four EDGs for two Divisions

(A pair of EDGs per each division)
ACRS Meeting (March 21-22 , 2017)



Related Deviation
• Section 3.8.1 / 3.8.2 : AC sources – operating / shutdown
• One EDG inoperable CONDITION in the Standard Technical
Specifications (STS), NUREG-1432, Rev.4 is replaced with one or two
EDG(s) in one division inoperable CONDITION in the APR1400 TS.
• The term "Train A" and “Train B” used in the STS is replaced by "Division
I" and “Division II”. Between divisions, independence and redundancy are
maintained.
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Main Deviations (9/9)

System 80+

APR 1400

•

Two EDGs for two Trains
(One EDG per each train)

•

Four EDGs for two Divisions
(A pair of EDGs per each division)

•

PPS I&II is supplied from UAT&RAT through
PNS bus
Additional direct connection from RAT to safety
buses

•

PPS I (from UAT) and PPS II (from SAT) are
directly supplied

•
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Technical Issues (1/4)
 AFWS


ACRS Meeting (March 21-22 , 2017)





Trains (RAI 498-8595, Q 16-154.1b thru 1g)

Issue : No provision for the AFWS trains for one SG to supply
feedwater to the other SG. One faulted SG with a loss of offsite
power, and a single failure that disables one AFWS train
associated with the un-faulted SG, only one AFWS train will
remain available to perform the safety function
Response : LCO 3.7.5 and Note is revised according to staff’s
recommendations. Detail comments on LCO Condition, Required
Action and Completion Time was reviewed and the corresponding
response was submitted to NRC.
Status (Plan) : NRC staff is reviewing the submitted response.
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Technical Issues (2/4)
 Boron



ACRS Meeting (March 21-22 , 2017)



Mixing (RAI 17-7917, Q 15.04.06-1)

Issue : Complete RCS mixing assumption
Response : The CFX code has been used to determine the degree
of the lower plenum mixing
Status (Plan) : Adding new LCO to close the unborated water
source isolation valve. Follow-up request of additional information
was issued related to the isolation valve and pipe design, etc.
There is no current conclusion and it is still under discussion with
NRC
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Technical Issues (3/4)
 Surveillance

Requirements for B-10 atom percent
for SIT and IRWST (RAI 496-8630, Q 06-03)



Issue : If boron recycling is used, surveillance requirement for
atomic percent of B-10 should be specified in the Technical
Specifications.

• Response :
ACRS Meeting (March 21-22 , 2017)

• Boron recycling is described in DCD section 9.3.4.
• Operating experience shows that reduction of B-10 a/o is not
significant (19.8->19.6) for 15 years. (0.02 a/o for 18 months)
• The amount of reduction is equivalent to 4 ppm of boron
concentration for 18 months. (4 ppm = 4000 ppm x 0.02 /19.8)


Status (Plan) : Response is under review.
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Technical Issues (4/4)
 Applicability

Mode (RAI 498-8595, Q 16-153)

Issue : Table 3.3.5-1, Footnote (d) which states “When a steam
generator is relied upon heat removal” should be applied to the
Mode 4 Applicability of the AFAS on SG level – Low.
• Response :
• The Applicability of AFAS and CIAS functions in Table 3.3.5-1
will be extended to Mode 4 so that all ESFAS functions
include applicable Modes 1, 2, 3, and 4.
• This approach of APR 1400 TS is more conservative than the
STS that states only Modes 1, 2, and 3 for all ESFAS
functions.
• Footnote (d) “When a steam generator is relied upon heat
removal” will be applied to the Mode 4 Applicability of the
AFAS.
 Status (Plan) : Response will be provided.

ACRS Meeting (March 21-22 , 2017)
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Summary
 APR1400

Technical Specifications are the same as
the STS of NUREG-1432 in most respects
 Differences between APR1400 TS and STS are the
unique APR1400 design features related to
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Reactor Coolant System
Safety Injection System
In-containment Refueling Water Storage Tank
Auxiliary Feedwater System
Electrical Power System

Current Status


5 RAIs are under preparation
 Boron mixing, Table of Chap. 16 COL items, PRA, 2 editorial



All other responses were submitted
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Chapter 16 Generic Technical Specifications and Bases
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Staff Review Team

 Containment and Ventilation Branch .......................... Nan Chien, Raj Goel,
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 Overview of Chapter 16 (Bob Tjader)
 Technical Topics (Craig Harbuck)
• Defined Terms
• Requirements to Mitigate Shutdown Risk
• Requirements to Preclude or Mitigate Inadvertent Reactor
Coolant Boron Dilution
• Reactor Trip System and ESFAS Surveillance Requirements
• Control Element Assembly Calculator (CEAC) and Core
Protection Calculator (CPC) Action Requirements
• Auxiliary Feedwater (AFW) System
• Control Room HVAC System (CRHS)
• Accident Monitoring Instrumentation
• Setpoint Methodology for Limiting Safety System Settings
• General Issues

 Review Status Summary (Bob Tjader)
March 21-22, 2017
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DCD Chapter 16
1.0
1.1
1.2
1.3
1.4

42, 43, 44, 45, 8587, 8591, 8592

USE AND APPLICATION
Definitions
Logical Connectors
Completion Times
Frequency

2.0 SAFETY LIMITS (SLs)
2.1 SLs
2.1.1 Reactor Core SLs
2.1.2 RCS Pressure SL
2.2 SL Violations
3.0 LCO APPLICABILITY
LCO 3.0.1
LCO 3.0.2
LCO 3.0.3
LCO 3.0.4
LCO 3.0.5
LCO 3.0.6
LCO 3.0.7
LCO 3.0.8
LCO 3.0.9

March 21-22, 2017

30

58

STS Revision 2 version; TSTF-359

34, 44
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3.0 SR APPLICABILITY
SR 3.0.1
SR 3.0.2
SR 3.0.3
SR 3.0.4
3.1 REACTIVITY CONTROL SYSTEMS
3.1.1 SHUTDOWN MARGIN (SDM)
3.1.2 Reactivity Balance
3.1.3 Moderator Temperature Coefficient (MTC)
3.1.4 Control Element Assembly (CEA) Alignment
3.1.5 Shutdown CEA Insertion Limits
3.1.6 Regulating CEA Insertion Limits
3.1.7 Part Strength CEA Insertion Limits
3.1.8 Charging Flow
3.1.9 Special Test Exception (STE) – SDM
3.1.10 STE – MODES 1 and 2
3.1.11 STE – Reactivity Coefficient Testing
3.1.12 Unborated Water Source Isolation Valve

171
60, 171
171
171
44, 72.2, 171
171
171
74, 171
15.4.6-1, 15.4.6-7, 42, 139.1, 139.2, 139.3, 139.4, 139.5, 171
171
171
171
15.4.6-1

3.2 POWER DISTRIBUTION LIMITS
3.2.1 Linear Heat Rate (LHR)
3.2.2 Planar Radial Peaking Factors (Fxy)
3.2.3 AZIMUTHAL POWER TILT (Tq)
3.2.4 Departure from Nucleate Boiling Ratio (DNBR)
3.2.5 AXIAL SHAPE INDEX (ASI)

March 21-22, 2017

125

Chapter 16 Generic Technical Specifications and Bases

6

3.3 INSTRUMENTATION
3.3.1 Reactor Protection System (RPS) Instrumentation – Operating
3.3.2 RPS Instrumentation - Shutdown
3.3.3 Control Element Assembly Calculators (CEACs)
3.3.4 RPS Logic and Trip Initiation
3.3.5 Engineered Safety Features Actuation System (ESFAS) Instrumentation
3.3.6 ESFAS Logic and Manual Trip

137.1
42, 92, 137.1
103.2

112.5, 112.6, 153.1,
112.4, 114.4, 115.1, 115.2, 115.3,
116, 117.2, 117.3, 117.4, 117.5,
122.3a, 122.3b, 122.3c, 122.3d,
122.3e, 153.3
3.3.7 Emergency Diesel Generator (EDG) – Loss of Voltage Start (LOVS)
110.2, 110.4
3.3.8 Containment Purge Isolation Actuation Signal (CPIAS)
159
3.3.9 Control Room Emergency Ventilation Actuation Signal (CREVAS)
134.2, 134.5, 134.6, 134.7
3.3.10 Fuel Handling Area Emergency Ventilation Actuation Signal (FHEVAS) 135.4, 135.5, 135.8
3.3.11 Accident Monitoring Instrumentation (AMI)
7.5-1, 7.5-6, 123.1a, 123.1b,
3.3.12 Remote Shutdown Display and Control
7.4-8
3.3.13 Logarithmic Power Monitoring Channels
113.1, 15.4.6-7
3.3.14 Boron Dilution Alarms
15.4.6-1, 15.4.6-7, 113.1

March 21-22, 2016
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3.4 REACTOR COOLANT SYSTEM (RCS)
3.4.1 RCS Pressure, Temperature, and Flow Limits
3.4.2 RCS Minimum Temperature for Criticality
3.4.3 RCS Pressure and Temperature (P/T) Limits
3.4.4 RCS Loops – MODES 1 and 2
3.4.5 RCS Loops – MODE 3
3.4.6 RCS Loops – MODE 4
3.4.7 RCS Loops – MODE 5 (Loops Filled)
3.4.8 RCS Loops – MODE 5 (Loops Not Filled)
3.4.9 Pressurizer
3.4.10 Pressurizer Pilot Operated Safety Relief Valves
3.4.11
3.4.12
3.4.13
3.4.14
3.4.15
3.4.16
3.4.17

Low Temperature Overpressure Protection System
RCS Operational LEAKAGE
RCS Pressure Isolation Valve (PIV) Leakage
RCS Leakage Detection Instrumentation
RCS Specific Activity
Reactor Coolant Gas Vent (RCGV) Function
Steam Generator Tube Integrity

March 21-22, 2016

23.24
23.1, 23.2, 23.3, 23.5, 23.6
23.7, 145.1

23.8, 23.9
23.10, 23.11, 23.12
23.13, 23.14, 23.15, 149.2K
140, 149.2C, 149.2K,
23.19, 23.20a, 23.20b, 23.20c, 23.20d, 23.20e,
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3.5 EMERGENCY CORE COOLING SYSTEM (ECCS)
3.5.1 Safety Injection Tanks (SITs)
3.5.2 Safety Injection System (SIS) – Operating
3.5.3 Safety Injection System (SIS) – Shutdown
3.5.4 In-Containment Refueling Water Storage Tank (IRWST)
3.5.5 Trisodium Phosphate (TSP)
3.6 CONTAINMENT SYSTEMS
3.6.1 Containment
3.6.2 Containment Air Locks
3.6.3 Containment Isolation Valves (CIVs)
3.6.4 Containment Pressure
3.6.5 Containment Air Temperature
3.6.6 Containment Spray System
3.6.7 Containment Penetrations – Shutdown Operations
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6.3-10, 17, 46
210
149.2H, 149.2I
6.3-10, 149.2L

TSTF-523, 140.1, 140.2
25.4, 25.5, 149.1, 149.2G
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3.7 PLANT SYSTEMS
3.7.1 Main Steam Safety Valves (MSSVs)
3.7.2 Main Steam Isolation Valves (MSIVs)
3.7.3 Main Feedwater Isolation Valves (MFIVs)
3.7.4 Main Steam Atmospheric Dump Valves (MSADVs)
3.7.5 Auxiliary Feedwater System (AFWS)
3.7.6 Auxiliary Feedwater Storage Tanks (AFWSTs)
3.7.7 Component Cooling Water System (CCWS)
3.7.8 Essential Service Water System (ESWS)
3.7.9 Ultimate Heat Sink (UHS)
3.7.10 Essential Chilled Water System (ECWS)
3.7.11 Control Room HVAC System (CRHS)

3.7.12
3.7.13
3.7.14
3.7.15
3.7.16
3.7.17

150.1

150.2, 150.3, 154.1b, 154.1c,
154.1d, 154.1e, 154.1f, 154.1g
154.4, 154.5, 154.6
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24.12, 223.3b, 223.4a, 223.4b,
223.4c, 223.4e, 223.5b, 223.8
223.12, 223.16, 223.17a, 223.17c,
223.17d
Auxiliary Building Controlled Area Emergency Exhaust System (ABCAEES)
Fuel Handling Area Emergency Exhaust System (FHAEES)
Spent Fuel Pool Water Level (SFPWL)
Spent Fuel Pool Boron Concentration
Spent Fuel Assembly Storage
Secondary Specific Activity
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3.8 ELECTRICAL POWER SYSTEMS
3.8.1 AC Sources – Operating
3.8.2 AC Sources - Shutdown
3.8.3 Diesel Fuel Oil, and Starting Air
3.8.4 DC Sources – Operating
3.8.5 DC Sources – Shutdown
3.8.6 Battery Cell Parameters
3.8.7 Inverters - Operating
3.8.8 Inverters – Shutdown
3.8.9 Distribution Systems – Operating
3.8.10 Distribution Systems – Shutdown
3.9 REFUELING OPERATIONS
3.9.1 Boron Concentration
3.9.2 Nuclear Instrumentation
3.9.3 Containment Penetrations
3.9.4 SCS and Coolant Circulation – High Water Level
3.9.5 SCS and Coolant Circulation – Low Water Level
3.9.6 Refueling Water Level
3.9.7 Unborated Water Source Isolation Valve
3.9.8 Decay Time
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106a, 141.1, 141.2

141.1
141.1
141.1
B 3.8.8 Applicability section
141.1

140.5, 149.2, 149.2M
15.4.6-1, 15.4.6-7
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4.0 DESIGN FEATURES
4.1 Site Location
4.2 Reactor Core
4.2.1 Fuel Assemblies
4.2.2 Control Rod Assemblies

44

5.0 ADMINISTRATIVE CONTROLS
5.1 Responsibility
5.2 Organization
5.2.1 Onsite and Offsite Organizations
5.2.2 Unit Staff
5.3 Unit Staff Qualifications
5.4 Procedures
5.5 Programs and Manuals
5.5.1 Offsite Dose Calculation Manual
5.5.2 Primary Coolant Sources Outside Containment
5.5.3 Post-Accident Sampling
5.5.4 Radioactive Effluent Control Program
5.5.5 Component Cyclic or Transient Limit
5.5.6 Pre-Stressed Concrete Containment Tendon…
5.5.7 Reactor Coolant pump Flywheel Inspection ...
5.5.8 Inservice Testing Program
5.5.9 Steam Generator Program
5.5.10 Secondary Water Chemistry Program
5.5.11 Ventilation Filter Testing Program
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4.3 Fuel Storage
4.3.1 Criticality
4.3.2 Drainage
4.3.3 Capacity

5.5.12 Explosive Gas and Storage Tank Monitoring
5.5.13 Diesel Fuel Oil Testing Program
5.5.14 TS Bases Control Program
5.5.15 Safety Function Determination Program
5.5.16 Containment Leakage Rate Testing Program
5.5.17 Battery Monitoring and Maintenance Program
5.5.18 Control Room Envelope Habitability Program
5.5.19 Setpoint Control Program
setpoint methodology
5.6 Reports
5.6.1 Annual Radiological Environmental Operating Report
5.6.2 Radiological Effluent Release Report
5.6.3 Core Operating Limits Report (COLR)
5.6.4 RCS Pressure and Temperature Limits Report (PTLR)
5.6.5 Accident Monitoring Report
5.6.6 Tendon Surveillance Report
5.6.7 Steam Generator Tube Inspection Report
5.7 High Radiation Area
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 OPERABLE–OPERABILITY --- Open Item 16-30
 MODE
 CORE ALTERATIONS
 Reactor vessel (RV) level ≤ 119 ft 1 in
 ≤ top of hot leg at junction to RV
 ≥ minimum level for SC train operation (117 ft 4 in)

 RV level ≤ 127 ft ¼ in
 ≥ 3 ft below top of RV flange (130 ft ¼ in)
 KHNP uses the RG value of 3 ft below top of RV flange as being
suitable for APR1400 RCS
 Top of fuel assemblies is 112 ft 3.3 in
March 21-22, 2017
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 3.1.8, Charging Flow --- Open Item
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 Bases for Subsection 3.4.7 should describe unit configurations
in MODE 5 covered by ‘loops filled’
 Bases for Subsections 3.4.8 and 3.6.7 should describe unit
configurations in MODE 5 covered by ‘loops not filled’
 Status of pressurizer manway, steam generator manways,
reactor coolant gas vent (RCGV) valves, and RCS level
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 3.1.8, Charging Flow – Open Item*

 3.3.13, Logarithmic Power Monitoring Channels

March 21-22, 2017
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CHANNEL CALIBRATION
CHANNEL FUNCTIONAL TEST
ACTUATION LOGIC TEST
DCD Section 7.2 - Reactor Trip System
• Section 7.2.2.5
• Figure 7.2-11 RPS Testing Overlap
• Figure 7.2-16 Manual Reactor Trip Initiation Diagram
 DCD Section 7.3 - Engineered Safety Features Actuation System
• Section 7.3.2.5
• Figure 7.3-22, ESF-CCS Simplified Test Logic Diagram
• Figure 7.3-24 ESF-CCS Actuation Test Logic Diagram
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 “2. Subgroup of Actuation Logic channel A, C and B, D shall be tested
on a staggered basis.”
 Need assistance from applicant understanding subgroup designators
in provided list of ESF actuated components

March 21-22, 2017
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 Declare affected CPC channel inoperable in 1 hour, and within 1 hour,
place associated trip channel for reactor trip Functions (DNBR – Low, and
LPD – High) in bypass per LCO 3.3.1 Required Action A.1
• One CPC channel with one CEAC inoperable (Required Action A.1)
• One CPC channel with both CEACs inoperable (Required Action B.1)
 Else, take Required Action A.2 or B.2, as appropriate
• Clarification needed – is it permissible to choose to exit Actions of
LCO 3.3.1, and continue under LCO 3.3.3 Required Action A.2 or B.2,
since each affected CPC channel is technically still operable --- Open
Item 16-103.2
March 21-22, 2017
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 Two AFW mechanical divisions
 Each AFW system division has two diverse trains supplied by its own AFW
Storage Tank (AFWST) to provide feedwater to one associated steam generator
 The AFWST of one division cannot be directly aligned to supply pumps in the
other division – Open Item 16-154.5 (Justify 7 days to restore one AFWST)
• AFWST#1 and AFWST#2 may be manually connected using a pipe
between the bottoms of both tanks
 SG#1 provides steam to only the turbine driven pump in AFW division 1

March 21-22, 2017

Chapter 16 Generic Technical Specifications and Bases

23



(1b) The 7 day Completion Time to restore an inoperable steam supply
to the one turbine driven pump of the STS-assumed AFW system
design is not appropriate for one inoperable turbine driven pump in the
APR1400 AFW system design



(1c) STS typically specify 72 hours to correct a loss of redundancy
condition
 One or both SGs with one AFW train inoperable for APR1400



(1d) The Condition of one SG with two AFW trains inoperable may
warrant a Completion Time of < 72 hours to restore one train to
operable status



(1e, 1f, 1g) are editorial changes to conform to STS phrasing
conventions

March 21-22, 2017

Chapter 16 Generic Technical Specifications and Bases

24

 Should there be an LCO explicitly requiring this interlock to be
operable, along with appropriate actions and surveillances?

March 21-22, 2017
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 Types A, B, and C variable selection based on
 Regulatory Guide 1.97, “Criteria for Accident Monitoring Instrumentation for
Nuclear Power Plants,” Revision 4, June 2006, which endorses
 IEEE Std. 497-2002, “IEEE Standard Criteria for Accident Monitoring
Instrumentation for Nuclear Power Generating Stations,” 2002

 Type A variable relied on by operator to perform manual actions credited in
transient and safety analyses as described in DCD Tier 2
 Type B and C variables needed by operator to implement emergency
operating procedures (EOPs), which are derived from APR1400
Emergency Procedure Guidelines (EPGs)

 Instrumentation, Controls, and Electrical Engineering Branch (ICE); and
 Reactor Systems, Nuclear Performance, and Code Review Branch (SRSB)
March 21-22, 2017
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 ARP1400-F-C-NR-14001P, Rev. 0, “CPC Setpoint Analysis Methodology for
APR1400,” July 2014
 APR1400-Z-J-NR-14004-P, Rev. 0, “Uncertainty Methodology and Application
for Instrumentation,” November 2014
 APR1400-Z-J-NR-14005-P, Rev. 0, “Setpoint Methodology for Plant Protection
System,” November 2014
 Review status to be provided by ICE and SRSB
 Selection of “margin” from the AV (draft NTSP, or LTSP) to calculate NTSP
 Statistics for combining uncertainties
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 which have been incorporated in NUREG-1432 (digital), Revision 4; or
 approved since issuance of NUREG-1432 (digital), Revision 4.
Open Items 507-8587, 509 8591, and 508-8592
Correction of grammatical and typographical errors
Replacement of inapplicable content taken from STS Bases
Addition of missing content to the Bases
Clarification of submitted content in the Bases
Conformance to STS style, punctuation, phrasing and formatting
conventions
 Resolution of inconsistencies, both within Chapter 16 and with the DCD
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 Systematic evaluation of design and safety analyses against the LCO
selection criteria was not done
 Core Protection Calculator (CPC) Auxiliary Trip Functions
 DCD Tier 2, Table 7.2-4, RPS Design Inputs
 Bases should explain whether operability and testing of CPC Auxiliary Trip
Functions are required by GTS Subsection 3.3.1 as part of the reactor trip
Functions of Low DNBR and High LPD in MODES 1 and 2

 Charging flow Hi-Hi instrumentation (See 16-139.3; Subsection B 3.1.8)
• Automatic closure of flow restriction orifice bypass valve to limit charging flow to 180 gpm

 Based on ... DCD Tier 2, Section 15.4, and the applicant’s response to
RAI 340-8395, Question 15.4.8-5, it appears that the CPC VOPT
Function, as well as the RPS VOPT Function, ought to be explicitly
required by LCO 3.3.1 in Table 3.3.1-1.
 Addresses Specifications only; Bases not included
 Insufficient to conclude that proposed GTS satisfy 10 CFR 50.36(c)(2)(ii)
March 21-22, 2017
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•
•
•
•
•
•
•
•
•
•

New Definitions (i.e., MID-LOOP) resulting in numerous LCO differences and
operational MODES based upon RCS cold leg versus average temperature)
Adequacy of RCS water level of 127 ft ¼ in, with loss of SC, but with SI operable
Requirements to prevent inadvertent reactor coolant boron dilution
I&C surveillance requirements & testing
ESFAS Actuation Logic of components/trains
AFW Required Actions & Completion Times appropriate to the APR1400 design
CRHS Required Actions and Surveillances
Accident monitoring instrumentation requirements
Application of LCO selection criteria, TSTF disposition & COL action items
Administrative and editorial differences
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CHAIRMAN SUNSERI:
to call this meeting to order.

All right.

We're going

It is the resumption

of the review of the APR1400, Chapters 13, 16, and 6.
Yesterday we completed Chapters 13 and 16, and we
will pick it up today with Chapter 6.
Before you, you have a revised schedule
that pulls up everything into today, and we will just
work through the schedule.
that will be great.

If we get finished today,

If not, we do have some time

tomorrow that we can spill over into tomorrow.
Okay.
the members.
Kirchner,

Having said that, let's introduce

With us today we have Joy Rempe, Walt

Jose

March-Leuba,

John

Stetkar,

Ron

Ballinger, Matt Sunseri, Mike Corradini, Dana Powers,
Gordon Skillman, and our Designed Federal Officer is
Christopher Brown.
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We will now start the meeting with -- I
guess I should ask Jeff if he got any -- no?
No?

All right.

Okay.

So, we will just turn it over to KHNP

for your presentation on Chapter 6.
MR.

TAK:

Good

morning,

ladies

and

gentlemen.
I am SungHyun Tak from KEPCO E&C.
presentation
Safety

is

for

Chapter

6,

This

Engineered

Features, ESF for APR1400.
Next.

This slides shows the contents of

Chapter 6, Overview, Section Summary, and Summary.
Next.

Overview of eight sections and

presenters are shown from this slide, from 6.1 to 6.8.
Next.

These documents are submitted for

Chapter 6.
Next slide.

Now I am going to talk about

Section 6.1, Engineered Safety Features Materials.
Here are two Subsections, 6.1.1, Metallic Materials,
and 6.1.2, Protective Coatings and Organic Materials.
Next.
compatibility
containment

with

spray

ESF materials are selected for
core
solution.

cooling
ESF

coolants

and

components

are

designed and manufactured in accordance with ASME for
the 2007 edition and 2008 agenda.

And ESF pressure

9

retaining

materials

with

the

applicable

material

requirements are ASME Section III and the applicable
ASME Section II material specifications.
Reactor

coolant

water

chemistry

is

controlled by the chemical and volume control system.
The containment spray water from the in-containment
refueling

water

storage

tank

is

controlled

by

trisodium phosphate in the holdup volume tank to
maintain pH during a loss-of-coolant accident.
The material used in the chemical and
structural inside the containment are selected to
minimize corrosion and hydrogen generation resulting
from

contact

with

spray

solutions.

The

use

of

aluminum and zinc is minimized in the containment, to
minimize the hydrogen gas with a chemical reaction
with the core cooling or containment spray solutions.
MEMBER POWERS:

When you say "minimized,"

what does that mean?
MR. TAK:

We have to minimize aluminum and

zinc for as little as possible.
MEMBER CORRADINI:

So, I guess Dana's

question would be, since minimum doesn't mean zero,
where does it appear?
MR. YOON:

Okay?
I am JaiHwa Yoon, KEPCO E&C.
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The minimization of the aluminum and zinc
is

compound

concentration

to

the

analysis

analysis

and/or

of

the

another

hydrogen
necessary

evaluations; for example, the GSI-191 chemistry packs
and the necessary system.
MEMBER POWERS:

Well, it is a little bit

surprising -MR. YOON:

So, there is no criteria for

the amount of the aluminum and zinc.

We try to

minimize, just minimize the aluminum and zinc.
MEMBER POWERS:

Suppose I put aluminum in

a nice basic solution like pH10 -MR. YOON:

pH?

MEMBER POWERS:
phosphate.

-- pH10 for trisodium

What happens to it?
MEMBER BALLINGER:

It's a bad hair day.

(Laughter.)
MEMBER POWERS:
hydrogen coming off.

And you get a little

And I don't quite understand

what you have minimized by keeping the solution basic
and, then, keeping the aluminum down.

I mean, it

seems to me that the aluminum is getting corroded by
your trisodium phosphate solution pretty badly.
MR. IM:

My name is ImYoung Im from KEPCO
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E&C.
When we write component to specification,
preliminarily we recommend not to use aluminum or
zinc, but the vendors request us this composition is
necessary.

And there's no other choice then.

We have

to accept that, and we provide that information to the
hydrogen -MEMBER CORRADINI:

So, I figured that was

a practical issue.
MR. IM:

Yes.

MEMBER CORRADINI:
back-calculations

to

kind

of

But have you done some
answer

Dr.

Powers'

question, that how much, given a set of assumptions,
how much aluminum or zinc is too much?

I mean, is

there some calculational estimates so that you know
when to say to the vendor no?

Do you know what I'm

asking?
MR. IM:
is

an

analysis

Yes, but I am afraid that there

that

exceeding

--

the

hydrogen

generation is exceeding the criterion.
MEMBER BALLINGER:
going to get to GSI-191.

But I am sure we are

But, with aluminum, there is

a calculation that I am sure has to be done with
respect to GSI-191.

So, if the amount of aluminum

12

that's in the containment becomes minimum, you would
have to define what minimum actually is, in order not
to exceed the debris issue with GSI-191.
So,

somewhere

there

specification, I would assume.
zinc is in here.

has

got

to

be

a

And I don't know where

I have never heard of it, actually.

MEMBER POWERS:

You've never heard of

zinc?
(Laughter.)
MEMBER BALLINGER:

I've heard of zinc, but

not inside containment.
MEMBER POWERS:
respect

to

zinc,

does

Well, there's a lot.
this

mean

that

you

With
are

restricting the use of zinc primers for your epoxy
coatings?
MR. YOON:

I don't know that, but they are

-- I know that the zinc is not considered in the
chemical

impacts

of

GSI-191.

But

the

zinc

is

considered to the evaluation of hydrogen analysis.
MEMBER POWERS:

Yes, usually, that is

looking at galvanized materials.

But you have a lot

of zinc -- I can't say that everybody, but a lot of
people use a zinc primer for the containment shell and
elsewhere where they are putting an epoxy paint on it.
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And does that mean you're just restricting the use of
the zinc primer, and if you don't use the zinc primer,
what primer do you use?
MR. YOON:

I need to check.

I need to

check -MEMBER POWERS:
MR. YOON:

Excellent.

That's fine.

-- the use of zinc with the

primer, yes.
CHAIRMAN SUNSERI:

So, maybe another way

to ask this question is, I'm looking at the DCD, page
6.1-6, and there's a statement that says, "The surface
area of aluminum inside the containment that can be
exposed to spray water is limited to a design of less
than 281 square meters."
that?

So, what's the basis for

I mean, there must have been some analysis to

say that amount produces something when it reacts and
we want to limit that, I presume.
MR. YOON:

Read one more time the section

number.
MEMBER CORRADINI:

Section 6.1.1.2.1.

(Laughter.)
MEMBER POWERS:
today.

You're feeling your oats

That's what you're doing.
(Laughter.)
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MEMBER CORRADINI:

I was told to read it;

I read it.
(Laughter.)
(Pause.)
It's under, according to your document,
it's

under

Engineered

Safety

Features

Materials,

Metallic Materials for containment spray and core pool
compatibility.
But I think all we are asking -- and it
doesn't have to be answered today -- but all we are
asking eventually is just to get some understandable
basis
MR. YOON:

I know that the surface area is

calculated by the APR1400 by using the -CHAIRMAN SUNSERI:
the question.

Okay.

Well, we have lodged

So, you can note that.

MEMBER BALLINGER:

But, if you look at

that number, what Member Powers is saying, using zincbased primer in the containment shell, that doesn't
count.

Two hundred and eighty-one square meters is

very, very small compared to the containment shell.
CHAIRMAN SUNSERI:
MEMBER BALLINGER:
me.

All right.

Got it.

Well, this is aluminum.
Oh, aluminum?

Excuse
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CHAIRMAN SUNSERI:

Okay.

Thanks.

He got

it.
MR. TAK:

Okay, next slide.

Protective

coatings and organic materials are described in this
Subsection.

Regulatory Guide 1.54, and related is

ASTM D5144 for protective coating, D3843 for quality
assurance, D3911 for DBA tests, and others apply.
Coatings Service Levels -MEMBER
you're

coming

direction.

CORRADINI:

back

to

it

I'm

and

I

sorry.
am

Maybe

missing

the

There was an open item about the IRWST

coating for treatment of the surface.

Are you going

to come to that later?
MR. TAK:

One more time, please.

MEMBER CORRADINI:

There is an RAI, an

open item RAI, in the SER entitled, "IRWST Liner Protection Against Corrosion".

And I just wanted to

understand the basis of what you have to provide for
the IRWST for further information.

I assumed it was

stainless steel lining, but maybe I am incorrect.
(Pause.)
I can give you the RAI number.
MR. YOON:

I know what your question is.

MEMBER CORRADINI:

Okay.

If you want to
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wait and come back, that's fine.

I just wanted to

make sure I understood where that sits.

Because you

have a unique IRWST with a feeding volume that I am
still trying to understand.

So, it kind of connects

back to where it is and what the concern is about
corrosion.

So, you can come back to it when it is

appropriate.
MR.

YOON:

Yes.

I

will

give

your

questions to our engineers.
MEMBER

CORRADINI:

Yes,

that's

fine.

Thank you.
MR. TAK:

Okay, continue.

Let's continue.

Coating Service Level is classified in
accordance with Regulatory Guide 1.54.

Service Level

I and III coatings are safety-related, and Service
Level II coating is non-safety-related.
Coating quality assurance and maintenance
requirements

meet

10 CFR

50,

Appendix

B,

and

10 CFR 50.65.
Organic

materials

are

used

for

cable

jackets, cable insulators, reactor coolant pumps,
lubricant, as shown on this slide.
Next.
MEMBER POWERS:

In the long-term, what
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kind of corrosion do you get from hydrochloric acid
coming off your cable jacketing material?
MR. YOON:
MEMBER
chlorosulfonated

One more time.

POWERS:

Well,

polyethylene

cable jacket material.

and

you're

using

polychloroprene

It is in the containment.

It

is subject to a certain amount of dose, a certain
amount

of

temperatures.

coming off it.

So,

you

get

low-HCL

And I just wondered, in the long-term,

does that cause you any localized corrosion problems?
(Pause.)
CHAIRMAN SUNSERI:

While we are waiting, I

just want to acknowledge for the record that Charlie
Brown has joined, Member Charlie Brown has joined.
MR. D. LEE:

My name is Dongsu Lee.

I'm

the Project Engineer from KEPCO E&C.
When we calculate the pH during a long
time

in

that

calculating

location,

how

much

at

the

exceeding

time

that

material

we

are

from

the

organic high-power cables, and we calculate that pH
during a long time.
MEMBER POWERS:

I was really wondering if

you got any HCL, enough HCL coming off during normal
ops to cause localized corrosion problems from the
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chlorosulfonated polyethylene.
MR. D. LEE:

During normal --

MEMBER POWERS:
MR. D. LEE:

During normal operations.

Yes.

But, when you calculate

it, the time is that we assumed 60 years, a long time,
60 years lifetime.
MEMBER POWERS:
MR. D. LEE:
condition,

output

and

Okay.
We also considered LOCA

data,

and

radiation

as

a

constant for that.
MEMBER POWERS:
MR. D. LEE:

Yes.

MEMBER POWERS:
MR. MUN:

Oh, okay.

I understand.

Thank you.

I'm Seongchang Mun.

CHAIRMAN SUNSERI:

It's okay.

You can

continue.
MR. MUN:
E&C.

My name is Seongchang Mun, KEPCO

I am responsible for the containment pressure

and temperature analysis for containment functional
design.
CHAIRMAN SUNSERI:

Could you maybe move

your microphone a little closer?
closer.
MR. MUN:

Thank you.

Yes, a little
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Section
containment
removal

6.2,

functional

systems,

this

Section

design,

containment

covers

containment
isolation

heat

system,

combustible gas control in containment, containment
leakage testing, and, lastly, fracture prevention of
containment pressure vessel.

I am going to talk about

the Subsection 6.2.1, Containment Functional Design.
APR1400 containment functional design is
based on the relevant legacy requirements, such as
General Design Criteria, Regulatory Guides, Standard
Review Plans, and design standards.
When we got to the regulatory basis, we
have
mass
for

three
energy

categories:
analyses

containment

and

the
and

and

regulatory
the

basis

regulatory

subcompartment

for

basis

pressure

temperature analysis, and, plus, the regulatory

basis

for

minimum

containment

pressure

for

performance. Mass and energy release analysis conform
to

the

GDC

SRP 6.2.1.4.

50,

Appendix

A,

and

SRP 6.2.1.3,

and

That is the regulatory requirements for

the design of containment and subcompartments, GDC 4,
16, 38, and 50 applies.
and

SRP 6.2.1.1.A

and

The Regulatory Guides 1.206
6.2.1.2

state

how

the

containment and subcompartments shall be designed to
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meet the requirements of the GDC.

ANSI/ANS 56.4 and

56.1 provide the recommendations for the pressure and
temperature

analysis

for

containment

and

subcompartments.
For

the

minimum

containment

pressure

analysis for performance capability studies of the
ECCD, 10 CFR 50, Appendix K, Regulatory Guide 1.157,
SRP 6.2.1.5, and

BTP 6-2 applied as the regulatory

requirements.
I am going to talk about the mass and
energy release analyses.

Mass and energy release

analyses

are

as

periods:

blowdown, refill, reflood, and post-reflood

categorized

and decay heat.

the

following

time

Post-reflood and decay heat is

described in the next slide.
For the blowdown, the blowdown period
extends from the time zero until the primary system is
essentially depressurized to the containment pressure.
The CEFLASH-4A computer code is used for the analysis
for this blowdown phase.
Next, the first post-blowdown period is,
we

call

it

refill.

However,

this

period

is

conservatively omitted from the analysis.
And

the

next

phase

is

reflood.

The
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reflood is assumed to end when the liquid level in the
core is 2 feet below the top of the active core.
MEMBER CORRADINI:

I don't think this is

where you are going to answer the question, but let me
pose my question.
LOCA dominates.

So, this is assuming a large-break

Where should we look -- I'm assuming

Chapter 15, but I couldn't find it in 6 -- where
should we look for an analysis of break spectrum to
verify that the peak clad temperature you are most
concerned about is large-break?
We have seen, the Committee has seen in
other analyses for other applications that it may not
necessarily be a large-break peak clad temperature.
So, is some sort of break spectrum analysis done in
Chapter 15?
MR. MUN:

Yes, right.

MEMBER CORRADINI:

So, we should look

there when we get to that?
MR. MUN:

Yes.

MEMBER CORRADINI:

Okay.

So, just to give

us a helpful hint, maybe where to look would be
appreciated.
MR. IM:

This is release analysis to

maximize the containment pressure.
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MEMBER CORRADINI:

So, this is only for

M&E?
MR. MUN:

M&E.

MEMBER CORRADINI:

Okay.

Excuse me then.

Okay.
MR. IM:

The maximum break.

MEMBER CORRADINI:

So, this is only for

equipment qualification conditions?
MR. IM:

Yes, and as part of the --

MEMBER CORRADINI:

All right.

Then, I

misunderstood.
MEMBER REMPE:

So, along those lines,

since we have interrupted you, the staff mentioned
about the issue of thermal conductivity degradation
and

how

the

analyses

in

their

consider that in the models.

Draft

SE

did

not

Are you planning in

subsequent updates to the DCD -- because this was
discussed when we discussed Chapter 4, and it was an
open item.

And I know the staff had said they were

getting close to resolution.

Will you redo these

analyses in an update to this section?
MR. IM:

For the DCD?

MEMBER REMPE:

Yes.

Because it seems like

there might be more energy transferred.

23

MR. IM:

Yes, my coworker can answer for

your questions.
MR. S. PARK:

I am S. J. Park from KEPCO

E&C.
We did mass/energy release analysis, and
we presented the result to NRC.
DCD and the Technical Report.
briefly

to

the

effect

And we revised the

In the DCD, we are back

of

electricity

for

the

mass/energy analyses.
MEMBER REMPE:
sure understood that.

Okay.

So, I am not quite

So, you may have to repeat it.

But is the bottom line that you will be updating
these analyses -MR. S. PARK:
MEMBER REMPE:
large effect?

Yes.
-- or that it was not a

I didn't quite hear.

MR. S. PARK:

We see the effect for

mass/energy analysis is -- we ponder.

We increase the

400-degree Fahrenheit of the pressure and temperature,
and the result is very small.
MEMBER REMPE:

Okay.

MEMBER CORRADINI:

Thank you.

So, just to be sure, it

is not that you recalculated accurately?
sensitivity by increasing it by 400 --

You did a
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MR. MUN:

Yes.

MEMBER CORRADINI:
that?

-- and then, looked at

Okay.
MEMBER REMPE:
MR. MUN:

Thank you.

Yes, we use FLOOD3 computer code

for the mass and energy release during the reflood
phase.
Next slide.
reflood.

The following page is post-

During this period, the dominant process is

the continued cooling of the steam generators by the
Safety Injection System water leaving the core.

We

also used FLOOD3 code for this phase.
Finally, the final post-blowdown phase is
the decay heat period.

During this period, all the

residual energies from the primary system and the
steam generator secondary system metal and coolant
with the core decay energy are taken into account for
steaming the coolant.

The GOTHIC computer code is

used for the mass and energy release calculation for
this period.
MEMBER CORRADINI:
the chapter and I missed it.

So, maybe it exists in
But, if one were to pick

up and look at the partition of the energy from these
various periods -- and I don't remember for equipment
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qualification -- is it just the short-term energy and
mass release that dominates?

I am most curious about

the decay heat period for long-term cooling.

And I

assume long-term cooling means three days?
MR. MUN:
MEMBER

I don't know.
CORRADINI:

I

am

trying

to

understand the qualification in terms of mass/energy
release by period.
MR. MUN:

Yes.

MEMBER CORRADINI:

Is it dominated by the

initial blowdown phase and reflood phase?
MR. MUN:
pressure
reflood.

is

Yes.

determined
And

after

You know, no, the peak

prior
the

to

the

following

end

of

the

period,

the

following phase is post-reflood and the decay heat
period.

We call it the long-term cooling period.
And after the end of the post-reflood, all

the peak condition and containment pressure, peak
pressure and temperature was determined before the end
of the post-reflood.

So, after the end of the post-

reflood, we used the decay energy -- the decay energy
contributed to energy release.
MEMBER CORRADINI:

But, also, you have got

all the stored energy everywhere else.
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MR. MUN:

Yes.

MEMBER CORRADINI:

That is why you use

GOTHIC?
MR. MUN:

Yes.

MEMBER CORRADINI:
restate my question.

Okay.

But let me

And then, again, you can --

maybe it is dependent upon the component as to whether
or

not

you

have

to

temperature behavior.
equipment

worry

about

the

long-term

Because, normally, when you do

qualification,

it

is

not

just

necessarily the temperature limit, but it is the time
at temperature for the particular component, depending
on its material.
So,

is

that

the

reason?

So,

this

signature is done and, then, you apply it differently
for different components?
MR.

IM:

Yes,

based

on

the

pressure/temperature analysis, we generate a plot for
the time to the pressure and temperature.

So, there

are two kinds of codes that are generated, like for
the LOCA and for the MSLB.
MEMBER CORRADINI:

For the cases you show,

yes.
MR.

IM:

Yes.

And

these

codes

are
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provided to the vendor to make the clarification.

So,

all this bounding code applies to the safety-related
qualified components.
MEMBER
Okay.

CORRADINI:

Okay.

All

right.

That helps me.
My second questions is, I am curious about

GOTHIC.

Using

GOTHIC,

do

you

have

to

choose

appropriate parameters to give you a bounding pressure
and

temperature?

understanding
estimate.

of

Because,
GOTHIC,

at

it

is

least
must

as

more

my
best

It is going to give you a more realistic

pressure and temperature versus a bounding.

So, how

does this -- or maybe this is going to be a different
part of the DCD we are going to discuss this.
the

parameters

chosen

to

give

you

a

How are
bounding

signature?
MR. MUN:
GOTHIC

is

wider

GOTHIC, of course, I know the

used

for

the

best

estimate

and

calculations, analysis.
MEMBER CORRADINI:

So, what do you do to

it to make it bounding?
MR. MUN:
condition.
bounding

Bounding?

It is the bounding

In the analysis, we used it, we used the
value

for

the

initial

condition,

plus
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temperature and relative humidity.
MEMBER CORRADINI:
MR. MUN:

So, the initial peak?

Yes, right.

MEMBER CORRADINI:

And what was used,

since I'm guessing -- I couldn't find it -- what was
used to create the bounding condition?
wasn't adiabatic.

I am sure it

So, you must have had some sort of

heat transfer coefficient to the cold wall.
MR. MUN:

Bounding condition just means --

let me speak in Korean to my coworker.
MEMBER CORRADINI:

Sure.

That's fine.

That's fine.
(Pause.)
MR. MUN:

Yes, usually the GOTHIC is used

for best estimate analysis.

We use GOTHIC with the

most conservative model, especially -MEMBER CORRADINI:
MR. MUN:

I'm sorry?

MEMBER CORRADINI:
MR.

So, adiabatic?

MUN:

For

Adiabatic?

Insulated, yes.
instance,

the

GOTHIC

containment models include lots of passive heat sink,
heat structure, and the outside of the heat structure
is treated as adiabatic.
MEMBER CORRADINI:

Okay.
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MR. MUN:

That is one of the conductive

assumptions for our model.
MEMBER CORRADINI:
MR. MUN:

The outside surface?

Outside is adiabatic.

MEMBER CORRADINI:

Okay, but just to pick

a little bit, the inside resistance is condensation,
heat transferred to the cold wall.

So, what is used

as that -MR. MUN:

Yes, we usually -- during the

high-temperature and the pressure condition in the
containment
structure
containment

environment,
is
is

the

exposed.
on

the

surface

That
wall.

of

exposure
The

the

heat

to

the

condensation,

radiation, and conduction occurs.
And we use a most conservative model -MEMBER CORRADINI:
MR. MUN:

Which was?

-- for the wall condensation

model, a model we call the Tagami-Uchida.
MEMBER CORRADINI:

Okay.

And that is the

accepted conservative approach?
MR. MUN:

Yes, right.

MEMBER CORRADINI:

Okay.

I thought so.

just wanted to make sure.
MR. MUN:

Yes.

Thank you.

I
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MEMBER

REMPE:

So,

while

we

are

sidetracked, let's talk about nodalization that you
used

for

the

GOTHIC

model.

Was

nodalization that you later used?

it

the

same

The number of

control volumes that you used for GOTHIC, were they
the same as what you used for your MAAP analysis?

Or

did you use smaller control volumes for GOTHIC?
MR.
increases

MUN:

Of

your

course,

higher

smaller

containment

volume
peak

pressure/temperature.
MEMBER REMPE:
MR. MUN:
used

Uh-hum.

Of course.

the

smallest

Besides more control
higher-toxic

water

volume,

we

volume.

All of the conditions are biased to maximize

the containment peak pressure.
MEMBER REMPE:

Okay.

So, you used a more

refined -- because I didn't see it.

Like, on Chapter

19, there's a nice little diagram that shows the
number of control volumes for MAAP.
that for GOTHIC.

I did not find

But you did use a more refined

number of control volumes in your GOTHIC analysis?
He is shaking his head yes?
MR. IM:

Yes, define this small --

MEMBER REMPE:

Okay.

Because I know the
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staff

had

pushed

you,

had

asked

for

sensitivity

studies for nodalization, and I believe it was for
GOTHIC.

And you had said, hey, the pressure didn't

change.

And

sensitivities.

so,

we

But

don't
you

do

need
have

to
a

do
more

any

more

refined

nodalization scheme for GOTHIC.
And so, later on, when we start talking
about hydrogen and combustible gas generation, I am
curious if you did any comparisons between the results
obtained from MAAP with this very large dome control
volume in the top of MAAP versus what you got for
GOTHIC.

Because that would provide me confidence if

you saw any differences, if you have those kinds of
results to compare.
And I'm kind of going off-topic, but I am
curious about this because you have CONTEMPT and you
have GOTHIC and you have MAAP analyses, and I am
curious on how they compared.
MR. S. PARK:

I am S. J. Park from KEPCO

E&C.
When we calculate the CONTEMPT peak heat
using the GOTHIC, we use the LOBSTER (phonetic) model,
only one.

That is more comfortable, very, very

comfortable, but we only want containment volume.
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MEMBER

REMPE:

Also,

it

was

a

very

large -MR. S. PARK:
MEMBER REMPE:
MR. S. PARK:
MR. MUN:

Yes.
Only one big -Yes.

Just a minute.

Let me speak in

details.
Our containment model has totally five or
six

volumes.

containment.

The

one

largest

volume

is

the

It does not include the IRWST volume.
And the second largest volume is IRWST

volume.

It is below the containment volume.

And

these two elements are connected with a flow path.
MEMBER REMPE:
MR. MUN:

Okay.

On either side we also use the

mass/energy release for the decay heat release period,
long-term period.
I'm sorry.

Actually, two containments --

and IRWST volume is used for containment of peak
pressure and temperature, yes.
MEMBER REMPE:

Okay.

I guess to make it

clear in my mind -- and this is just not for Chapter
6; it is for Chapter 15 and 19 -- it would really help
if we could see the different nodalization schemes you
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used with CONTEMPT, GOTHIC, and MAAP.

And actually,

even there was an RAI 497825 where you actually listed
the volumes, and the numbers there -- I want to have
some confidence you used the same volume total for the
net-free volume in these different analyses.
And again, maybe it is just I am having
trouble because there were changes made in where we
are at, but it would helpful me if I could see that
consistent volumes were used in these analyses and
what the different nodalization schemes were.

And if

there were any results where you could show that it
was appropriate to have a very large dome volume for
the

hydrogen

generation

and

the

potential

for

combustible gas generation, I would be curious.
Because in other designs that had large
containments, there was concern about stratification,
and you might have -- because you had a more refined
nodalization,

you

might

have

higher

hydrogen

concentrations.
So, again, I wanted to bring this up
sometime today, and I am getting way off-topic, but
this is the first time I saw a containment analysis.
So, I am bringing it up now.
MEMBER CORRADINI:

Okay?
I'm sorry, I just want

34

to make sure that the purpose of each of these is
different.

That is why, for M&E analysis, you are

looking to give a bounding signature for equipment
qualification, and that is what we are talking about
now.

Whereas,

I

think

Dr.

Rempe

is

thinking

downstream where there are other application areas.
MEMBER REMPE:

But, again, when you have

downstream these very large volumes, if we could get
some confidence that it is okay to use that with these
other

analyses

helpful.

with

other

purposes,

it

would

be

And that is why I am bringing it up.
MEMBER CORRADINI:

Okay.

So, let me

return to this one, just so you can understand my
question.

So, the reason I was asking about the

internal -- and this is what I thought you were going
to tell me -- but it seems to me that the peak on the
signature

is

containment.

a

function

of

the

model

inside

But, once I hit the peak, all subsequent

analysis signatures are a function of just conduction
into the solids, because that dominates, essentially,
the resistance.
So, what I guess I was curious about is,
the

reason

I

asked

about

the

model

is,

how

you

determined the peak pressure that you come up to.

And
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then, it kind of just sits there and hovers.
And then, if I remember correctly, TagamiUchida are essentially a volume, it is a volume model.
There is no nodalization issue.
what the volume is.

It doesn't matter

It is link-scale-independent?

So, for this at least, it doesn't matter.
MR. SISK:

This is Rob Sisk.

MEMBER CORRADINI:

Just to be clear, it

will matter for what Dr. Rempe is worried about later
on.
MEMBER REMPE:

Yes, I just brought it up

since we disturbed the flow of conversation.
MR. MUN:

The analysis is called for the

model, how do we build the -- how do we configure the
reactor volume.

It is dependent, can be different

depending on what we publish.
MEMBER REMPE:

And that is what Professor

Corradini was saying, and I agree.

But, again, having

some sort of comparison of the different volumes, and
if you did assume a different value for a particular
reason, but because you did not do the nodalization
study, and I think that is very important later on
with the combustible gas generation, if you are going
to try to use a very large volume, I think it would be
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helpful if you did see with some of these other
analyses that there was no stratification.
MR. MUN:

Yes, I will go on.

Yes. LOCA or mass analyses are performed
for spectrum of a break location and safe condition
flow.

A total of five cases of LOCA we analyzed.

It

includes double-ended hot leg slot break, double-ended
suction leg slot break with maximum or minimum safety
injection flow, and double-ended discharge leg slot
break with maximum or minimum safety injection flow,
and double-ended -- yes, we included five cases.

For

the single failure, one emergency diesel generator
failure we considered.
Next.
pipe rupture.

I will talk about the secondary

To determine the effect of a main steam

line break on the continuing pressure, mass and energy
analysis -- and just SGN III computer code -- are
performed at five core power levels.
The break size of spectrum is performed to
determine the largest breaks at which a pure steam
blowdown can occur.

As a single failure, a main steam

isolation valve failure while a containment spray
system failure is considered.

A main feedwater line

break is bounded by the main steam line break because
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main feedwater line break is in two-phase blowdown at
the low energy.
Next.

For APR1400 containment pressure

and temperature level analyses, the computer code
GOTHIC

is

containment

used
model

in

the

used

analysis.

conductive

The
of

GOTHIC

break

flow

models, the classic drop model and heat transfer model
on the wall.
All the assumptions of initial conditions
in other models are set to maximize the containment
pressure and temperature result.

For the analysis

result, as shown in the table, the maximum containment
pressure is calculated as a 51.2 psig, which means the
containment design has a 14.7 percent pressure margin
over the calculated peak pressure.
containment

pressure

at

24

In addition, the

hours

after

accident

initiation is maintained, far less than 50 percent of
calculated peak pressure.

From this result, it is

demonstrated that our containment design meets the
requirement regarding the design limits for maximum
pressure and pressure limit at 24 hours.
Next.

For

the

containment

subcompartments, this figure, Section 6.2.1.2 provides
subcompartment analysis for the steam generator rooms,
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pressurized

room,

pressurized

spray

valve

rooms,

regenerative heat exchange room, and the letdown heat
exchange and valve rooms.
energy

line

breaks

Most conservative high-

is

subcompartment analysis.

postulated

for

each

The computer code COMPARE-

MOD1A is used in the subcompartment analysis.
Based on the analysis result, the maximum
pressure of each subcompartment is well maintained
less the design limit with more than 40 percent over
pressure margin.

From the result, it is demonstrated

all the containment subcompartment designs meet the
requirements

regarding

the

design

limit

for

the

maximum pressure described in this Section 6.2.1.2.
We have no open item with subcompartment analysis.
Next.
analysis

for

performed.

the
The

The minimum containment pressure
ECCS

performance

analysis

is

capability

performed

using

is
a

conservative methodology for calculating the minimum
containment pressure for ECCS performance which is
described

in

the

10 CFR

Part

50,

Appendix

K,

requirements.
RELAP5/MOD3.3

and

the

CONTEMPT4/MOD5

computer code are used for calculating the mass and
energy release and the pressure as the containment
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responds, respectively.

The analysis results are

presented in this DCD Section 6.2.1.5.

We have no

open item with this analysis.
Next.
MR. YOON:

I am JaiHwa Yoon.

I'm going to

talk about the Subsection 6.2.2 and the following
sections.

This Subsection of the containment spray

system is the containment heat removal system.
containment spray system has two functions.
one

is

to

reduce

temperature

following

current accident.
fission

products

following

the

LOCA,

containment

the

MS

line

The

The first

pressure
break

or

and
also

The second one is to remove heat
from
which

the
is

containment
addressed

in

atmosphere
Subsection

6.5.2.
The system has two 100-percent capacity
divisions

which

mechanically.

are

separated

physically

and

Each division has one containment spray

pump, one containment spray heat exchanger, and one CS
pump mini-flow heat exchanger, and the spray nozzles.
In addition, the system has an emergency containment
spray backup system for severe accident management.
Next.

This is just a quick diagram for

the containment spray system.

In an APR1400 design,
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since the containment spray pump and the SC coolant
pump in the DV zone are interchangeable to each other,
so the SC coolant pump has got the containment spray
pump during the accident.

When the SC pump is not

available and the flow path is lined up with the CS
function.
The diagram on the upper right side shows
the ECSBS.

To the extent the ECSBS can provide the

spray water from the center water source for the
containment using the fire engine tool in case that
all spray pump or IRWST are not available.
MEMBER POWERS:
pump

capacity

is

what?

Your containment spray
The

capacity

of

the

containment spray pump?
MR. YOON:

Containment spray pump?

MEMBER POWERS:
MR. YOON:

Yes, the capacity?

The capacity?

MEMBER POWERS:

Yes, the flow rate.

Five

thousand gallons a minute?
And the number of spray headers?
MR. YOON:

Spray nozzle?

MEMBER POWERS:

How many spray headers on

each train?
MR. YOON:

Two trains.
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MEMBER POWERS:
MR. YOON:
MEMBER

Two trains?

Yes.

POWERS:

How

many

headers?

Something like 80?
MEMBER CORRADINI:
MEMBER POWERS:
MR. YOON:

Nozzles or headers?

Nozzles.

The spray nozzles, I don't

remember the number of spray nozzles, but the spray
nozzles cover almost the containment area.
MEMBER POWERS:
they

all

directed

down

Sure.
or

are

Yes, sure.
they

And are

directed

at

different angles?
MR. YOON:

Yes, the triangles, the spray

nozzles is considered like the angles and, then, the
curves, too.

Yes.

Yes.

Anyway, the --

MEMBER POWERS:
the actual nozzle?

I assume you don't specify

You leave that up to the COL

applicant?
(Pause.)
MR. IM:

The answer is that they already

considered the angles of the nozzles, so it could
actually spray inside the containment.
MEMBER POWERS:
uniform spray distribution?

You're trying to get a
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MR. IM:

Yes.

Right.

MEMBER POWERS:

And in the application

itself, you say the droplet size distribution is to be
determined by testing and to be suitable for fission
product removal.

What is that?

MR. YOON:

Yes, the spray nozzle angles

and the portion -- the area is tested by the vendors.
MEMBER POWERS:

Yes, yes.

MEMBER CORRADINI:

I think he is asking

what is the specification that must be met.
MEMBER POWERS:

I mean, it is suitable for

fission product removal, and I just wondered what
that was.
MR. SISK:

We have your question.

We will

have to have a discussion to -- we understand.
MEMBER POWERS:

Presumably, a droplet this

size will remove some fission products, and a droplet
at 40 microns will remove some fission products.
Which one is it?
MR. SISK:
Powers.

I understand your question, Dr.

We will have to have a discussion.
MEMBER SKILLMAN:

I would like to ask this

question, please.

What testing has been completed to

demonstrate

the

that

spray

droplet

size

and

the
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chemistry of the droplet are effective in removing the
fission products to the sump?
MR.

YOON:

So,

sector

effect

of

the

chemistry of the spray nozzles?
MEMBER SKILLMAN:
MR. SISK:

Yes.

This is Rob Sisk, Westinghouse,

again.
This is related very much to what Dr.
Powers was referring to.

I think this topic, we don't

have the right people here to address that question
fully

and

accurately.

We

need

to

discuss

that

separately.
MEMBER

SKILLMAN:

Well,

there

is

the

chemistry, there is the drop size, there is the pH,
and it is also the temperature because it varies.
MR. SISK:

I've taken the note back of

your comment.
MEMBER SKILLMAN:
MR. SISK:

Okay.

MR. YOON:

Yes.

Thank you, Rob.
Continue on.

Go to the next slide.
right.

To start, this is

It covers the containment isolation system.

The APR1400 containment isolation system is designed
to meet the 10 CFR 50, Appendix A, GDC 55 to 57, to
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combine the release of any radioactive nuclides from
the containment following postulated DBA.
These
containment
These

isolation

examples

isolation

configurations

pair

design

show

that

inside

the

are
in

one

examples
the

or

for

APR1400.

alternative

containment

and

one

alternative isolation pair outside the containment
are

provided

GDC 55

and

alternative

in

the

56.

system,

And

isolation

accordance

with

according to GDC 57, four

pairs

containment.MEMBER STETKAR:
MR. YOON:

in

are

provided

outside

I have a question.

Yes?

MEMBER STETKAR:

I hate these section

numbers, but I will put them on the record.

DCD

Section 9.4.6.2.2.2-9 -- part of what we do is we look
at different parts of the DCD together -- indicates
that you have a containment low-volume purge system.
You have a high-volume purge that is operated during
shutdown and you have a low-volume purge.

That

section indicates that it is operating during normal
plant power operation when required.

That is the way

it is listed.
Do you know how often that low-volume
purge

is

actually

operating

during

normal

power
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operation?

And

low-volume

purge

size

of

do

you

know

the

size

I

could

not

lines?

those lines.

of

those

find

the

This will become relevant

later; trust me.
MR. YOON:

I know that, actually, the low-

volume purge is just the containment penetration, and
the low-volume purge system is not open in the normal
operations.
MEMBER STETKAR:

It is not?

9 seems to tell me that it is.

Well, Chapter

And I know other

plants that run those systems during normal plant
operation.
volume.

I am talking low-volume purge, not high-

I know the high-volume purge is not operated

during power operation.

Your Chapter 9 says that it

is operating during normal power operation, quote,
"when required," end quote.

But I don't know when it

is required.
MR. IM:

This is the low volume, not the

big volume.
MEMBER STETKAR:

Not the big volume.

know the big volume is only during shutdown.

I

That's

clear.
I am aware of many plants that have this
type of purge system design and that keep what you
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call the low-volume purge operating some fraction of
the time during normal power operation.

That is based

on their desires for containment, atmosphere cleanup,
habitability.

Operators

may

need

to

enter

the

containment for inspections and things like that.
But it is an operational consideration.

I

just don't know what you assume as far as your safety
analyses.

As I said, later this will become more

relevant when we talk about NPSH.
MR. YOON:

I will check the response of --

MEMBER STETKAR:

Okay.

Thank you.

Thank

you.
MEMBER CORRADINI:
you

were

going.

isolation

due

to

So,

if

I had a feeling where

you

accident,

demand

does

this

containment
purge

line

automatically, if it is not already closed, is it
required to close?

I assume it is.

MEMBER STETKAR:
MEMBER CORRADINI:

It is.

MEMBER
required,

it

isn't

Okay.

STETKAR:

Just

guaranteed

that

because
it

is

it

is

always

successful, though.
I wanted to bring it up at this point
because

it

is

relevant

to

containment

isolation.
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Okay?

I have established that I don't know how big it

is and for how long it is open.
MR. YOON:

Yes, I will continue?

This slide covers the containment hydrogen
concentration

in

the

APR1400.

The

passive

autocatalytic recombiners, PARs, and the igniters
consider the hydrogen concentration in the containment
and IRWST.

They are present by volume during a severe

accident.
These figures, the part design, and these
pictures is the igniter observed in the power plant.
Yes?
MEMBER

POWERS:

These

are

natural

circulation passive recombiners?
MR. YOON:

The operations --

MEMBER POWERS:

Yes, there is not a fan in

them?
MR.

YOON:

The

power

is

passively

operated, so the -MEMBER POWERS:

Are they open to the

containment atmosphere during normal operations?
do

you

prevent

the

accumulation

of

How

catalyst

poisons and coatings on the surfaces to exclude the
catalyst during normal operations?
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MR.

IM:

They

analyze

the

atmosphere

inside the containment and they decide the future
location that is most efficient to remove those -MEMBER POWERS:

And that means that during

normal operation they are also most efficient at
accumulating oil vapors, cleaners, paint vapors, and
whatnot, on the surfaces.
catalyst

particles.

And that will exude the

That

may

also

poison

the

catalyst particles, especially if they are palladiumbased and there is any sulfur at all present.
so, how do you
accident

those

assure

that

in

the

event

of

And
an

surfaces, those catalytic surfaces

are available for action?
MR. YOON:

We do not perform the analysis

of the impact, the analysis of the impact on the
pollutions or other effects, including the normal
operation.

But the pipes are inspected and tested

periodically at the recurring operations.

So, the

pipe is -MEMBER POWERS:

But it is not entirely

clear to me how during normal operations you test it.
Do you squirt some hydrogen into it and see if it
warms up?
MR. YOON:

In the recurring operation,
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during the recurring operation the pipe is tested.
So, various tests by separating some of the catalytic
into parts, so we can check the status of the part,
catalytic.
MEMBER KIRCHNER:

Are the cartridges in

the bottom of the units, are these changed out at a
regular interval?
MR. YOON:

Yes.

MEMBER KIRCHNER:

Which would direct Dr.

Powers' question in one way.
MEMBER REMPE:

So, I have a different

question.
MEMBER KIRCHNER:
MEMBER REMPE:

Oh, sure.

MEMBER KIRCHNER:
in the containment.

May I continue?

So, you have 30 of these

What analysis did you do to

ensure that you would get the circulation, including
the hydrogen, to actually go through these combiners?
It sounds plausible that 30 of these devices would be
sufficient, but did you do some fluid dynamic analysis
to

determine

the

locations?

Or

you

just

used

engineering judgment and said, "I think it feels good
to put one in each compartment" or one in each along
the perimeter of the containment?

Is there some basis
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for actually locating the PARs in the containment?
Some

analytical

basis

for

distributing

the

units

inside the containment to address Dr. Rempe's earlier
concerns about stratification and other issues in
terms of the containment atmosphere being well-mixed
or not?
MR. J. OH:

This is Andy Oh, KHNP, of the

Washington office.
In case of the severe accident, the MAAP
is calculated for each compartment, the concentration
of the hydrogen.

So, based on that reserve, we placed

the PAR to prevent a detonation for the hydrogen.

So,

that is kind of the basis for the location of the PAR.
MEMBER KIRCHNER:
MEMBER REMPE:

Thank you.

So, I looked at Chapter 19

where the PARs as well as the igniters are located,
and there are, if I am reading the diagram correctly,
there are no igniters above the top of the steam
generator compartment area.
the top of the dome.

So, there is nothing in

There are a couple of the PARs

that are before you at the top of the cylinder of the
containment, not in the dome region.
So, I am curious what -- again, the same
question

that

Walt

had

--

because,

again,

what
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analysis was used?

Was it engineering judgment?

If

analysis was used, what was the refinement of the
control volumes used in that analysis?
MR. J. OH:

Yes.

When we do some analysis

for the detonations, we call it DDT analysis, over to
the DDT.

But the small amount of volume that is

required, propagated to propagate to the detonation -so, when you see the high volume for the upper side of
containment, it is very big.

So, that is the reason

enough volume cannot be enabled to DDT.
And also -MEMBER CORRADINI:

Can you repeat that?

Can you just repeat what you said again, please?
Because it is kind of important.

I think I know where

you were going, but I wanted you to -- if you could
just repeat it, please?
MR. J. OH:

Yes.

I think I have to think

about that again during the severe accident analysis.
MEMBER CORRADINI:

Okay.

So, I guess

where I thought you were going was that I have to
assume a very large amount, more than all the cladding
oxidation, to get to concentrations where I would get
to DDT.

That is what I thought you were saying, but

if you want to check that out, that would be --
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MR. J. OH:

Yes, I need to check, think

about it.
MEMBER REMPE:

So, to counter what you

thought they said, if that is, indeed, what you were
going to say, I would counter with, yes, if you assume
a big volume, you do need a large amount of hydrogen.
But, if there is stratification because of higher
temperatures or different compositions, hydrogen might
be lighter, you might have a peak -MEMBER CORRADINI:

Hydrogen is always

lighter.
(Laughter.)
MEMBER REMPE:

Yes.

MEMBER CORRADINI:
against you.

Yes.
The second law goes

When mixed, it is hard to unmix, unless

I have a particular physical phenomena, which would
be -MEMBER REMPE:
mixed?

What makes it mix, well-

How do you know it is well-mixed?
MEMBER POWERS:

The easiest way to get

demixing is just to condense the steam out -MEMBER CORRADINI:
MEMBER REMPE:
MEMBER POWERS:

Right.

Right.
-- on a cold surface,
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which is what she is worried about.
MEMBER CORRADINI:

Right, we are arguing

with each other on this, but there are -- the HVR
experiments in Germany have shown that you have to get
to relatively high concentrations to create an unmixed
state and a stratified hydrogen layer on top.

That's

all I will say.
MEMBER REMPE:

Okay.

So, I guess that's

something that I -MEMBER
international

CORRADINI:

standard

problems

There
long

ago

were
in

the

hydrogen program that showed you would have to get to
concentrations into detonation to actually have it
stratified.

So, that is why I was asking about the

DDT as the -MR. J. OH:

Yes, in order for considering

DDT not only for the hydrogen concentration, but steam
concentration and oxygen concentration, it should be
considered

comprehensively.

So,

for

the

severe

accident, I think for our Technical Report, it is
considered that all the factors together, not only for
the three factors for the size for the compartment -we

have

some

detailed

discussion

we

will

be

implementing to the severe accident chapter review for
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your Subcommittee.
MEMBER REMPE:

So, there's a Technical

Report associated with Chapter 19 that will go through
the details of your evaluation -MR. J. OH:
MEMBER

Yes.

REMPE:

--

and

citing

the

experiments that Professor Corradini is talking that
will provide confidence?
MR. J. OH:

Yes.

MEMBER REMPE:

Okay.

MEMBER KIRCHNER:

Thank you.

So, I will go back to

the very first question of this session by Dr. Powers.
I would have assumed the answer on how do you define
what's minimizing the amounts of aluminum and zinc in
the containment vessel would be some percentage, a
small percentage of what you would get from oxidizing
the cladding.
might be.

That is what I was thinking the answer

And I don't know what that would be, but

let's pick something like 10 percent.
MEMBER BALLINGER:
I read it.

I have been searching.

I think that is exactly what it says.
MEMBER KIRCHNER:

I was just intuiting in

that because -MEMBER BALLINGER:

Yes.

No, no, I think
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it says that.

But I have been going through this

thing trying to search on keywords -MEMBER KIRCHNER:

Okay.

Thank you.

MEMBER BALLINGER:

-- and not being able

MEMBER KIRCHNER:

But that would be a

to find it.

justification to define minimizing material in -MEMBER

CORRADINI:

So,

just

to

a

contrarian, since Dr. Powers nudged me on this, why do
you even need a PAR at all?
containment.

You have a large dry

Is this just extra stuff?

I was looking

for the right word, but -(Laughter.)
MEMBER POWERS:

You found a good one.

MEMBER CORRADINI:

I'm not sure a large

dry containment requires this, given its pressure
requirements and expected behavior, but maybe I am
wrong.

Am I wrong?
MEMBER SKILLMAN:

Yes, I know a large dry

that had a huge hydrogen explosion, firsthand.
MEMBER MARCH-LEUBA:

But these guys are

not the circulation draft, which is driven by the
catalytic conversion of hydrogen.

So, when there is

no hydrogen, there is no flow from there, right?
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MEMBER POWERS:
all the time.

There is flow through them

It is just not driven --

MEMBER

MARCH-LEUBA:

But

it

is

not

driven -MEMBER POWERS:
you

go

in

here.

Every

And the problem is that
time

you

open

up

the

containment, if you go in and you do stuff, people
walk around; they sweat; they give off vapors.
operations the containment gets quite warm.
organics coming off things.
These
for

During
You get

They accumulate up.

catalytic

materials

hunger

exactly the stuff that's coming off, and it

excudes the
and

there

oils

and

surface.
frequently

things

If
is

there
sulfur

is
in

sulfur

--

lubricating

like that -- they will actually

poison the catalyst.

Otherwise, it excludes the

catalyst and just blocks access to the gases.
I mean, they are very high-surface area
things and they are very easy to exclude.

And about

the only choice you have is to be (a) a little careful
on the things you allow into your containment, and
particularly if you are painting in the containment,
and to test them every once in a while to see if they
are still functional.

57

Otherwise, you get into a trap of blocking
flow during normal operations.

And now, you have got

to be sure that the blocks come off when you need
them, and that is a complication you don't even want
to think about there.
MR. SISK:

I think we understand the

issues that are raised.
are very good.

There were several here that

There are some additional discussions

in the future here, whether it is Chapter 9, Chapter
15, or Chapter 19, that we are going to be revisiting
these topics.
MEMBER POWERS:

On the testing you might

want to look at the Canadian process.

They go in and

they pull -- in your case it would be a cartridge -and they test it.
the cartridges.

And if it is bad, they replace all
If it is good, then they don't.

I

mean, that is a pretty conservative testing process.
MR. SISK:

We have captured the items and

we will pick it from there.
MEMBER POWERS:

And then, we can worry

about whether they need this at all.
(Laughter.)
MR. YOON:

I guess the next slide.

This

slide covers the containment leakage testing.

The
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containment with the penetrations and the isolation
barriers is designed to permit periodic leakage rate
test, as required by GDC 52, 53, and 54.
APR1400
implements

the

leakage

rate

testing

program

performance-based

leakage

testing

requirements of 10 CFR 50, Appendix J, Option B, using
the

specific

methods

and

guidance

provided

in

NEI 94-01 and ANSI/ANS 56.8, as modified and endorsed
by Regulatory Guide 1.163.
For containment integrity, the leakage
rate test, Type A, the measurement of the leakage rate
shall be less than 0.75.

For containment the local

leakage rate test, Type B and C, the combined leakage
rate for all types of tests shall be less than 0.6.
Next.
prevention

of

This slide covers the fracture

containment

pressure

vessel.

The

ferritic parts of the containment pressure boundary
consists of the ferritic portions of the containment
pressure

vessel

and/or

penetration

assemblies

or

analysis attached to the containment vessel.
The ferritic materials meet the fracture
toughness

criteria

and

the

requirements

in

ASME

Section III, Division 2, CC2520 or ASME Section III,
Division 1, NE 2300, as appropriate for individual
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components.
Thank you.
CHAIRMAN SUNSERI:

All right.

So, before

we begin Section 6.3, why don't we take a break here?
It is a good stopping point for our first break of
the morning.

So, we will resume at five after 10:00.
(Whereupon, the foregoing matter went off

the record at 9:49 a.m. and went back on the record at
10:06 a.m.)
CHAIRMAN SUNSERI:
in

session

and

ready

to

All right.
resume

with

We are back
the

KHNP

presentation, 6.3.
MR. IM:

Okay.

Good morning.

Thank you.
My name is InYoung Im from

KEPCO E&C.
I
injection

am

system.

going

to

Section

present
6.3

on

the

consists

safety
of

the

following five sections, and I will touch briefly on
each subsection.
Next.

The safety injection system is

designed to meet all the regulatory requirements and
the major requirements that are in GDC or 10 CFR 50,
Appendix A, and the system criteria for the emergency
core cooling system are provided in 10 CFR 50.46.
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GSI-191, or NRC Reg Guide 1.82 also provide this
criteria.
Next slide.

The major function of the

safety injection system is emergency core cooling.
The safety injection pump injects borated water into
the RCS through direct vessel injection nozzles to
flood and cool the core following a loss-of-coolant
accident.

This also provides heat removal from the

core for an extended period of time following a LOCA.
Next slide.

By injecting borated water

into the RCS reactivity and inventory are controlled
during accident and safe shutdown.

Borated water

increases the shutdown margin following an elective or
quick down of the system due to a main steam line
break by aligning the flow path to inject this through
the hot leg.
Next, please.
is

also

used

for

The safety injection system

feed-and-bleed

operation.

SIS

provides a feed flow to remove the core decay during
beyond-the-design-basis event, of feedwater to steam
generators.

Manually opening POSRVs is used for bleed

test for this event.
MEMBER STETKAR:

I'm sorry, by total loss

of feedwater, you mean auxiliary feedwater and --
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MR. IM:

Both the auxiliary --

MEMBER STETKAR:
MR.

IM:

The

Thank you.
safety

injection

system

consists of four independent trains, and each trains
takes suction from the IWRST, and the safety injection
pump provides flow through DVI nozzles.
provided with a safety injection tank.

Each train is
Train 1 and

train 3 inject to the DVI nozzle diagonal to the
reactor vessel.

As we discussed yesterday, even

though the four trains are independent, with diagonal
trains, it is required to mitigate the accident.
Minimum pump flow rate is conservatively
evaluated based on pump performance requirements and
flow

resistance.

This

is

used

for

the

safety

analysis.
Next
evaluation

is

slide.
by

the

The
safety

system

performance

analysis

postulated accidents in DCD Chapter 15.

for

the

So, I do not

discuss it here.
MEMBER STETKAR:

I'm sorry to make you go

back.
MR. IM:

Yes.

MEMBER STETKAR:

Can you go back to the

drawing on slide 26 that shows the -- there you go.
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This

drawing

-- we

had

a

discussion

earlier about hydrogen control -- this drawing does
not show the three-way valve to the IRWST from the
POSRVs.

That's a factual statement.

That is not a

question.
There is a three-way valve -MR. IM:

I understand.

The three-way

valve is used for the severe accidents.
MEMBER STETKAR:

Okay.

MR.

this

IM:

So,

is

just

for

the

schematic for the -MEMBER STETKAR:
MR. IM:

It is for feed-and-bleed.

Yes.

MEMBER STETKAR:

But I just wanted to

do -- the three-way valve, it is my understanding that
under severe accident conditions, as indicated by high
core exit temperature -- and I do not remember the
value -- the operators are instructed to open the
POSRVs and align the three-way valves to blow down
into

the

steam

generator

compartment.

Is

that

correct?
MR. IM:

Yes, during the severe accidents.

I remember the concern is for the hydrogen buildup in
the IRWST.
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MEMBER STETKAR:
MR. IM:

Right.

If you bleed, you have to crunch

to IRWST, then the concentration in the -MEMBER STETKAR:

The gas space of the

IRWST is higher.
MR. IM:

Yes, hydrogen is severe.

So,

that should be controlled and it follows through
valves to divert to the containment -MEMBER STETKAR:

And that diversion, if I

remember, is into the steam generator compartment,
isn't it?
MR. IM:

Yes, inside --

MEMBER STETKAR:

It's not to the -- just

into the general containment atmosphere?
MR. IM:

Yes.

MEMBER STETKAR:

It is communicates to the

compartments -MR. IM:

Yes, it communicates, yes.

MEMBER STETKAR:

Okay.

Thank you.

I just

wanted to make sure I had that understanding correct.
MR. IM:

Yes.

MEMBER SKILLMAN:

Before you change to a

higher number, would you go back to slide 25, please?
Sir, in your introductory comments you
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made the comment that, as part of the LOCA response,
the operators realign the SI pumps into the hot legs.
I'm reading a portion of the Safety Evaluation, and I
am curious where that practice has been proven.

What

other plants actually swap the safety injection pumps
from the DVI lines to the hot legs?
I will read part of this document, so that
you can understand my question.
MR. IM:
MEMBER

Yes.
SKILLMAN:

"The

SIPs

begin

injecting borated water from the IWRST following the
SI actuation signal.

The operators of the plant

accomplish long-term cooling following a large-break
LOCA by manually realigning the SIS for simultaneous
hot leg and DVI injection flow.

The operators align

two of the four SIPs to discharge to the RCS hot legs.
The applicant intends for the hot leg realignment to
provide flushing flow to preclude boron precipitation
and the ultimate subcooling of the core when shutdown
and cooling cannot be used."
So, I am curious, where is this practice
being used?
MR. IM:

Yes.

There is proof.

see the progress to the hot leg with boron.

You can
So, those
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are such that the vessel loader 1B is closed, and the
two isolation valves are opened in the main control
room.

So, you don't need to switch the pumps.

So,

just aligning it, you can inject to the hot leg.
MEMBER BALLINGER:

I think the question

is, where is this done now?
MEMBER

SKILLMAN:

presently practiced?

Yes,

where

is

this

What other plants --

MEMBER STETKAR:

All Westinghouse plants

in the United States do it.
MEMBER

SKILLMAN:

That's

news

to

me.

it's

my

Okay.
MEMBER STETKAR:
MEMBER
background.

Okay.

SKILLMAN:

Maybe

So, I'll take that hit.
MEMBER

STETKAR:

I

don't

know

about

combustion plants, but I know all Westinghouse plants
in the EOPs do the same thing, partial realignment to
hot leg.
MR. J. OH:

This is Andy Oh again.

The old OPR plants also do the hot leg
escalation to combustion engineering.
MEMBER SKILLMAN:

Okay.

Fair enough.

come from a population that did not do that.

I

Did not,
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no.

Okay.

Thank you.
MR. IM:

The safety injection system is an

engineered safety feature system, and most of the
pumps and valves are safety-related active components
and are subject to in-service tests.

The test is to

be performed according to the ASME OM.
operational

and

performance

according to Reg Guides.

test

is

to

The prebe

done

Especially Reg Guide 1.79

provides this guidance for pre-operational testing of
ECCS.
Next,

please.

The

safety

injection

actuation signal is automatically generated by lowpressurizer pressure or high-containment pressure.
System monitoring during accidents or normal operation
or tests is provided in the main control room.
So,

this

is

safety injection system.
MEMBER

the

presentation

for

the

Thank you.

CORRADINI:

So,

can

I

ask

a

background question?
MR. IM:

Yes.

MEMBER CORRADINI:

I know you gave us a

tutorial to begin with, but I don't remember what.
What is the necessity of the HVT compared to the
IWRST, the logic there where you drain to the HVT and,
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then, you -MR. IM:

Why do we need HVTs?

MEMBER CORRADINI:

Yes.

Is it back to a

GSI-191 issue?
MR. IM:

What is the issue?

Why do we

need HVT?
MR. J. OH:

This is Andy Oh again.

For the HVT, one of the functions is, you
know, there's some screen.

Before gathering into the

HVT there is some screen, mechanical screens.

And

also -MEMBER CORRADINI:

So, debris separation?

Okay.
MR. J. OH:

Debris separation.

MEMBER CORRADINI:

And that's the main

reason?
MR. J. OH:
-- it is for pH control.

And also, three -- what is it?
Material is also okay, given

the HVT.
MEMBER STETKAR:

The baskets are in the

HVT, the PSBs.
MEMBER CORRADINI:
MEMBER STETKAR:
MR. J. OH:

Okay.

Thank you.

And?

And one more thing is the

68

mechanical screen in a spillover to the IRWST -- so,
there is some flooding that the debris also can be
prevented to flow over to IRWST.
MEMBER CORRADINI:
MR. J. OH:

Because of the loop?

Yes.

MEMBER CORRADINI:

Okay.

So, for the

uninitiated, it is just a dirty part of the IRWST with
additional inventory?

Because, essentially, it is the

same water inventory before it goes through screening
and chemical addition.
it.

That is why I was looking at

Is that a fair way to look at it?
MEMBER STETKAR:
MEMBER CORRADINI:

Normally dry.

MR. J. OH:

Normally dry?

Normally dry.

MEMBER CORRADINI:

Normally dry, but that

is where everything is accumulated and, then, passed
on to the IRWST?

Okay.

Thank you.

We will return to that, anyway, when we do
the GSI discussion, I assume.
MR. J. PARK:

Okay.

Good morning, everyone.

My

name is Jihwang Park from KEPCO E&C.
I will present habitability systems of the
APR1400.
Next slide.

Design bases:
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The habitability systems are designed to
allow control room operators to remain in the control
room envelope and take actions to operate the plant
safely under normal conditions and maintain it in a
safe condition under abnormal conditions.
Meet

the

requirements

of

applicable

Regulatory Guides and GDC 19.
Maintain conditions that are comfortable
for plant personnel and provide reasonable assurance
for the MCR equipment function.
And protect the plant personnel in the CRE
from the following:
Exposure

to

potentially

airborne

radioactivity in the outside atmosphere.
Exposure to potentially toxic chemicals
that are postulated to be released near the plant
site.
The effects of high-energy line breaks in
the surrounding plant areas.
Smoke from an onsite fire.
The control room envelope, CRE, is located
at elevation 156 feet and 174 feet in the auxiliary
building.
The CRE volume, except the HVAC equipment
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rooms, is approximately 200,000 cubic feet.
The CRE includes the following areas:

the

main control room, technical support center, meeting
room, computer room, HVAC equipment rooms, kitchen and
dining room, and toilets.
The

control

room

HVAC

system

starts

sharing during plant normal and abnormal conditions.
The control room HVAC system has three operation
modes:

normal, emergency, and recirculation modes.
This slide shows the control HVAC system

flow diagram in emergency mode.

After the initiation

of designated ESF actuation signals, the control room
HVAC system is automatically switched to the emergency
mode.

In the emergency mode, the air cooling unit

starts automatically and fills out the outside makeup
air and part of the turnout from the CRE.

And the air

handling unit throws the filtered air from the air
cleaning unit and the operator air from the CRE, and
provides conditioned air to the CRE.
Next is the design evaluations. First,
radiological protection.

An analysis for a LOCA is

performed to determine the post-LOCA doses.

In the

analysis, the radiation sources each may reach out to
exposure to the control room personnel are considered
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based on the Regulatory Guide 1.183.
For

the

MCR

shielding

design,

the

shielding design to mitigate the effects of direct
exposure to the MCR personnel is provided.
analysis

results

shows

the

exposure

to

And the
the

MCR

personnel does not exceed the occupational dose limits
of 50 millisieverts, which is discussed in GDC 19 for
a postulated DBA.
Next is toxic gas protection.

The control

room habitability following the accidental release of
toxic

chemicals

is

evaluated

in

accordance

Regulatory Guide 1.78 and NUREG-0570.

with

The toxic gas

analysis results show that the release of the toxic
gases do not affect MCR habitability.
self-contained

breathing

apparatus

And adequate
are

available

inside the CRE to prepare for emergency situation due
to toxic gases.
MEMBER STETKAR:

That third bullet, what

do you mean by "prepare for emergency situation due to
toxic gases"?
MR. J. PARK:

If control room operators

need to leave the control room, to cooperate with the
experts.
MEMBER STETKAR:

Okay.

If they need to go
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to the room or shut down the room, for example?
MR. J. PARK:

Yes, that is correct.

MEMBER STETKAR:
MR. J. PARK:
inspection.

Okay.

Thank you.

And next is testing and

Pre-operational test and in-service test

are performed to provide the reasonable assurance that
system and component capabilities are achieved and
maintained.

Periodic testing to confirm the CRE

integrity is performed using test methods and at test
frequencies,
1.197.

in

accordance

with

Regulatory

Guide

The air in-leakage test of the CRE boundary is

performed in accordance with ASTM E741.
Next, instrumentation requirement.

Two

redundant radiation monitors are installed in each of
two outside air intakes to annunciate high-radiation
alarms and to initiate CREVAS.

Instrumentation for

the control room emergency makeup ACU is designed to
meet the requirements of ASME AG-1 and Regulatory
Guide 1.52.
And

that

is

our

presentation

of

the

habitability system.
MEMBER STETKAR:

I have some questions.

I

wanted to let you finish.
Have

you

performed

room

heatup
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calculations for the main control room if you lose all
control room ventilation cooling?
MR. J. PARK:

Actually, in DBA?

MEMBER STETKAR:

No.

I asked a question

about, if you lose all main control room cooling, have
you

performed

control room?

room

heatup

analyses

for

the

main

I did not mention DBA.

MR. J. PARK:

Okay.

Actually, we did

perform the calculation for the Fukushima event, which
is we lost all the control room -MEMBER STETKAR:
power.

No, Fukushima is loss of

I asked a question, that if I lose main

control room -- I want to make this on the record -if I lose main control room cooling, normal plant
operation -MR. J. PARK:
MEMBER
accident,

no

No.

STETKAR:

Fukushima,

--

lose

no

main

design-basis
control

room

cooling, have you performed a room heatup analysis for
the main control room.
MR. J. PARK:

No, we didn't.

MEMBER STETKAR:

Okay.

Thank you.

Then, the questions that I have are, if
you do perform a room heatup analysis, what is the
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maximum temperature in the main control room if the
operators do nothing?

That is one followup question.

So, that is just what the room heatup is.
What

are

the

equipment

qualification

temperatures for the digital controls in the main
control consoles and the displays to the operators?
That is No. 2.
And

That is equipment survivability.
No.

3,

for

habitability,

can

the

operators continue to operate in the main control room
under those conditions or will they need to go to the
remote shutdown area, the remote shutdown room?
MR. J. PARK:

I understand.

MEMBER STETKAR:

No. 4 is, if they do need

to go to the remote shutdown room, and if core damage
occurs, where are the functions of the technical
support

center

performed,

because

the

technical

support center will be under the same high-temperature
and bad environmental conditions?
So, those are four followup questions
regarding environmental controls for the main control
room.

There are other followup questions for the PRA,

but we will get to that in Chapter 19.
You can take those back.
on the record.

I mean, they are
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MR. SISK:

We have it.

MEMBER STETKAR:
MR. SISK:

You got it?

Thanks, Rob.

Thank you.

MR. J. PARK:

Next I will talk about the

fission product removal and control systems in Section
6.5.

This

section

covers

the

engineered

safety

feature filter systems, the containment spray systems,
and the fission product control system.
The first presented system is the ESF
filter system.

The ESF filter systems are designed to

mitigate the consequences of postulated accidents by
filtering radioactive particulates and iodine from the
air, and meet the requirements of Regulatory Guide and
ASME clauses.
There are three subsystems in the ESF
filter systems:
Control room emergency makeup air cleaning
system to control the area, the emergency exhaust
system,

and

fuel

handling

area

emergency

exhaust

system.
The air cleaning unit, ACU, and the ESF
filter

systems

filter

the

potential

particulates and iodine from the air.

radioactive
The control

room emergency makeup air cleaning system limits the
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exposure to the MCR personnel to be less than 50
millisieverts

total

effective

dose

equipment,

in

accordance with GDC 19.
MEMBER POWERS:

What is your unfiltered

in-leakage in the control room?
MR. J. PARK:

Could you repeat that,

please?
MEMBER POWERS:

What is the volumetric

flow of unfiltered in-leakage into the control room?
MR. J. PARK:

Only about, it is about

200,000 cubic foot.
MR. SISK:

Two hundred thousand.

MR. J. PARK:

Two hundred thousand cubic

foot.
MEMBER POWERS:

That's, presumably, the

flow through the filter system.

I am worried about

how much in-leakage do you get that doesn't go through
the filter system.
MR. D. LEE:

My name is Dongsu Lee.

When calculated, the consequence on RSCs
for the LOCA -- I'm sorry -- habitability at the time,
we have assumed 100 CFM.
MEMBER POWERS:
MR. D. LEE:

One hundred CFM?

Yes.
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MEMBER POWERS:

Do you know where that

predominantly comes from?
MR. D. LEE:

By the engineering judgment

and we computed the other kinds, and we bound that
number.
MR. J. PARK:

Go to the next.

covers the containment spray system.

This slide

The system's

function and configurations were already presented in
Subsection 6.2.2.

So, I will present the design

evaluation for the fission product remover and the
control by using the containment spray system.
For the mixing of the containment air in
post-LOCA condition, the minimum mixing rate of 2
unsprayed volumes per hour is used in the analysis to
transport the post-LOCA activities in accordance with
the SRP.
In the post-LOCA conditions, the pH of the
IRWST

water

is

evaluated

to

provide

reasonable

assurance that the minimum pH value can be maintained
above 7 for 30 days in LOCA condition.
MEMBER
acidification

POWERS:

mechanisms

did

calculating that pH?
MR. J. PARK:

Mr. --

What
you

kinds
consider

of
in
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MR. D. LEE:
calculation of the pH.

Yes, let me introduce the
At the time that basically we

considered the SP and boric acid water analysis during
the LOCA, as I have mentioned previously, HCCL and
also the nitrogen was considered and the HR was
considered.

But for that calculation, we assume that

especially the radio receives the impact at the time
you considered 60 time and, also, a four-hour LOCA
condition, TID, Total Integrated Dose rate.
MEMBER POWERS:

Say that again?

For your

nitrogen calculation, nitric acid calculation, what
was your atmospheric dose rate?
MR. D. LEE:
MEMBER

For the nitrogen?

POWERS:

Yes.

In

order

to

calculate the nitric acid formation, you assume some
dose rate in the containment.
MR. D. LEE:

In terms of the nitrogen gas,

we assumed that from the water and air, and the
radiolysis

impacts,

that

nitrogen

exceed

can

be

generated, but we did not do this calculation.
MEMBER POWERS:
some

rate

radiolysis.

at

which

I mean, there has to be

nitric

acid

gets

formed

It is driven by the dose rate.

you assume for the dose rate?

by

What did
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MR. D. LEE:

The TID there.

MEMBER POWERS:

You took the TID source

term and calculated dose rate from that?
MR. D. LEE:

Yes.

When you calculate the

TID, we assumed the LOCA condition, and with the
batteries, the system works from the core, with the
core.

We assumed that.
MEMBER POWERS:
MR. D. LEE:

Yes.

MEMBER POWERS:
MR. J. PARK:
consequence

analysis

Okay.

Thank you.
I will continue?

of

LOCA,

the

For the

elemental

and

particulate iodine are shown to be removed by the
containment spray system, based on the model described
in the SPR, and 10 percentile value of the Powers
model built into RADTRAD was used as an aerosol
deposition removal effect.
MEMBER POWERS:

Brilliant modeling.

Well

worth using.
(Laughter.)
MR. J. PARK:

Next.

This is slide covers

the fission product control system.

The primary

fission product control system following a DBA is the
containment spray system and the containment.

The
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fission product leakage to the environment is reduced
per the listed limit by the fission product removal
function of the containment spray system and the leaktight pressure boundary of the containment.

For the

containment leakage, the in-service leakage testing
program is detailed in Subsection 6.2.6.

And the

radiological

DBA

consequences

following

the

is

described in Chapter 15.
Next.
MR.

Thank you.

TAK:

In

Section

6.6,

In-Service

Inspection of Class 2 and 3 Components of the APR1400
are described.

This slide shows an overview of

Section 6.6.
Next.
requirements

for

As is shown on this slide, the
6.6.1,

Component

Subject

to

Examination; 6.6.2, Accessibility; 6.6.3, Examination
Techniques
Intervals,

and
are

Procedures;
addressed

in

6.6.4,
accordance

Inspection
with

ASME

Section XI.
Next.
Requirements;

6.6.5, Examination Categories and

6.6.6,

Evaluation

of

Examination

Results, and 6.6.7, System Pressure Tests are also
addressed in accordance with ASME Section XI.

And

augmented in-service inspection for high-energy fluid
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system piping is addressed in Subsection 6.6.8.
MR. MUN:

I will briefly explain Section

6.8, the design of the in-containment water storage
system.

This slides provides an overview of DCD

Section 6.8.
Design Bases.

The in-containment water

storage system consists of in-containment refueling
water storage tank, holdup volume tank, and cavity
flooding

system.

During

a

normal

operating

conditions, the IRWST provides the borated water for
the safety injection system when the safety injection
system is in a standby mode.
water

for

filling

the

refueling operation.

It also provides borated

refueling

pool

during

the

At an accident, the IRWST has a

role of a water source for providing water to the RCS
and containment spray through the safety injection
system and the containment spray system.

IRWST also

provides

the

the

heat

sink

for

cooling

steam

discharged from the POSRV following RCS pressurization
accident.
The holdup volume tanks provides water
collection

and

the

storage

functions

prior

to

returning to the IRWST during an accident.
Finally, the cavity flooding system floods
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the reactor cavity to cool and protect the reactor
vessel in a severe accident.
MEMBER CORRADINI:

So, I had a question

that maybe I just don't understand.

No, you can go to

the slide, the cartoon, your next slide.
So, there is a thing noted in the SE about
swing panels to protect against pressure transients.
What is a swing panel and where is it?

I couldn't

figure that out.
MR. YOON:
these figures.

The swing panel is not shown in

The swing panel is located in the 100

elevations in the containment.
MEMBER CORRADINI:

So, actually, it is -What elevation?

I'm

sorry.
MR. YOON:

If the swing panel is shown in

the figures, at this point it would be located now.
The swing panel is located and stored in this point.
MEMBER CORRADINI:
the tank in the gas volume?
MR. YOON:

Okay.

So, it's above

Above it?

Yes.

MEMBER CORRADINI:

Okay.

And what's its

purpose?
MR. YOON:

The purpose, the swing panel,

the purpose of the swing panel is it controls the
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pressure

between

the

IRWST

and,

then,

at

the

containment, too.
MEMBER CORRADINI:
one direction.

So, it's a damper in

So, if there is an overpressure above

the IRWST gas volume, the swing panel opens to -MR. YOON:

Yes.

MEMBER CORRADINI:
MR. YOON:

Yes.

MEMBER CORRADINI:
MR. YOON:

-- let gas in?

Okay.

So, there are three doors.

The

two doors discharge it to the IRWST, and the one door
is into the IRWST.
MEMBER CORRADINI:
my question differently.
at all?

Okay.

So, let me ask

Why even have a swing panel

Why do you need a blockage there?

reason for even having a panel?

What's the

Why isn't it just

open communication?
(Pause.)
Does it have to do with water flow paths
on there?
MR. YOON:
water flow path.

The swing panel is not

It is only to the air flow path.

MEMBER CORRADINI:
question again.

Okay, but I'll ask my

Why have a panel at all?

Why isn't
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it just an open pathway?

If you are worried about a

pressure transient, why have a panel at all?

That's

what I don't understand.
MR. YOON:

I need to check your question.

MEMBER CORRADINI:

Okay.

Okay.

another just geometrical question.

And then,

So, the swing

panel, if I understand it, is sitting inside above
what we see here.
MR. YOON:

Yes.

MEMBER CORRADINI:

Okay.

So, my second

question is, the strainers to clean up the debris are
sitting inside the IRWST.
stuff

by

gravitational

So, the HVT just collects
settling

and,

then,

that

U-bend, essentially, then transports the water over
before it is strained out?
MR. YOON:

Yes.

MEMBER CORRADINI:
MR. YOON:

Do I have that correct?

Yes.

MEMBER CORRADINI:

Okay.

And then, the

final thing is that is the feed for all your pumps, is
the bottom piping?
MR. YOON:

Yes, this here.

MEMBER CORRADINI:
MR. YOON:

Yes.

Okay.
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MEMBER STETKAR:

Aren't there -- on this

picture they're not shown -- but aren't there also
strainers in the HVT?

I don't remember if they're on

the inlet.
MEMBER CORRADINI:

Well, I'm looking at

another figure from the DCD Tier 2, page 800, and they
do show something there.

So, there's two sets.

MEMBER STETKAR:

I know they're there

because they are blocked during shutdown.

So, I just

want to get it on the record that they are there and
where they are.
MEMBER CORRADINI:

What I am trying to get

is I am trying to get your cartoon matching up with
some of the cartoons in the DCD, and they are not
exactly the same.

So, if this is just a cartoon of a

cartoon, that's okay.
So, there are strainers in the HVT also,
right?
MR. YOON:

Yes, this is the HVT.

MEMBER CORRADINI:

Okay.

And there are

screens or something there, too?
MR. YOON:

There is no screeners in the

HVT.
MEMBER CORRADINI:

Okay.
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MEMBER STETKAR:

Wait a minute.

I read

that there are screens in the HVT because I know the
low-power and shutdown PRA models explicitly say that
those screens are covered to prevent debris from
entering the HVT during shutdown work inside the
containment.

So, one thing is wrong, either your

statement or what's assumed in the PRA.

The question

is, are there screens for the HVT?
MR. YOON:
figure is the pressure.

But the screens in this.

This

First, the debris is screened

at this point.
MEMBER STETKAR:
MR.

YOON:

Okay.

And

then,

the

debris

is

settling, and there is some debris, right -MEMBER STETKAR:
MR. YOON:

Good.

Yes.

MEMBER STETKAR:

So, there are screens.

They are shown -- you're calling them trash racks, but
they are that right there that you are pointing to.
MEMBER CORRADINI:

Oh, they are a trash

rack?
MEMBER STETKAR:

Yes.

MEMBER CORRADINI:

Okay.

And then, the

final question is, not shown here, there's a piping
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that goes down for after flooding out of the HVT, not
out of the IRWST, is that correct?
MR. YOON:

Wait.

I'm sorry?

MEMBER CORRADINI:

There is a pipe that

has to be opened by a motor-operated valve that flows
water from the HVT into the reactor cavity?
MR. YOON:

Yes.

MEMBER CORRADINI:
MR. YOON:

Yes.

Is that correct?

The pipe, the problem is

the piping is not shown in these figures.
MEMBER CORRADINI:
MR.

YOON:

Yes,

But it is from the HVT?
but

the

piping

is

corrected to the IRWST, to the HVT, and then, to
isolation valves that are located in the HVTs.

And

then, the valves are connected to the reactor cavity.
Yes.
MEMBER CORRADINI:
they're not shown.

Okay.

All right.

But

We'll come back, then, when we do

severe accident.
MEMBER STETKAR:

I believe there's two

sets of valves, such that you open the valves that
connect the IRWST to the HVT and you open valves that
connect that connected pool to the reactor cavity,
such that you equalize levels in the cavity, the HVT,
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and the IRWST -MEMBER CORRADINI:
MEMBER STETKAR:

All in one shot?

Yes, but there's two sets

of valves, and I can't remember precisely how they're
configured.
MEMBER CORRADINI:
MR.

SISK:

Okay.

This

is

Thank you.
Rob

Sisk

with

Westinghouse.
I do want to just help a little bit.
There

are

two

areas

reference you to.

in

the

DCD

that

I

want

to

The swing panels are described in

Subsection 6.8.2.2.5, and you can get a discussion on
it there.

And as stated in the DCD, the swing panels

are closed to minimize the release of IRWST water into
the containment atmosphere during normal operating
plant operations.

So, you want to be able to have the

pressure released, but you don't want the water to be
disappearing from your IRWST during normal operation.
MEMBER

CORRADINI:

Oh,

so

it's

for

evaporation purposes?
MR. J. OH:

Yes.

As stated in Section

6.8.2.2.1.
MEMBER KIRCHNER:
clarification.

So, just a question of

There is a second figure 6.8-2 that
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shows the IRWST and the cavity flooding system.

So,

the elevation of the holdup volume tank is, I suppose
if it were completely full, would be somewhere at the
level of the bottom of the core, the reactor vessel
level.
But, in terms of flooding the cavity, it
would just flood cavity below the reactor vessel?
is

there

sufficient

water

volume

to

immerse

Or
the

vessel?
MR. J. OH:

Yes, this is Andy Oh, KHNP,

Washington office.
The

cavity

flooding

sufficient to flow over the vessel.

system

is

not

But, in order to

inject the water to the cavity, we need the shutdown
cooling pumps to flow over to the reactor vessel.

The

cavity flooding system is just for lower level for
coating

catching

and

some

cooldown

of

coating

function.
MEMBER KIRCHNER:
MEMBER CORRADINI:
with the swing panels.

Thank you.
Okay.

I'm sorry.

So, I am back
So, this looks

like a vacuum breaker, but kind of a weak vacuum
breaker.

So, are you telling me that I can pressurize

the IRWST to a higher pressure than the rest of
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containment?
MR. YOON:

Yes.

MEMBER CORRADINI:

How much?

Since that

affects the GSI-191 question that I want to ask later
on.
MR. YOON:

I think it's --

MR. SISK:

Do you understand the question?

MR. YOON:

Yes.

Pardon me, please.

MEMBER CORRADINI:

Okay.

The swing panel,

as was explained, allows for it to open into the
IRWST,

but

it

shuts,

evaporation,

water

containment.

So,

pressure.

loss,
that

so

that

into
means

you

the
it

don't

rest

must

How much pressure does it hold?

of

hold

get
the
some

Is there a

spec on that?
MR. YOON:

Just a moment.

MEMBER CORRADINI:

That's okay.

(Pause.)
MR. YOON:

The swing panel is located in

the particle pipes -MEMBER CORRADINI:
MR. YOON:

So, the three-way --

MEMBER CORRADINI:
MR. YOON:

Yes.

So, it's a two-way?

Yes, it's two ways.
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MEMBER CORRADINI:
MR. YOON:
three directions.
containment.
directions.

Oh, okay.

Say three directions, there are

The two directions go out the

I have to speak to containment, two
Another door is the inner open to the

containment.
MEMBER CORRADINI:
bidirectional?

Okay.

But they are

They open both directions?

MR. YOON:

Only one direction.

Two doors,

two same kind of -- two doors is the only outer
directions, and another same kind of door is the inner
direction.
MEMBER

CORRADINI:

Okay.

Then,

I

misunderstood.
MR. YOON:

Yes.

MEMBER CORRADINI:
about it again.
MR.

I'm sorry.
MUN:

I have got to think

Thank you.

Instrumentation.

In

the

containment water storage system, various water level
instrumentation are installed in the IRWST, holdup
volume tank and the reactor cavity.

The water level

instrument is used to monitor the IRWST water level
and switches to the holdup volume tank and reactor
cavity during normal operations.

And it is also used

92

to monitor the water level of IRWST, holdup volume
tank,

and

reactor

cavity

during

the

accident

condition.
The temperature and pressure instruments
are also provided in the IRWST to monitor the pressure
and temperature in the IRWST.
MEMBER REMPE:

So, earlier I should have

asked the question and I didn't.
to do it here.

So, maybe I will try

But during the discussion today, you

talked about you do analyses and find out the peak
temperature as well as the pressure that equipment
such

as

instrumentation

would

have

to

survive.

There's a limited set of instrumentation for severe
accident conditions.
In the Draft SE, the staff indicated that
it appeared that in the case of the combustible gas
generation

that

that

instrumentation

qualified with respect to temperature.

was

only

Is it also,

you don't consider any sort of pressurization history
also?

Or is it pressure and temperature for that

instrumentation?

Because some of the cases analyzed

with the MELCOR evaluation, which they explained were
similar to what was done with MAAP, did have ignition
if you didn't have the three-way valve working or
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other components working.
Do you understand what I'm saying or is
the question too long?
MR. SISK:

Rob Sisk, Westinghouse, again.

Let me just see if I do understand the
question.
and

Are you discussing the need for temperature

pressure

environment?

on

equipment

qualification

or

the

Because you are also talking about the

pressure, which may be controlled by something other
than the instrumentation, right?
MEMBER REMPE:

Well, I am specifically

looking at instrumentation because there is a certain
amount

of

instrumentation

for

severe

accident

monitoring or post-severe accident monitoring.
the

staff

Draft

SE,

they

only

talk

And in

about

the

temperature curves from the combustible gas generation
analysis.

And

I

was

curious

if

pressure

and

temperature was considered, because there might be a
hydrogen ignition in some scenarios where certain
components didn't work.
MR. SISK:

For the equipment qualification

evaluation?
MEMBER REMPE:
MR. SISK:

Yes.

For the same question?
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MEMBER REMPE:
instrumentation.

So,

This is severe accident

it

is

beyond-design-basis

conditions.
MR.

MUN:

Just

on

the

design-basis

conditions we produce the pressure and temperature in
MELCOR for the design basis.
MEMBER REMPE:

Okay.

So, for the severe

accident instrumentation, you do not consider any sort
of pressure shocks?
MR. MUN:

It can be answered by our severe

accident team.
MEMBER

REMPE:

Okay.

So,

that's

a

question for the future, then, too, please.
MR. MUN:

This is the most top item, I

think.
(Laughter.)
As one of the design evaluations, the NPSH
available for circulation pumps and the containment
spray pumps are evaluated.

The NPSH available is

determined from the pressure difference subtracting
the friction noted at the pump suction and the steam
vapor pressure from the containment pressure in the
static head of the pumps.
In the evaluation of the NPSH available,
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our design assumes that the containment pressure is
equal to the IRWST liquid vapor pressure.

This is

assumption is based on the CAP analysis demonstrating
the containment accident pressure maintains above the
IRWST

liquid

vapor

pressure

with

a

sufficient

accident.
MEMBER STETKAR:

That also assumes that

the containment is fully isolated and not open to the
atmosphere, is that correct?

Say yes.

So, my earlier question, if I have a large
opening in the containment and the containment is
vented to the atmosphere, will your pumps lose netpositive suction head if the IRWST is at saturation?
So, if the containment is at atmospheric pressure and
the IRWST is at, if you are using Fahrenheit, 212
degrees Fahrenheit, will I still have adequate netpositive suction head for the SI pumps and the CS
pumps?

Do you know that?
(Pause.)
MR. J. OH:

So, this is Andy Oh, KHNP,

Washington office.
Your question is -MEMBER

STETKAR:

Okay.

Keep

the

containment open to the outside atmosphere, such that
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water boils at 212 degrees Fahrenheit.

Under those

conditions, will I have adequate net-positive suction
head for the CS pumps and the SI pumps?

The SI pumps

are more limiting because they have a larger netpositive suction head requirement.

So, if you want to

just talk about SI pumps, we can talk about them.

Got

it?
If the answer is yes, that's great.

If

the answer is no, my questions are going to follow up
on how long does it take to get to boiling for each
type of accident?

And that determines time windows

for people to start cooling the IRWST.

That's the

direction I'm going.
MR. MUN:

Just a moment.

We performed the CAP analysis based on the
SECY-11-0014.

Earlier submissions omit -- yes, so, of

course, we know.

And based on the analysis with

those, if we trust the reserve of the CAP, I think the
boiling condition has not occurred, even above 100
Celsius degrees.
MEMBER STETKAR:
followed.

I know the rules that you

I know what you did.

That's not the

question that I asked.
MEMBER CORRADINI:

We can ask the staff.
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MEMBER STETKAR:

Yes, I'll ask the staff.

But the staff is only going to tell us what the staff
has told us for the last seven years, that they're
okay taking credit for CAP.
I'm

trying

to

understand,

in

this

particular design, how much margin do we have.

And,

indeed, there are ways of cooling the IRWST such that
it may not become saturated, but that determines time
window.

Because operators may need to do that, it

determines time windows for the operators to do those
actions.
So, in the real world of risk assessment,
I am trying to understand how much margins we have and
how much times are available, in particular, if the
containment is not isolated.
MEMBER CORRADINI:
question?

Okay.

Do you understand his

I think what he is asking you is, if

H ATM is equal to 1 atmosphere -MEMBER STETKAR:
MEMBER CORRADINI:

Right, right.

positive number?

-- do you still get a

And then, if the answer to that is

no, how long do you have to rely on CAP in terms of
magnitude and duration?
MEMBER STETKAR:

Well, no, it isn't how
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long do you have to rely on CAP.

How much time is

available to keep the IRWST subcooled?
MEMBER CORRADINI:

Subcooled.

MEMBER SKILLMAN:

Let's go to the next

slide.
MEMBER KIRCHNER:

Well, the next slide may

answer that -MEMBER SKILLMAN:

The next slide really

goes to this.
MEMBER KIRCHNER:

-- because I think,

John, they assumed for the IRWST -- let's assume it is
sitting there percolating, so it is greater than
boiling

at

atmospheric

pressure

because

the

containment is vented or open.
MEMBER STETKAR:

No, the containment is

closed in all of their analyses.
MEMBER KIRCHNER:

But I'm looking at how

they constructed the table on the next page.

It seems

to me -- and maybe they should answer this -MEMBER STETKAR:
MEMBER KIRCHNER:

Yes.

Yes.

-- if you have a high

temperature in the IRWST, they are assuming that the
H-atmosphere equals vapor.
out.

So, you take those two
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MEMBER STETKAR:

Right.

MEMBER KIRCHNER:

And the question is, is

the H static sufficient minus the loss to provide the
net-positive suction head?

It appears in the table on

the next page, with some margin for uncertainty, that
it is.

But maybe they should answer, huh?
MR. MUN:

From our analysis, the most

severe, the most worst case for the LOCA, the margin
we have is more than 8.5 psi difference.
containment pressure.

It means the

During all the transient, the

worst -- the smallest pressure difference between the
containment pressure and the IRWST vapor pressure is
at least more than 8.5 psid.

We have that margin,

pressure margin.
MR. J. OH:

This is Andy Oh, KHNP, of the

Washington office.
That case, actually, per Chapter 6, they
didn't take into account for the containment is open
and

the

containment

atmospheric pressure.

estimates

be

raised

for

So, I think for the PRA, one of

the scenarios we just have taken into account IRWST is
not cooled down.
some

calculation.

calculation time.

So, in this scenario we just made
But

I

don't

remember

the

But when we are going through the
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Chapter 19 PRA, we can discuss this matter again.
MEMBER

STETKAR:

Okay.

Well,

it's

relevant for Chapter 19 certainly, which is why I
wanted to start asking the questions today.

But it is

also relevant for our Subcommittee's understanding of
margins for net-positive suction head in a, if I can
call it this, a deterministic sense, only because the
ACRS

has

traditionally

had

concerns

about

the

maintenance of adequate net-positive suction head
without the need to account for containment accident
pressure.
And we have kind of raised this issue as a
Committee in letters in the past, in particular, for
new designs where you are not necessarily constrained
by having an existing plant with existing pumps and
existing design-basis accident analyses.

And there

are ways for new plants to not necessarily have to
rely on containment accident pressure.
That's why I raise it now, because that is
a more deterministic licensing issue, rather than the
PRA issue.

It is obviously relevant to the PRA also.
And I'll stop now.

I'll let the other

people who can boil water speak.
MEMBER REMPE:

When I looked at this
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analysis, the question in my mind was, did you think
about not relying on CAP?

Because in the EPUs we are

seeing people come in that had originally tried to
rely on CAP who have finetuned their analysis and
decided they don't need it anymore.

Has KHNP tried to

do this without relying on CAP?
MR. YOON:

Yes.

MEMBER REMPE:

And you need this CAP

reliance?
MR. YOON:

Yes.

MEMBER REMPE:
MR. MUN:
Our

design

uses

Okay.

Thank you.

I will continue from this slide.
NPSH

required,

accordance with SECY-11-0014.

effective

in

And the 21-percent

margin is additionally considered for effects of the
uncertainty

factors.

NPSH

are

effective

of

penetration reserve for the safety injection, and the
containment spray pumps are listed in this table.
The NPSH are effective on 22 feet for the
safety

injection

pumps

containment spray pumps.

and

17.5

feet

for

the

The NPSH margin for the

pumps are calculated with these.

NPSH are effective

and are providing -MEMBER STETKAR:

I found a couple of
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different references in the DCD for the required NPSH.
The values you have on this slide are consistent with
the values in table 6.2.2-1.

In table 6.3.2-1, the

required NPSH for the safety injection pumps is listed
as 20 feet, 6.1 meters, which is less than this.

So,

this would be conservative compared to that for this
calculation.
In DCD table 5.4.7-1, the required NPSH
for the shutdown cooling pumps, which are identical to
the containment spray pumps, is listed as 5.49 meters,
or 18 feet, which is more than this value.

So, this

would be optimistic in terms of your calculation
compared to that table.
In other words, the calculation, if they
are using a higher-than-actual-required net-positive
suction head, the calculation is conservative the way
they do it.

But, if the actual net-positive suction

head is higher than this value, then this calculation
might be optimistic.
So, I'm not sure what the actual required
net-positive suction head is for each of those pumps
because I can find different values in different
tables.
MR. YOON:

I remember that in the -- maybe

103

it is the SCC pump or, yes, anyway, the pumps in the
DCD is revised in response to the RAI.

So, maybe I

know that the DCD is really -- the data in the revised
DCD is consistent with this data.
MEMBER STETKAR:
MR. YOON:

Ah, okay.

Yes.

MEMBER STETKAR:
MR. YOON:

Okay.

Yes.

MEMBER CORRADINI:
I'm confused.
NPSH?

Thank you.

Now you're happy; now

So, which one of these is the reference

Is it what we're seeing here?
MR. YOON:

Reference NPSH?

MEMBER KIRCHNER:

From John's citation,

then, indeed, they are calculating 20.5.
than the 18.

It is more

But, if they are using this correction

for uncertainty, it isn't, right?

Or am I missing

something?
MEMBER STETKAR:

No, what I'm looking at

is simply what they are listing in the bottom table -MEMBER KIRCHNER:

Yes, that's what I'm

looking at, too.
MEMBER STETKAR:
feet of water.
of water.

-- as NPSHr effective

That's effective required NPSH in feet
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In one table that I found for the SI pump
it is 20, rather than 22.
that.
17.5.

And I don't care about

But, for the CS pump, it is 18, rather than
And

if

it

actually

is

18,

then

this

is

optimistic.
The SI pump is still limiting, I mean of
the two pumps.
MEMBER KIRCHNER:
MEMBER STETKAR:

Yes, I agree.
I just want to make sure

that all of the calculations are consistent.
And Rob had something he wanted to add.
MR. SISK:

No, no, I am just reconfirming

-- this is Rob Sisk, Westinghouse -- I just wanted to
reconfirm.

The data here, the 17.5 is the correction

that has gone into Rev. 1.
MEMBER STETKAR:
MR. SISK:

Okay.

That is the correct datapoint

here.
MEMBER STETKAR:

Okay.

So, that tells me

that that table over in Chapter 5 -MR. SISK:

Has been revised.

MEMBER STETKAR:
MR. SISK:

-- has been revised.

Correct.

MEMBER STETKAR:

Okay.

Because there
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wasn't a table for the containment spray pump in
Chapter 6.

So, I had to go to Chapter 5 to look for

the equivalent pump.
MR. SISK:

That's correct, yes.

That's

confirmed.
MEMBER STETKAR:
MR. SISK:

Okay.

So, these are --

These are the values.

MEMBER STETKAR:

Okay.

MEMBER CORRADINI:

Thank you.

And if I might just to

clarify, so in these calculations the H vapor and H
atmosphere essentially cancel out?

Because I am

assuming that I am what -MEMBER MARCH-LEUBA:
MEMBER CORRADINI:
their assumption was.

Not necessarily.
I want to know what

I thought their assumption was

that H vapor and H atmosphere cancelled.
MEMBER

MARCH-LEUBA:

Only

if

the

temperature is higher than 212.
MEMBER CORRADINI:
MEMBER KIRCHNER:

Correct.
But that was the case

that John was worried about.
MEMBER CORRADINI:
correct.

As I understand, you're

But, if I understand, in all the assumptions

it is assuming that it is saturated through the whole
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calculation.

That is the other point.
MEMBER MARCH-LEUBA:

Okay.

That I do

agree.
MEMBER CORRADINI:

Okay.

MEMBER BALLINGER:

So, at 1.73 feet for

the SI pump, how much of that is CAP?

In other words,

if you were to remove CAP, what would that number do?
MR. MUN:

I'm sorry, could you --

MEMBER BALLINGER:

If you didn't use CAP,

containment accident pressure, if you didn't use it,
what would the number be changed to from 1.73 for the
SI pump?
MR. MUN:

I think this is not related to

CAP because we assumed the vapor pressure and the -we assumed the containment pressure is equal to the
containment vapor pressure.

That is an additional

margin, but -MEMBER MARCH-LEUBA:
That is a synonym with CAP.

Yes, but that is CAP.

So, assuming that those

terms are equal, it is assuming containment accident
pressure.
MEMBER REMPE:

I don't think we know is

the answer to your question.

Again, I don't think

that you did analyses, but they got them presented to

107

us that said what would happen if you didn't assume
CAP.

But, apparently, they decided that they need it,

is I guess the answer to the question.
MEMBER BALLINGER:

There is absolutely no

discussion of that -MEMBER REMPE:

I know.

MEMBER BALLINGER:
MEMBER REMPE:

-- anywhere in the DCD.

I was curious.

I mean,

again, it would be interesting to know if you could
explore some other assumptions and you wouldn't need
to use it, but that has not been presented to us.
MEMBER

BALLINGER:

Not

in

the

RAIs,

either.
MEMBER REMPE:

I know, because the staff

has a position.
MEMBER CORRADINI:

So, let me ask maybe,

John, that maybe we defer this to Chapter 19.
So, in the risk assessment, you do do
"what if" calculations about cooling the IRWST and
recovering?

In

other

words,

if

we

asked

these

questions under the construct of the risk assessment,
there are analyses that are available?
MR. J. OH:

Yes, this is Andy Oh again.

In order for operator action time, we did
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some calculation under the consequence that the IRWST
is not cooled, how long we can prevent the cold
temperature to -MEMBER CORRADINI:
back to it at that time.

Okay.

Okay.

So, we can come

That's fine.

We will

come, then, because I figured you had done some
recovery calculations.
Thank you.
CHAIRMAN SUNSERI:
on as a Committee?
MR. MUN:

So, are we good to move

Okay, yes, let's go.
In this slide I will talk about

the hydrodynamic loads and pool temperature for the
design.

During an RCS pressurizing accident, the air

would get started into the IRWST through the PSR
response, may influence on the IRWST structure.
The

hydrodynamic

load

analysis

is

to

calculate the impacts on the air bubbles pressure on
the IRWST wall.

This provides the maximum pressure

load for IRWST structure design.
The hydrodynamic load is calculated using
the empirical model applied to the System 80+, which
was previously approved by the NRC.

And the pool

temperature is calculated using the ANSYS-CFX computer
code.
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From the analysis result, it is estimated
that the maximum pressure load following the air
bubbles compression and expansion is 21.2 psi with a
frequency of 4 hertz to 14 hertz.
For the pool temperature, it is estimated
that

both

the

average

temperature

and

the

local

temperature of IRWST water are well-maintained below
the temperature limit, 200-degree Fahrenheit required
by the NUREG-0783.

We have no open item on this

analysis.
Next.

In-service inspection and testing

of ASME Section III, Class 2 and 3 components, are
conducted in accordance with ASME Section XI and
Operation and Maintenance.
Yes, next.

Summary.

The conclusion is as

follows:
Yes,

as

you

have

seen,

the

APR1400

engineered safety features are designed to meet the
United States regulatory requirements.
The containment integrity and the plant
safety system are designed with the design margins to
cover any postulated accident condition.
Thank you for your attention.
CHAIRMAN SUNSERI:

Thank you.
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So, any other questions KHNP from the
Committee?
(No response.)
No?

All right.

Well, once again, we are

making up good time on the schedule here.

We do have

some other meetings at 12:00 that some of the members
have to attend to.

So, I think at this point in time

I would like to call for a lunch break, and we will
resume the meeting at one o'clock with the staff
presentations.
Will the staff be ready?

All right.

So, we are recessed until one o'clock.
(Whereupon, the foregoing matter went off
the record at 11:18 a.m. and went back on the record
at 1:02 p.m.)
CHAIRMAN SUNSERI:
to recommence the meeting.

All right, we're ready

So we're called to order.

The ACRS members present are the same as
before in the morning session, with the exception of
Member March-Leuba, who has excused himself.

He's not

feeling well so we'll continue without him.
At this point, we're ready to continue
with the staff presentations on Chapter 6.
it over to Jessica Umana.

I'll turn
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MS. UMANA:

Good afternoon.

We have

another exciting presentation to keep you awake for
the afternoon, Chapter 6.
I'm

Jessica

Umana,

I

am

the

project

manager for Chapter 6, which is Engineered Safety
Features.

Today you'll be hearing from some of the

reviewers involved with Chapter 6.

You'll see here

are the name of the presenters, the staff that you'll
see presenting today.
And again, I always like to spare this
slide a couple of seconds because, as you can see,
this required a lot of coordination with a lot of
reviewers to get this presentation, as well as the
safety evaluation together.
I'm not going to read through this slide
but these are the applicable SRP sections, where the
staff conducted their reviews.

And that's in the

slide handouts that you have for your reference.
And now, without further ado, I'm going to
turn it over to Matt Thomas and he'll be presenting on
Section

6.3,

which

is

Emergency

Core

Cooling

System/Safety Injection System.
MR. THOMAS:

Thanks, Jessica.

So yes, as Jessica mentioned, I'm Matt
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Thomas.

I was the technical reviewer for Section 6.3,

Safety Injection System.

You guys might remember me

from the Safety Injection Topical Report presented a
couple weeks ago.
First, I'd like to start off with telling
you about the areas of review that the staff looked at
for this section, the first one being the design basis
review area.
The staff reviewed the APR1400 safety
injection system to assure that the applicant designed
it utilizing an appropriate design basis.

We all know

that he function of the typical large light-water
reactor

safety

injection

system

is

to

provide

emergency core cooling during accidents, which is
sufficient to prevent fuel damage by removing decay
heat and maintaining the core shutdown.
The

staff

examined

the

design

basis

accidents and the requirements for which the applicant
based the safety injection system design on, as one
area of review.

Those accidents include loss of

coolant accidents, steam generator tube ruptures,
steam line break, and rod ejection.

looked

at

The

second

was

the

area

of

review

functionality

of

that
the

staff
safety
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injection

system.

functional

system

This

included

arrangement

to

review

of

the

establish

the

similarities and differences of the APR1400 safety
injection system with previously approved emergency
core cooling systems.
The

staff

also

reviewed

the

system

reliability to understand the design's redundancy,
independency, and single failure considerations, as
well as the system's different power sources.
The staff also reviewed actuation signals
and set points for their adequacy and consistency with
the Chapter 15 analyses.
The staff also wanted to confirm, through
this review, the system's -- safety injection system's
automatic characteristics.
The

staff

also

reviewed

the

safety

injection system's functioning for different accidents
to confirm the design basis adequacy.
mentioned earlier.

So, that's

This included ensuring overlap

with the CDCS system down to the smallest break and
ensuring like different criteria, for instance, steam
line break.

Your criteria is reactivity control

versus like a LOCA, where it's inventory control.
The

staff

also

reviewed

the

safety
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injection system's instrumentation and controls to
confirm the system is appropriately instrumented and
can be controlled as operated -- and operated as
designed.
The staff also reviewed other components
such

as

the

safety

injection

pump,

the

safety

injection tanks, the IRWST and the piping and valve
design to ultimately confirm the adequacy of those
designs and functions.
And lastly, the staff reviewed the safety
injection system's capability for short and long-term
core cooling, to confirm that it is appropriately
designed

to

meet

those

short

and

long-term

core

cooling requirements, such as the applicant discussed
earlier, mitigating boron precipitation in the longterm by hot leg injection.
Next slide.

Thanks.

The next area of review was the protective
features of the safety injection system.

The staff,

in this area of review, reviewed the system to assure
adequate protection against gas accumulation.

The

staff also reviewed the system for protection against
dead head operation and positive suction head to
prevent cavitation.
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As part of the net positive suction head
issue, the staff audited their calculations to confirm
that Reg Guide 1.82 was followed.
The staff reviewed and also collaborated
with the Division of Engineering to assure adequate
system seismic classification of piping and components
of the safety injection system.
The

staff

also

conducted

an

audit

to

verify safety injection tank relief capacity to ensure
adequate over pressure protection.
Furthermore, the staff reviewed the safety
injection

system

design

to

assure

adequate

harsh

environment qualification considerations, as well as
examining the failure modes and effects analysis to
verify no single point vulnerabilities in the system.
And lastly, for this review area, the
staff reviewed the safety injection system's design
for appropriate placement in the plant to confirm
protection against external and natural hazards.
And the last area of review for the safety
injection system dealt with the testing, technical
specifications, and surveillance requirements.
As part of this review, the staff looked
at the ITAAC, with the goal of determining necessary -
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- determining that they are necessary and sufficient.
The staff reviewed the pre-operational
tests, with the goal of determining sufficiency of the
tests for confirming system performance and capability
prior to operation.
The staff reviewed the in-service testing
considerations
injection

as

design

periodically

well,

to

provides

demonstrate

confirm

the

for

the

the

capability

safety

capability

to

during

operation.
As I mentioned earlier, I was the reviewer
of the safety injection tank fluidic device topical in
that I had a cursory look at that topical report and
the full-scale testing again, to make sure it is
applicable to Section 6.3 as it is incorporated by
reference.

So like confirming the consistency of

dimensions and characteristics of the tank to make
sure that that's consistent.
And lastly, the staff reviewed the tech
specs

with

the

goal

of

determining

the

limiting

conditions for operation, suitability, and adequacy,
as well as the adequacy of the frequency and scope of
the surveillance requirements.
Next slide, please.

Now, I'd like to go
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through the findings that were made as part of the
review.
In regards to the design basis review
area, the staff found that the safety injection system
is appropriately designed for accident mitigation.

I

would also like to note that this safety injection
design is extremely similar to other large light-water
reactor emergency core cooling systems.
In regards to the functionality review
are,

the

staff

found

that

components for safety injection.

design

includes

all

Again, going back to

the similarity between other operating ECCSs.
The design is reliable.

The staff found

that the design is reliable because it provides four
redundant and independent trains of safety injection
that no one single failure can inclusively inhibit.
Each train is powered by its own independent, normal,
and

emergency

power

source

and

is

adequately

physically separated.
The safety injection actuation signals are
adequate because they are independent and redundant
and automatically initiate safety injection without
operator action.
The set-points are adequate because they
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appropriately

initiate

safety

injection

before

detrimental core conditions can occur, as shown in the
safety analyses later, which you'll see.

That's part

of Chapter 15.
The safety injection system can function
for a range of accidents because it is actuated via
diverse signal, such as the low pressurizer pressure
and high containment pressure signals and has employed
centrifugal

pumps

whose

discharge

capacity

is

a

function of the discharge pressure.
The safety injection tank fluidic device
will also passively inject only when the reactor
coolant system pressure drops below that set-point.
As

I

mentioned

earlier,

the

safety

injection system contains the appropriate components
necessary to complete the safety injection function,
which includes the water source, which is the IRWST in
this case, in the safety injection tank water, the
water delivery method, which are the pumps and the
tanks,

safety

injection

tanks,

and

the

interface

between the source and delivery method which, in this
case, is the sump strainer.
The IRWST and the sump strainer detailed
design review is done as a part of 6.2 but there is
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interface with 6.3.
Additionally, the safety injection system
components, in particular the pumps in the safety
injection

tanks

are

adequately

instrumented

and

controlled such that operators have a normal and
backup means for controlling and monitoring the safety
injection system from the main control room, as well
as the remote shutdown room.
And lastly, the operational modes of the
safety injection system are appropriate for short-term
and long-term core cooling and reactivity control.
I will point earlier I think there is a
question about what other plants use this hot leg
injection

for

long-term

core

cooling.

It

was

mentioned Westinghouse plants are -- and I am aware of
at least plant in the United States, a combustion
engineering plant that also has hot leg injection
capability.
Slide 6, please -- or sorry.

Next slide.

In regards to the protective features
review area, the staff found that the safety injection
system was appropriately with protection against gas
accumulation via the safety injection fuel tank system
and system vents.
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Furthermore, the applicant has provided
appropriate controls such as ITAAC and tech specs that
initially

and

continually

monitor

for

gas

accumulation.
MEMBER SKILLMAN:

Matt, would you speak

more about that, please?
MR. THOMAS:

Sure.

MEMBER SKILLMAN:
points

automatic

or

is

that

Is the venting of hot
an

operator-required

action, please?
MR. THOMAS:

That is an operator-required

action.
MEMBER SKILLMAN:

Okay, how do they know

when to do it?
MR. THOMAS:

I believe the tech spec

surveillance requirement for that is once every 30
days but perhaps KHNP can shed more light on that.
MR. T. KIM:
requirement.

Yes, we have a surveillance

This is Tae Han Kim from KEPCO.

Yes, we

have a surveillance requirement for every 30 days.
MEMBER SKILLMAN:

Thank you.

Okay, thank

you.
MR. THOMAS:
safety

injection

pumps

The staff found also that the
were

adequately

protected
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against dead head operation, via employment of a
minimum

flow

line

and

there

exists

adequate

net

positive suction head margin under the appropriate
worst-case accident conditions.
As I mentioned earlier, the staff audit
confirmed that the applicant followed the appropriate
methodology detailed in Reg Guide 1.82.
The safety injection system -- the staff
found also that the safety injection system has been
appropriately classified as seismic Category I.

The

staff also found that the safety injection system
piping valves, the safety injection tanks area all
adequately

protected

against

over

conservative pipe and valve design.

pressure

via

So the pressure

rating of piping and adequate relief valve capacity as
confirmed in one of the staff audits for the safety
injection tanks.
The

staff

also

found

appropriately

locates

components

practical,

course,

outside

of

of

protect against harsh environments.

that
to

the
the

design
extent

containment

to

The staff further

found that a single failure of any component of the
safety injection system will not affect more than one
train

because

of

the

degree

of

redundancy

and
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independency built into this system.
And

lastly,

the

staff

found

that

the

safety injection system was appropriately located
within a seismic Category I building, which adequately
protects against natural and external phenomena.
And for the last area of review, I'll go
through those staff findings as well.
The staff found that the safety injection
system ITAAC were appropriately developed from the
Tier

2

design

descriptions

and

figure

and

are

necessary and sufficient to provide the reasonable
assurance that the as-built system will be constructed
and

operated

in

conformity

with

the

design

certification and other applicable regulations.
And the staff, likewise, found the preoperational test appropriately developed from the same
system

design

sufficient

for

description

and

confirming

system

figures

and

are

performance

and

capability prior to operation.
The staff found that the safety injection
system is designed to allow in-service testing in
accordance with the ASME operations and maintenance
code.
And lastly, the staff found that the tech
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specs are technically adequate because the system's
safety function, as analyzed in Chapter 15 can be
readily achieved by meeting the limiting conditions
for operation.
The surveillance requirements are also
technically adequate because they verify operability
of key components of the system whose failure could
adversely affect the availability, reliability, and
capability of the safety injection system.
Furthermore,
surveillance

the

requirements

were

tech
found

specs
to

and

have

the

appropriate bases, which were developed from, again,
the same Tier 2 system design descriptions and safety
analysis information.
There was one exception to this area of
review and that was the APR1400 has a capability to
recycle

boron.

The

question

was

raised

if

you

continually recycle boron and to the extreme you never
batch new boric acid powder, what happens to the boron
bin.

Does it deplete?

your

safety

requirements?
is

still

applicant.

analysis

Does it put you outside of
in

terms

of

shutdown

That was addressed as an open issue and

being

considered

at

this

time

by

the
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Next slide, please.
I would like to go over the conclusions
now.
MEMBER STETKAR:
MR. THOMAS:

Matt?

Yes, sir.

MEMBER STETKAR:

In no operating units in

the United States have a boron recycle system?
MR. THOMAS:

Can you repeat the question?

MEMBER STETKAR:

Do any operating units in

the United States have a boron recycle system?
MR. THOMAS:

I do know that a lot of those

systems have been in abandoned in place.

I am aware

another reviewer in my branch has talked about some
operating experience that -- and I'm not sure if the
plant still uses the recycling or if this was years
ago that did indicate at least admin controls were
appropriate for verifying the boron tin concentration
in addition to the boron concentration.

But in terms

of if there are any plants at this moment that are
currently still recycling boron, I'm not sure.
MEMBER STETKAR:

Okay, I don't know.

I

mean I'm just honestly trying to -MR. THOMAS:

But yes, there has been

operating experience where that boron tin does deplete
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-MEMBER STETKAR:
MR. THOMAS:

Okay.

-- and without any control

for it and then it might put you outside of your
safety net.
MEMBER STETKAR:
MR. THOMAS:

Thank you.

Yes.

CHAIRMAN SUNSERI:
question for you, too.

And Matt I have a

And this is, I will have to

set it up a little bit because I'm still, in my mind,
trying to visualize how this containment refueling
storage tank is configured and how sealed up it is or
whatever.
So my mental picture of it right now is
that it's a tank that is essentially enclosed, with
the exception of the swing gate dampers that will
allow you the pressure-relieving of vacuum breaking
and that the source of supply to it is through this
volume holdup tank or holdup volume tank.
So my question then becomes when you get
an actuation signal and all of the safety pumps start
drawing down the IWRST, do these swing -- does in
particular the vacuum-relieving swing gate have to
operate to allow breaking a vacuum in there so that
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you don't lose your net positive suction head?

So,

that's my question.
MR. THOMAS:
have

to

defer

that

to

Okay.
the

Yes, I think I would
applicant.

It's

my

understanding that yes, those swing gate dampers are
there for that reason.
CHAIRMAN SUNSERI:

So just before you pass

it on then, so if that is indeed the case, then, I did
not see any operability requirements for that gate to
ensure that it's going to actually operate and allow
that in a safety situation.

So, that would be the

full question.
MR. THOMAS:
Thanks.

Yes, I'll take note of that.

I don't know if I can answer that question

at this moment.
MR. LU:

This is Shanlai Lu from staff.

For 6.3, ECCS injection system review, this part of
section review covers from the pump suction but all
the way down to the downstream of the pump and isn't
related to IWRST containment design.

The staff is

going to talk about that later.
Indeed, that was not a 6.3 part of section
reviewed area where we begin starting from the suction
line all the way to the pump and the discharge, and
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then also the safety injection tank.
And then okay, here we go.

We have a

staff to answer your question.
CHAIRMAN SUNSERI:
MR. TRAVIS:

Okay, thank you.

This is Boyce Travis.

I did

the review for 6.2, which also includes the IWRST.

It

is my understanding that those spring panels are not
required

to

operate.

The

expectation

is

that

effectively what will happen is the swing panels will
operate because there will be a containment -- the
pressure in containment will peak and those swing
panels will operate.

But I believe, and I will have

to get back to you on this this afternoon but I
believe that through the HVT, they can also sustain
the containment because of where the spillway is
located.
the

The spillway is at containment pressure for

HVT.

And

so

that's

going

to

provide

the

containment pressure as vapor pressure for the IWRST
as well.
MEMBER CORRADINI:

So since you brought it

up, I'm still trying to figure out why I need a swing
panel.

They

strike

me

as

useless

because

the

evaporation rate -- I would do an evaporation rate
calculation.

I can't imagine I would lose that much
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that I wouldn't monitor and replenish, if necessary.
MR. TRAVIS:
reasons.

I think there's a couple of

I can't speak to their design choice.

I

don't know that it's necessary, per se, but there is
both an evaporation and a water purity concern in the
IRWST in terms of I know the Structural Branch has
asked the question about dissolved oxygen in the
IRWST.

And so they want to reduce the amount of

oxygen in there as well but -MEMBER CORRADINI:

So it's more -- it's as

much chemistry control as it is the evaporation?
MR. TRAVIS:

That's my understanding of

it.
MEMBER CORRADINI:
MR. TRAVIS:

Oh, okay.

I can't speak to the design

reason for choosing to use the swing panels like that.
MEMBER CORRADINI:

But during an accident,

to get to Matt's question, you would be replenished -whether it would be a little LOCA or a big LOCA, you'd
still be dumping water in by another pathway, right,
because the HVT is feeding the water into the -MR. TRAVIS:

That's correct, yes.

MEMBER CORRADINI:
I'm pressurizing.

Okay.

And as you said,

So those other panels would open.
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MR. TRAVIS:

Right.

negative and positive vacuum.

So there's both

One of them opens, I

believe, if containment goes 1.5 psi above the inside
of the IRWST, the inboard swing panels open.
IRWST

is

more

than

half

a

psi

If the

different

than

containment, the swing panel from the IRWST out into
the containment opens.
MS. GRADY:

This is Anne-Marie Grady in

the Containment Systems Branch.

I was going to say

what Boyce just said.
In looking at the hydrogen combustion
analysis because they do, in fact -MEMBER CORRADINI:

Yes, I think you've got

to go to the microphone.
MS. GRADY:

Oh.

This is Anne-Marie Grady

and I was looking at the swing panels in the IRWST
because the POSRVs discharge to the IRWST and they do,
in fact, open when Boyce said.

They open inward on

half a PSID and outward on 1.5 PSID.

So, if there are

extra noncombustible gases in there, it vents into the
containment.
Wanting

to

know

more

of

the

physical

details of the panels -- I'm sorry, the vents, these
are vertical vents sitting on top of the IRWST and
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they have panels on the sides of them.

I issued an

RAI, which I can give you the ML number for, if you'd
like it, and KHNP came back with a very detailed
description

of

how

they

operate

with

physical

dimensions.

And of interest to me because of the

combustion analysis was the fact that there are four
of these vertical vents and in each of these vertical
vent,

there

interest.

is

a

PAR

in

each

that

That's how I got the information.

are six feet by six feet.
actually.

one,

was

my

But they

They are quite large,

So if you want the ML number, I can give it

to you for the RAI.

ML16189A321.

MEMBER CORRADINI:
MEMBER STETKAR:

Thank you.
But that doesn't answer

the question of do they need to open so that the pumps
do not cavitate.

Under normal conditions, if I start

safety injection, don't do design-basis accidents,
don't do LOCAs.
cooling.

I start this for feed and bleed

I open the valves.

I start the darn pumps.

I don't have any overpressure in the containment
right now because the guidance doesn't tell me to wait
until I get a certain overpressure in the IRWST before
I start the pumps.
start the pumps.

It just says open the valves and
The IRWST is subcooled and if it
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looks hermetically sealed container at that point, the
pumps are not necessarily going to be all that happy.
MR. THOMAS:

So yes, I think the question

comes down to do the swing panels of the IRWST need to
be

included

in

tech

specs

for

operability

requirements.
MEMBER STETKAR:
MR. THOMAS:

Right.

That's right.

Understood.

MEMBER STETKAR:

The path between the HVT

and the IRWST might save you.

It might.

It might I

just I didn't think about that one either.
MEMBER CORRADINI:

All right, thank you,

Matt.
MR. THOMAS:
So
conclusions.
injection

Thank you.

lastly,

I'll

go

through

the

Overall, the staff found that the safety

system

is

adequately

designed.

The

applicant has considered all necessary features of a
typical
system

large
and

light-water

incorporated

emergency

those

core

features

APR1400 safety injection system.

cooling

into

the

The applicant's

ITAAC and pre-operational tests are appropriate for
confirming

the

initial

performance

of

the

safety

injection system and the tech specs are adequate for
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verifying the continued reliability, availability, and
capability of the safety injection system, except for
the one open issue, boron-10 depletion.

That is still

being considered by the applicant.
And I think we will get with the Tech
Specs Branch and Containment Branch to discuss the
operability of the swing panels, if that needs to be
incorporated.
Thank you for your time and that's the end
of my presentation, pending any questions.
CHAIRMAN SUNSERI:
from the members?

Any other questions

All right, thanks, Matt.

MR. THOMAS:
MS. UMANA:

Thanks.
Okay, were going to move on to

Section 6.4 and 6.5 with Nan Chien and Michelle Hart.
MR. CHIEN:

On result for the system

review part, besides some for the radiation part.
The control room in Chapter 6.4 basically
followed traditional control room design.
was no surprises.

So there

And can we go to the -- okay.

Next

one.
Okay, we went through the design basis and
it's fairly concentrated on TBD 19 and we found some
problem with the tech spec as to testing the air
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conditioning unit and initially the design was tested
ten hours.

So now we talk about it and applicant

realized that it only needs to test 15 minutes because
that's an issue we resolved and we think applicant
has, other than that, there is no other issues.
The

system

was

in

emergency

mode

and

recycling mode.
MEMBER

CORRADINI:

Could

you

speak

a

little louder or bring it closer to you?
MR. CHIEN:
design.

Yes.

It followed the typical

You have emergency mode.

You have recycling

mode and in reviewing, we did not see any surprises
for this design.

So basically, we are satisfied.

Michelle has some radiation review.
MS. HART:

I didn't have any issues in the

radiation review, as written into Chapter 6.4.

I mean

they did evaluate the dose from the external plume and
from the plume inside the control room and direct dose
from the filters, which are outside the control room.
And so they did all that appropriately and
according SRP 6.4 and also some guidance in Reg Guide
1.183.
However, there was a draft open item,
which you haven't seen Chapter 15 yet.

There is a
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draft open item in SER Section 15.0.3 on the modeling
of

the

control

analysis.

room

air

intake

in

the

DBA

dose

They have two diverse intakes and they

periodically open both dampers after they initially
close to check to see which intake has the less
radioactivity and then they close the one that has
more radioactivity in pull from the one that has less.
It was not clear to me that the designbasis accident dose analyses modeled that periodic
reopening of both air intakes at the same time and so
we had asked them a question.

We found this through

an ITAAC on the radiation monitors for the intakes.
We did not find it in Chapter 6 or in Chapter 9.
So, we have asked them a question in
Chapter 14 about this issue and we're still resolving
this

issue

but

preliminarily,

it

looks

like

the

analysis does have enough margin to cover the periodic
reopening.
applicants

We just have to make sure that the COL
will

understand

that

the

analysis

has

certain parameters the amount of time that they can
have it open.
So our findings, regardless of that, our
findings are only confirmatory items.
open

issues

in

Chapter

6.

There are no

Contingent

on

these
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confirmatory items, and they're mostly to clarify
system descriptions in tech spec bases and also in
Chapter 6.4 pursuant to some RAI responses they had to
change

some

operation.

information

or

clarify

the

system

Therefore, we find the system adequate and

acceptable.
Do

you

have

any

questions

on

that

particular aspect?
I will go ahead and discuss Chapter 6.5.1,
which is ESF filtration systems, basically.

There are

three systems that have filtration systems and they
were described earlier by KHNP.

We evaluated them for

conformance to Reg Guide 1.52.

We evaluated the

carbon adsorbers and the HEPA filters and we also
evaluated instrumentation requirements and the release
point radiation monitors and verified that they had
appropriate ITAAC and technical specifications.
The only, there were no open items.
was

a

fairly

confirmatory

standard

item

to

review.

clarify

the

There
carbon

was

It
one

adsorber

description in the design certification document.

And

contingent on that, we do find the ESF ventilation
systems

and

acceptable.

related

filtration

capabilities
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Next slide.

For Chapter 6.5.2, this is

the review of the containment spray system and as a
fission product removal system.

This is not the

review of the system itself but of its capability to
remove fission products.
As described earlier by the applicant, it
does -- they do take credit for particulate spray by
iodine -- particulate iodine removal by the sprays,
elemental iodine deposition on the wetted surfaces.
This is all reliant on the IRWST pH analysis.

We did

audit their calculations and also did confirmatory
analyses and we looked at the amount of TSP buffering
and made sure that that was appropriate, especially
for iodine retention in the IRWST so it doesn't get
rereleased into the containment.
There was one confirmatory item and that
was also to clarify the description in the DCD and
some of that description was to tell us how the
coolant was moving from the containment through the
HVT to the IRWST.

I was confused by that aspect as

well.
But contingent on their clarification of
that description, which they had provided a draft
version of that in RAI response, we do find the
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description
modeling

of

of

the

the

containment

related

spray

fission

system

product

and

removal

acceptable.
MEMBER POWERS:

Michelle, did you audit

their calculations of acidification?
MS. HART:

I did not.

reviewer for the pH control.

I was not the

The reviewer was from

the containment -- I mean the Materials and Chemical
Branch and he has moved to NMSS.

But I do have

someone here who can speak to, generally, these types
of analyses.
MR. MAKAR:

This is Greg Makar from the

staff.
In the Materials and Chemical Engineering
Branch, we do -- as Michelle said, I didn't do this
particular review but normally we would ask for the
buffer as well as any acidification generated by
hydrolysis

of

things

like

containment

or

cable

insulation and jacketing, as well as the generation of
nitric acid from radiolysis.

And I have not -- I

can't say whether -- I can't confirm that that was
done in this case but that's normally how we do it.
MS. HART:

And I know in the discussion

earlier, you were asking about the source term that
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was used for the radiolysis and I don't have any
information on that either but I do not know if it was
the TID-14844 source term or if they had used the
NUREG-1465 type source term because their design-basis
accidents in Chapter 15 do use Reg Guide 1.3.
MEMBER

POWERS:

Well,

there's

a

recommendation. There's a topical report on what to
expect.
MS. HART:

Right.

MEMBER POWERS:
xenon and krypton.

And it's dominated by the

So, it's not very crucial whether

you use TID or -MS. HART:

Right.

MEMBER POWERS:

They both have exactly the

same -MS. HART:

They are about the same, yes.

MEMBER POWERS:

-- noble gases.

The really tough question is -- the harder
questions are what you use for g-values on the cable
insulation, the HCL release, and the g-values for
nitric acid formation in a steel atmosphere.

But I

guess that -MS. HART:
that.

I, unfortunately, can't answer

139

Okay and so then the final section that I
will be discussing today is Section 6.5.3 and this is
fission product removal structures.

And the main

structure that they have for fission product removal
is the primary containment and they do take credit for
natural deposition with the powers ten percentile
natural deposition model.

And that's for aerosol

removal.
And they did have a discussion of the
containment building ventilation system, however, they
did not take credit for that for fission product
removal.
The design features that control fission
products during the postulated accidents were found
acceptable and do meet the requirements.

I did ask

them about the applicability of the Powers Model for
their

particular

design,

since

it

was

based

on

correlation to currently operating plants and they did
provide information on that.

But I didn't have any

other questions on aerosol deposition.
Any questions?
MEMBER CORRADINI:

I'm trying to think of

a question to discredit the Powers Model but I can't
think of one.
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MS. HART:

I know it's kind of difficult

to believe we still use that, right?
MEMBER CORRADINI:
MS. HART:
sorry.
plants.

That was good.

That is on the record.

I am

It's a standard question I have for all of my
Why does it apply to you?
MEMBER POWERS:

You know you like Play

Doh, it lasts beyond its years.
MEMBER CORRADINI:
MEMBER POWERS:

That's P-L-A-Y-D-O.
It's D-O-H but --

Could you tell me where

the Human Resources Office is?

I think I'm in a

hostile working environment here.
MS. HART:

Sorry about that.

MEMBER POWERS:
MS. UMANA:

We had better move on.

Well that's all we have for

our 6.4 and 6.5.
So, while we transition staff out, I'm
just going to introduce the next section.

We're going

to have 6.1.2, 6.2.1.1, 6.2.1.5, and 6.2 presented by
Greg Makar and Boyce Travis.
MR. MAKAR:

Beginning with Section 6.1.2,

this is coatings and other organic materials and this
is a section where that describes the types of organic
coatings, inorganic coatings, which is inorganic zinc,
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and other organic materials.
This is done primarily as a way to see if
the coatings that are in containment or communicated
with the ECCS are following the guidance in Reg Guide
1.54,

that's

the

most

common

way

to

regulations with respect to coatings.

meet

our

And that Reg

Guide covers a variety of quality assurance aspects,
as well as personnel qualification and certification
and condition monitoring.
The

other

organic

materials

also

contribute to acidification, as we just discussed.
That's

normally

not

reviewed

here

but

it's

incorporated and we've heard in other reviews such as
how much pH buffer is required in containment.
So in this review, we have found that they
do follow Reg Guide 1.54 with no exceptions.

The

coatings

All

are,

containment

therefore,

coatings

requirements.

meet

Service
the

Level
Service

I.
Level

I

That means they've been qualified under

DBA conditions and are considered safety-related.
There were no open items in here but we
had

some

questions

clarification

on

what

for

them.

the

coatings

We
were

required
but

the

definitions they were using to confirm if they were
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like conformed to the reg guide description of the
different

coating

systems.

What

substrates

and

coating materials were used in what places and how
much.
The evaluation of these coatings as a
debris source is done in Section 6.8, which we'll talk
about a little later.

And in addition to what was

clarified in the DCD, there's also a requirement for
the COL applicants to manage coatings that maybe
weren't -- that were applied in containment that did
not meet Service Level 1 requirements, as well as
describing the coating program that their plant will
have and the implementation mile stones and tracking
the amount of organic cable installation and jacket
material.
MR. TRAVIS:

All right.

So moving on to

Section 6.2.1.2, which is the subcompartment analyses,
there are six subcompartments in containment that
contain piping that is not subject to leak before
break considerations, which obviously excludes thing
like the reactor cavity of large piping that is
subject to leak before break.
In order to perform their calculations,
the

applicant

used

COMPARE,

which

was

previously
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reviewed by the NRC for this application and approved.
The
calculations.

staff

audited

the

applicant's

They used appropriately conservative

discharge models to calculate the mass and energy
release form the piping in these subcompartments.
The

coefficients

and

heat

transfer

characteristics corresponded with the guidance that we
provide and they further added a one percent margin,
so effectively multiplied by 1.01 for the mass and
energy release.
There were no open items related to this
section.

As

part

of

our

review

we

performed

a

confirmatory analysis of a sample subcompartment, in
this case the pressurizer spray valve room.

We

calculated a peak differential and we used MELCOR to
do this.

We calculated a peak differential pressure

margin of 1.43, which agrees pretty well with the
applicant's calculation of -- 1 point -- they get .40.
I get .41 when I run their numbers but either way,
very close.
As such, we found that the applicant's
calculation

for

subcompartment

pressures

was

acceptable, as they met the requirements associated
with GDC 4 and 50 and our confirmatory analysis agrees
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reasonably well with what they provided.
MEMBER CORRADINI:

So I can't pull it up

as quickly as I want to but it's a high energy -MR. TRAVIS:

So something like at the top

of the pressurizer -- in this case, the pressurizer
spray valve room, it's the line that leads to the
IRWST where they -- their POSRV line.
MEMBER

CORRADINI:

So

So that --

that's

a

break

there.
MR. TRAVIS:

Yes, exactly.

So we're

talking about like on the order of four- to nine-inch
pipe, very short sections.
MEMBER CORRADINI:

I'm just trying to

understand where you did the confirmatory analysis.
MR. TRAVIS:

Okay, yes, in this case, it

was the top of the pressurizer spray valve room, one
of the POSRV lines.
MEMBER CORRADINI:
limiting

locations

for

in

Is that one of the
terms

of

equivalent

qualification?
MR. TRAVIS:

Well so for --

MEMBER CORRADINI:
release.

Or for mass and energy

Excuse me.
MR.

TRAVIS:

Yes,

this

was

the

most
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limited

case.

As

part

of

the

SRP

guidance,

we

specified that they should have a 40 percent margin.
In this case, they were very slightly over 40 percent.
So

this

one

of

the

ideal

choices

for

doing

confirmatory analysis.
There is another subcompartment where they
have I think a 41 percent margin.

I think that's in

the steam generator subcompartment.
So yes, to answer your question.
MEMBER CORRADINI:

And then, just to get

the particulars now, I've got to find it.

I saved it

somewhere.
When you do the 1.405 or the 1.43, where
are you computing that at the peak pressure or the
initial bump?

Because these typically have a shape or

they bump up, they come down, and they come back up.
MR.

TRAVIS:

Actually

for

the

subcompartment analyses, these curves are generated
over the course of about three seconds.

It's a very

sharp peak and then it comes back down and sort of
oscillates around a much lower value.

So the first

thing they show peak -MEMBER CORRADINI:
MR. TRAVIS:

In this case.

In the case that I looked at,
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yes.
MEMBER CORRADINI:
MR. TRAVIS:

So it's the first peak.

The first initial peak is

much larger than the others.
And I will point out a typo on this slide.
It should be design DP over calculated DP, rather
than calculated DP over design DP.
But yes, it is -- the initial peak, for
the calculation I looked at, it was much larger than
any subsequent peak.
MEMBER CORRADINI:
MR. TRAVIS:

Okay.

And before we move on to the

next slide, there was a question asked earlier about - I

asked

related

an
to

containment

RAI

about

6.2.1.2.
pressure

the

I'll
and

nodalization

note

that

for

temperature,

schemes
peak
it's

conservative to assume a single node because all of
the energy gets deposited in that node and there's
nowhere to store energy if it's elsewhere.

And so you

get a higher peak containment pressure and temperature
by using the single node.
In the subcompartment analyses you want to
nodalize them as finely as possible so that you can
make -- create the largest DP between nodes.

The
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reason

I

asked

the

question

is

because

our

SRP

specifies that they do a nodalization sensitivity
scheme.

They didn't.

And so part of the response, we

went back and looked at some other designs.

In

general, if you nodalize the subcompartment along
anywhere

where

there's

a

flow

restriction

or

a

reduction in area, you get a reasonable response that
isn't going to change much if you nodalize it any
further.

They did that and so we found that it was

acceptable.
MEMBER REMPE:

They did that?

I thought

from when I read this that they basically said that
the delta P wasn't very much.

I didn't realize they

had gone and looked at other designs.
MR. TRAVIS:
our review.

So, no, that was as part of

We looked at other -- we looked at what

we've accepted in the past.
MEMBER REMPE:
MR. TRAVIS:

Okay.
For theirs, they just took

the nodalization along anywhere there was a reduction
in area, which is the generally acceptable method for
doing a nodalization scheme for something like this.
MEMBER REMPE:

You weren't tempted to try

and -- I mean MELCOR could have more fine nodalization
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and even later on in some of the other calculations,
they used the same nodalization or they said they used
something very similar.

And why not try and do

something a little more fine than with your tools?
MR. TRAVIS:

I know MELCOR -- like the

case that I used in the pressurizer spray valve room,
because of the way MELCOR is like a lumped parameter
volume code, I'm not going to see a whole lot of
difference if I subnodalize mine.
For the containment, we actually do have
two models or we have a one node model and a multinode model.

For the purposes of peak pressure and

temperature,

the

multi-node

model

produces

lower

pressures and temperatures and so we don't talk about
those results in the safety evaluation because they're
not -MEMBER CORRADINI:
the case?

Do you know why that is

That doesn't make sense to me.
If I have a large open volume -MR. TRAVIS:

So part of the reason -- and

this is getting a little outside the scope of the
review.

Part

of

the

reason

is

that

the

subcompartments if there is dead-end volumes for water
to be stored in, you'll store massive energy outside
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of where -- outside of the greater volume.

And so it

won't participate in increasing the pressure in the
peak node.

But that's only part of it and I would

have to do substantially more analysis to give you a
full answer to that question.
MEMBER CORRADINI:

That's fine.

That

makes sense.
MR. TRAVIS:

So moving on to 6.2.1.5,

which is Minimum Calculating Containment Pressure,
this is an Appendix K requirement for the
phase.

reflood

They want to calculate or the goal is to

calculate the lowest possible containment pressure to
be used as the input for your ECCS calculations.
To

perform

their

applicant used CONTEMPT4.

calculation,

the

That's a fairly standard

code for the purposes of minimum containment pressure.
It's

been

used

multiple

times

in

operating

facilities.
As part of our review for this section, we
found

a

number

of

and energy release.

errors

in

the

table

for

mass

The values that it was producing

were I'll say non-physical.

So we asked an RAI.

As part of resolving this question, the
applicant updated their tables, their heat sink model
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and a number of other things and re-performed the
analysis for this.

The analysis that they redid

actually ended up with a slightly, I'll say a slightly
higher containment pressure than what they had in the
DCD

initially.

conservative

but

So

it

it

showing

reflects

I
--

will

say

it's

a

less

better

reflection of the actual values, rather than the
incorrect values that were in the DCD.
Because of the inconsistencies in the
table, I performed a confirmatory analysis on this
section.

The results of that are on the next slide.
MEMBER CORRADINI:

This was with the same

nodalization or just a big -MR. TRAVIS:
with MELCOR.

This one is just a big volume

Their CONTEMPT4 is similar.

It's not

like WGOTHIC in this case.
The MELCOR is in the green dashed line on
this slide.

The updated RAI response it says P DCD.

It is really what will be Rev. 1 of the DCD.

What's

currently there is in the blue dots.
A lower pressure is I will say the lower
you get the more conservative you are.

So the only --

for the purposes of this, we get very similar results
to them outside of that peak where we're within a
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couple of percent.

That has to do with just different

modeling choices, a different method of modeling the
containment spray system.

And I will note that this

MELCOR calculation is what I'll call Rev. 1 of our
MELCOR calc.

We've been going back and forth with the

applicant to update the heat sinks because there's
been some discrepancy.
of

our

reviewers

temperature.

And you'll hear from another

for

containment

pressure

and

And so that may account for some of the

other discrepancies in this curve.
MEMBER REMPE:

Maybe the other reviewer

will talk about it but there was an RAI going back and
forth about the volume selected.

And I understand the

applicant this morning, too, that people picked some
things, the values to be different because of trying
to be conservative.
MR. TRAVIS:

Okay.

MEMBER REMPE:

But has someone from the

staff tracked through all these different numbers for
volumes that have been cited and they are comfortable
that the correct ones have been used?
MR. TRAVIS:

Well for all of our Chapter 6

analyses we definitely collaborated on these.

I know

for a fact that the volume in 6.1.5 and the volume in
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6.2.1.1A

are

different

because

one

is

trying

to

minimize containment pressure and one is trying to
maximize containment pressure.

So as part of their

RAI responses, they provided us with what I'll call
the nominal expected containment volume, the minimum
containment

volume,

and

the

maximum

containment

volume.
And so we found that they appropriately
used the minimum containment volume for peak pressure
and the maximum volume for minimum pressure.

And so

we're comfortable with what's being done in Chapter 6.
I can't speak to whether -- you talked about the
MAAP.

I can't speak to anything with regards to the

MAAP code but we do collaborate with the PRA Branch on
the MELCOR models.
MEMBER REMPE:

That's good to hear.

Thank

you.
MR. TRAVIS:

You can go to the next slide.

So moving on to 6.2, which is Containment
Heat Removal Systems, this will cover spray, the IRWST
and long-term cooling or GSI-191, as it is commonly
referred to.
First of all to talk about the containment
spray system, as mentioned by the applicant, there's
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two 100 percent capacity cooling trains sourced from
the IRWST.
The nozzle orientation was discussed a
little earlier in the presentation.

They used I

believe there are four headers per train, so a total
of eight areas that have nozzles to spray.
nozzles

are

oriented

in

a

variety

of

These

different

orientations and in our review, they have to cover the
entirety of the containment area above the operating
deck.

They conservatively assume that no spray goes

below the operating deck.

There is an emergency

containment spray system below the operating deck
where they can spray below the operating deck that
they don't credit.
The

efficacy

of

the

spray

system

at

reducing the pressure is discussed as a totality with
the rest of 6.2.1.1.A.

So you'll hear more about

containment pressure response as part of that.
I will say that as part of this section we
asked an RAI on the spray droplet size spectrum.

They

did provide us with what -- I don't know if it's the
vendor spec or the expected specification for the
droplet size but it includes the droplet size regime
down from like 100 microns up to something like 590
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microns.

The average is expected to be a little under

400 microns, I believe.

In their containment spray

analysis, they assume 1,000 microns for the size of
the droplet.
droplet

size

So that's conservative to what the
spectrum

for

reducing

pressure

and

temperature.
As part of the section, there's a COL
information item.

I'll discuss it a little more in

the following slides.
So

also

as

part

of

this

section

we

reviewed the IWSS, which is the in-containment water
storage system.

That's the combination of the IRWST,

the HVT, and all the holdup volumes that participate
in this analysis.
As mentioned earlier, the HVT contains a
trash rack at the top or where the water comes into
the HVT there's a trash rack which is like a large
area screen, if you want to call it that, in vertical
screens there.
MEMBER CORRADINI:
MR. TRAVIS:

How tall is it?

The screen, I believe -- I'd

have to get back to you with exact numbers.

I don't

want to -MEMBER KIRCHNER:

Well this is a good
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point, maybe, to ask my question.
MR. TRAVIS:

Sure.

MEMBER KIRCHNER:

The schematic that KHNP

provided seems to indicate that the trash rack is at
elevation 107 and six inches and the containment floor
is at 100.
MR. TRAVIS:

I was going to say six feet.

I was going to say six feet is the number
that stuck in my head.
MEMBER KIRCHNER:
MR. TRAVIS:

Okay.

So either six or seven feet.

MEMBER KIRCHNER:
my next question, then.

Let me use this to ask

Have you looked at the

volumes of water that are in the IRWST, the HVT, and
what the trash rack could, assuming it's blocked
completely, how much water would they hold up?

And

would it hold up enough water to vapor lock the HVT
spillway?
I'm always concerned about -- I'll make an
observation or a comment.
MEMBER CORRADINI:

You're worried about

the same thing, yes.
MEMBER KIRCHNER:

I don't like designs

that have upside down use because they are prone to
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often not letting the water go where you want it to go
because of vapor lock or level problems and such.
So has someone done the mass balance to
look at do you have enough water to keep that HVT
intake covered?

It's at elevation 88.

I don't know

enough about the circumferential dimensions to do a
back of the envelope calculation to see if it would
get uncovered.
MR. TRAVIS:
points.

I will make a number of

Hopefully, some of them will answer your

question.
The IRWST is substantially larger than the
HVT.

The

IRWST

is

basically,

like

you

said,

circumferentially goes around the containment.

And

the HVT is a very small room on the inside that passes
the water out to the IRWST.
As part of this review, we did look at
what I call a holdup volume analysis where we look at
all the possible data and volumes and heights of water
that could exist in the containment.

The results of

that has the minimum water level in the IRWST that
then passes input for like the NPSH analyses.

We did

not assume that it was possible to fully block the
trash

rack

because

the

trash

rack

openings

are
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substantially larger than a strainer.
MEMBER CORRADINI:

So are we talking about

holes this big, holes this big, or holes that big?
MR. TRAVIS:

Closer to your first.

MEMBER CORRADINI:

So it's like a chain-

link fence.
MR. TRAVIS:
that.

Yes, functionally closer to

I could get you exact numbers on that, if I go

back to the technical report.
For reference, the strainer holes are a
little under a tenth of an inch and the HVT holes are
on the order of inches, rather than a little under a
tenth of an inch.
MEMBER CORRADINI:
MR. TRAVIS:

Okay.

So --

MEMBER KIRCHNER:

Is there a tech spec on

what the minimum level in the IRWST is?
MR. TRAVIS:

Yes, there is a tech spec on

that and that's what's assumed -- that's what's passed
in all the analyses that we look at.
MEMBER CORRADINI:

And you take that as

the NPSH -- you take that elevation to compute your
minimum.
MR. TRAVIS:

That's correct.

It's merely
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an input to the minimum NPSH calculation.
MEMBER

CORRADINI:

And

what's

that

variation from maximum to that allowable minimum?
MR. TRAVIS:

So I want to say feet in the

IRWST it is something like 15 or 18 feet of water in
the tank.

So on the order of -MEMBER KIRCHNER:

minus 73.

I can tell you.

It's 86

I'm using the center line of the suction

for the -- as
MR. TRAVIS:

Okay, yes, so the minimum

water level in the IRWST I believe is 4.75 feet.
That's the minimum of all the holdup calculated.

The

maximum water level -- I'd have to go get the exact
numbers from -MEMBER CORRADINI:

That's fine.

I was

just trying to -- since we are going to ask you
questions later on about what it is -MR. TRAVIS:

I understand.

MEMBER CORRADINI:

I'm trying to put in

that what if with this what if.
MR. TRAVIS:
seat.

I could start pulling up figures.
MR. MAKAR:

feet.

I have the report under my

The trash racks are seven
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MR. TRAVIS:
MR. MAKAR:

Seven feet tall, yes.
Seven feet tall.

And the

opening is one and a half inches.
MR. TRAVIS:
MEMBER

Yes, 1.5 inches.

KIRCHNER:

So

is

there

a

possibility to -- it's not a good term but I'll use it
-- vapor lock that connection between the HVT and the
IRWST?
Say you have a low level and the pumps
start, they draw the level down very quickly and you
sit there and cavitate.
MR. TRAVIS:

So the minimum water level in

the IRWST is below the U-bend in the HVT.
MEMBER KIRCHNER:
MR. TRAVIS:

Yes, I see that.

And so the HVT is not -- the

IRWST is not going to be drawing directly on the HVT,
if that makes sense, unless -MEMBER KIRCHNER:
MR. TRAVIS:

I understand that.

Okay.

MEMBER KIRCHNER:

But when it all comes

back, if it comes back -MR. TRAVIS:

The expectation -- I mean

based on the calculations we've done, the water -there are no locations the water should be able to go
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other than into the HVT and then flow through the
IRWST.

We did not look at the potential to vapor lock

that U-bend with debris as part of our -MEMBER KIRCHNER:
MR. TRAVIS:

Okay, thank you.

Where was I on this slide?

MEMBER CORRADINI:

So just so I understand

your answer to Walt, so your point is that there's
more than enough water, even at its minimum level, and
given the fact the HVT is so small and the fence has
got large enough holes that I would always be filling
the HVT and feeding under all conditions you thought
of.

You couldn't think of way in which the HVT would

be water-starved.
MR. TRAVIS:

That's correct, yes.

MEMBER CORRADINI:

How much -- then let me

ask you a different question.
If it was totally empty of water -- it
starts off empty.
MR. TRAVIS:

That's correct as well.

MEMBER CORRADINI:

Okay.

So is there any

hydraulic calculations that the applicant showed you
that made sure that they -- how much water do I need
to be above the U-bend to essentially fill and -MR. TRAVIS:

So the holdup calculation
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assumes that the U-bend at the what I'll call the
midpoint of the U-bend is where the dead volume in the
HVT is.
As part of -MEMBER
spillway.

CORRADINI:

So

it's

like

a

It's big enough this way that this thing

rises up and just kind of inches over.
MR. TRAVIS:
it is a spillway.

That's exactly right.

That's how I referred to it before.

MEMBER CORRADINI:
-- I'm sorry.

I mean

Okay.

And the benefit

I don't want to redesign it but I just

want to understand it.
MR. TRAVIS:

It's okay.

MEMBER CORRADINI:

The reason that they

turn it down is, again, for debris -- minimization of
any debris carryover versus just having a spillway.
MR. TRAVIS:

Well I mean I can't speak to

their reason for their design choice.
in

their

analysis

they

conservative debris level.

often

I'll say that

assume

a

more

They don't take credit for

any ability of that HVT or spillway to hold up debris.
All

of

the

debris

gets

to

the

IRWST

with

the

exception of pieces larger than 1.5 inches that are
blocked by the trash rack.
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MEMBER CORRADINI:

Thank you.

MEMBER KIRCHNER:

Thank you.

But not to belabor it,

is it when you did that, I'll call it a dynamic mass
balance to look at holdup, is it possible for the
pumps to start cavitating and not recover?
MR. TRAVIS:

So --

MEMBER KIRCHNER:

Because just assume that

the IRWST is at the minimum level.

I don't know how

many minutes it would take for the recirculation of
everything that's been sprayed and/or injected to find
its way back to the HVT, assuming minimal holdup by
the trash rack.

But could you just suck the IRWST

level down such that you get a fairly low net positive
suction head and sit there and cavitate?
MR. TRAVIS:

So not but -- I'll say no but

I'll answer your question with some time line related
pieces.
So the holdup analysis that we did assumes
all the limiting cases that exist at peak containment
pressure.

By the time you get to the point where

you've pulled the level of the IRWST down to where
you're worried about or it's at or near its minimum
level,

a

lot

of

the

--

like

so

condensation

on

surfaces, vapor that's in the containment atmosphere,

163

all of that, the pressure and temperature of the
containment have come down somewhat.

And so the

actual level in the IRWST is going to be higher than
that minimum level at the time that you reach where
you're going to be pulling that suction on the IRWST
level.
MEMBER CORRADINI:

So let me take one more

swing at it just so I'm sure.
I thought you were going to -- because I - the HVT is like this and the IRWST is like a donut.
MR. TRAVIS:

quickly

by

Yes.

MEMBER CORRADINI:

So this guy fills very

any

any

return

from

sort

of

loss

of

inventory.
MR. TRAVIS:

Yes, once you've started the

return process, which does take a few minutes but it's
not such that you're draining the entirety -- okay.
Sorry.
MEMBER CORRADINI:

He's looking at -- what

I thought Walt's after is the delay between the time
things start coming apart and they find their way to
the HVT and how much the water level falls so that you
don't starve the pumps in that time period.
MR. TRAVIS:

Sorry I didn't get to that
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immediately, then.

Yes.

I guess I'll say we didn't do an explicit
analysis for all these timings but the orders of
magnitude for the times are such that it wasn't a big
concern with regards to filling those volumes up.
MEMBER KIRCHNER:
MEMBER SKILLMAN:

Thank you.
Just to add to this,

what I see on your design control document is that the
operating water volume in the IRWST is 86 -- 87,000
cubic feet.
MR. TRAVIS:

That sounds about right, yes.

MEMBER SKILLMAN:

And the volume of the

holdup tank is 7,500 cubic feet -MR. TRAVIS:

Right.

MEMBER SKILLMAN:
MR. TRAVIS:
volume.

-- one-tenth.

And so that's the total

I mean yes, the total volume of the hold

tank.
I will say and I have to go back and get
exact numbers again with regards to the dead end
volume of the holdup tank is something like half of
that.

And so -MEMBER SKILLMAN:

My point is if you

inject even a fraction of the higher WST you have to
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be cascading into the -MR. TRAVIS:
MEMBER

Well so it --

SKILLMAN:

--

to

answer

Dr.

Kirchner's question.
MR. TRAVIS:

Yes, in the LOCA case, I

guess I'll say in the LOCA case you pressurize -- a
lot of the water actually pressurizes containment,
sits on surfaces.

So maybe you drain 20 percent out

of the IRWST just before you start to get that return
but it's nowhere close to.
Okay so as we talked about earlier, the
IRWST is sealed.

It has swing panels to accommodate

pressure differences both internally and externally.
The strainer or the POSRVs for the pressurizer are
submersed in the IRWST rather than being like a
reactor coolant drain tank in some designs.

So you

return that water immediately.
And we have looked at the dynamic effects
due to pressurization.

The use a very similar method

to BWR suppression pool and it's been approved by the
staff.
And then, obviously, the IRWST is key in
long-term cooling and we're going to talk about that
more in the next few slides.

So go to the next slide,
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please.
Okay, so with regards to GSI-191 items,
the

break

selection

straightforward.

for

this

design

is

fairly

Because they assume only latent

fiber, the limiting break is effectively what break
can generate the most coating and RMI debris resulting
from a break.

So where is the largest concentration

of those debris sources?

It turns out that's in the

steam generator room, usually.
We looked at the design drawings and where
their pipes could possibly rupture and found that they
did their analysis in accordance with NEI 04-07.
The

steam generator room near where the

hot leg enters the steam generator I believe is
generally the limiting case for RMI and coatings.
ZOI was performed and consistent with the
NEI 04-07.

They looked at material-specific ZOIs for

RMI, epoxy coatings, and inorganic zinc.
We asked an RAI based on some experience
with other plants about other sources of fibrous
debris that could be generated as a result of a break,
not latent fiber, such as cables.

We found that some

plants use -- have used fibrous insulation in their
cables.

The applicant responded that as part of their

167

foreign materials exclusion program, no cables or
other sources of fiber are allowed to be located
within the containment.

And so that satisfied our

concern.
Debris characteristics related to GSI-191,
the RMI is assumed standard 25 percent small, smaller
pieces, 75 percent larger chunk pieces, consistent
with the NEI 04-07.
The assume 100 square feet of strainer
area

is

sacrificed

due

to

various

materials

in

containment like labeling, tags, tape, things that
would get to the strainer and cover the holes.

That

assumption is consistent with other designs we've seen
in the past.

They're on the same order of other

designs we've seen in the past.
MEMBER CORRADINI:
what?

That's the same as

I'm sorry.
MR. TRAVIS:

Other designs we've seen in

the past, on the order of 100 feet.
MEMBER CORRADINI:
MR. TRAVIS:

But that's a judgment.

That's correct.

It is an

engineering judgment.
MEMBER

CORRADINI:

sticking with historic judgment.

So

they're

just
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MR. TRAVIS:

So yes.

The reason for that

-MEMBER CORRADINI:

That's fine.

I just

Yes, it's judgment.

And as

wanted to understand the basis.
MR. TRAVIS:

part of other conservatisms we'll see later on, it's
assumed that all of that is located on a single
strainer and the other strainer is assumed to be not
pulling anything.

So I mean it's substantial -- it

would be substantial -- I believe it's substantially
conservative,

once

you

consider

all

the

other

assumptions that it made in terms of looking at the
strainer.
MEMBER CORRADINI:

But the reason I'm

asking that is eventually you're going to get to a K
loss

or

a

head

loss

that

then

figures

into

the

eventual calculation, which we have seen the result
of.
MR. TRAVIS:

That's correct.

MEMBER CORRADINI:

And this essentially

affects a large part of that head loss.
MR. TRAVIS:

Yes.

Yes, I mean you've cut

off a sixth or something of the strainer area.
The only fiber input for the plant is
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latent fiber.

They use a value of 15 pounds mass and

that will be controlled by a containment cleanliness
program.

That acceptance criteria was added as a

result of an RAI.
The NEI 04-07 standard is 30 pounds mass.
So, we, after some deliberation, have given the
acceptance criteria in the containment cleanliness
program to operate with more than 15 pounds mass and
the containment would be outside the design basis.

So

we found that acceptable.
Move on to the next slide.
So transport for this plant, again, these
are

fairly

straightforward

relatively easy to confirm.
containment floor.

assumptions

that

are

All debris reaches the

None is held up.

All non-RMI debris gets to the IRWST and,
therefore to the strainer.
Large RMI, larger than the inch and a half
for the trash rack doesn't get to the HVT.

All

smaller RMI is assumed to settle out on the floor of
the HVT or the IRWST.
In the context of the design, we found
these acceptable.

So the one assumption they are

making that is not immediately obviously conservative
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is that they assume that the RMI settles out.
Based on the settling velocity, the design
of the strainer and the likelihood that there's going
to be some settling of RMI leading up to that, we
found that acceptable.
MEMBER CORRADINI:
had

it

but

something.

I

know

what

So let me make sure.

page

it's

on,

800

I

and

The location of the strainer looking on a

top view compared to the HVT is not one-to-one.
off by 90 degrees.

It's

Am I remembering correctly?

MR. TRAVIS:

So the HVT -- so I believe

the strainer, the four strainers are located -MEMBER CORRADINI:

They're like 60 degrees

away from the -MR. TRAVIS:

That sounds about right, yes,

I couldn't give you -MEMBER CORRADINI:

At 180 degrees, they're

equidistant.
MR. TRAVIS:

Yes.

MEMBER CORRADINI:

The two are equidistant

from either side.
MR. TRAVIS:

That's correct.

MEMBER CORRADINI:

So it's the longest

possible distance when I would -- if I were to equally
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space the two strainers.

So I have got to come out of

the HVT, feed the IRWST and the junk has got to make
its way 60 degrees around the bend.
MR. TRAVIS:

That's correct.

MEMBER CORRADINI:
MR. TRAVIS:

Okay.

And the expectation is that I

mean also the strainer -- I mean there is space
between the bottom of the strainer and the floor.

So,

there's room for -MEMBER CORRADINI:
MR. TRAVIS:

It's sitting up.

Yes, it's not like it's going

to build up like a mountain on its way up to the
strainer.
So upstream effects, the staff reviewed -and this includes the holdup analyses I spoke about
earlier.
analyses.

We

reviewed

and

audited

their

holdup

There were some, as was mentioned earlier,

there have been some inconsistent numbers between
technical
analyses.

reports,
We

places

asked

RAIs

in

the

to

make

DCD

and

sure

their

that

we

understood the correct minimum value corresponding
with their analyses that we audited for.

And that

minimum water level is 4.75 feet above the IRWST
floor.
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In-vessel will be discussed later on as
part of Chapter 15, assuming that's okay with you
guys.
So getting into strainer head loss, the
head loss is based on full debris transport to the
strainer.
fiber.

In practice, this is limited by the latent

There is more than enough chemicals to form a

particulate or a mess with the fiber and so the fiber
is the limiting term here.

Once you have accounted

for the reduction area due to tags and what not.
MEMBER CORRADINI:

In theory, I understand

what you just said but for the newer members and maybe
for the older that can't remember, can you re-educate
us, please?
MR. MAKAR:

Chemical effects refers to the

possibility of precipitation of compounds that would
have a say gelatinous or very viscous properties that
would in and of themselves just move through the
solution but when they reach a fibrous bed and one has
a combination of fibers and particulates, especially,
it's very good at filling in those gaps and only a
little bit of that precipitate is required to cause
high head losses.
So if you don't have fiber, if you can't
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form a fiber on the screen, you don't really have to
worry about the chemical precipitous until they get
into the fuel.

But if you do have a fibrous bed, then

it won't take much chemical precipitate to cause high
head loss.
MEMBER CORRADINI:

And that, just so we

connect the dots, that is assumed and then leads to
100 square foot assumed as the blockage.
MR. TRAVIS:

Right.

I mean so as part of

-- the basis for this was testing that they did.
witnessed some of that testing.

I

The assumptions that

lead into the analyses are that a single strainer is
where all the suction -- so all the fiber has gone to
a single strainer and the all the suction is going
through that single strainer.

So the head loss is

based on the test head loss values for fiber and
particulate that form on the strainer and effectively
cause

that

interruption

or

not

interruption

but

resistance to flow.
MEMBER CORRADINI:
I've got four strainers.

And so let me ask this.
The four strainers are

interconnected or am I feeding four different -MR. TRAVIS:

So --

MEMBER CORRADINI:

I'm asking the question
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about is it worse to block one strainer at 100 square
feet or four strainers at 25 square feet.
I'm

trying

to

understand

the

minimum

blockage, the maximum effect on head loss with the
minimum amount of blockage.
MR. TRAVIS:

So I guess for the purposes

of -MEMBER CORRADINI:

Do you know what I'm

MR. TRAVIS:

Yes, I understand.

asking?
Yes.

So for the purposes of what we're looking
at is if -- I'm going to use some example numbers that
may or may not be exactly right.

I believe each

strainer has 600 square feet of area to allow flow
through.

So they are effectively saying well, all of

the debris is going to be located on 500 square feet
of strainer area because only that one strainer is
going to be pulling, rather than what you're saying if
all of the strainers participated, you'd have debris
spread around 2,300 feet of strainer area.

And so

less area allows for a larger fiber bed or a larger
thickness of fiber and particulate, which creates a
higher head loss.
MEMBER CORRADINI:

Say that last part
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again, please.

I'm sorry.

MR. TRAVIS:

So less strainer area is

assumed to participate because the more strainer area
you allow to participate -- so the amount of fiber
builds up a larger thickness on a smaller area.
a volume problem effectively.

It's

If there's a certain

amount of volume and fiber available, you want to
concentrate on as little strainer area as possible.
It results in the most conservative numbers.
MEMBER CORRADINI:

Okay, so can I say it

back to you?
MR. TRAVIS:

Sure.

MEMBER CORRADINI:

So I have four.

If I

put all the junk on one, that's the worst case.
MR. TRAVIS:

If you put all the junk on

one and all the -- you're making the assumption that
all of your flow is going through that strainer.
MEMBER CORRADINI:
MR. TRAVIS:

To that strainer.

Yes, that's correct.

MEMBER CORRADINI:

But is that part of the

assumption that I thought -- I thought all four
participated and equally fed the SI pumps and the
containment spray pumps.
MR. TRAVIS:

For the purposes of the
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analyses, they assume a single strainer is doing the MEMBER

CORRADINI:

Oh.

So,

they're

assuming one train, feeding through one strainer.

The

other three are inoperative.
MR.

TRAVIS:

And

so

if

I

remember

correctly, there is a single strainer for -- so a
single strainer for each of two containment spray
pumps and those two each also have an SI pump on that
train of strainer.
And so for the purposes of spray, you have
to assume that because you lost a train, your single
failure was you lost the EDG.
doesn't participate.

One train of spray

You only have one train, one

strainer.
MEMBER

CORRADINI:

And

everything

accumulates on that strainer.
MR. TRAVIS:

That's correct.

MEMBER CORRADINI:
MR. TRAVIS:

Okay.

And so getting to NPSH, the

applicant followed the guidance we've provided in our
-- that was discussed in SECY-11-0014.

It includes

adding a margin of uncertainty to the ECCS pumps.
They conservatively calculate the static
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and friction head losses for the strainer and those
two terms are tested as part of ITAAC or will be part
of an ITAAC that will be performed.
As the applicant discussed, that NPSH
available includes credit for containment pressure up
to the vapor pressure of the IRWST fluid.
To answer your question, Member Stetkar,
from earlier, if the containment is at atmospheric
pressure and the IRWST is at 212, they have the margin
that they specified on this slide in the previous.
MEMBER STETKAR:
MR. TRAVIS:

Thank you.

And so that margin is three

feet of water for the containment spray system and
1.73 feet of water for the SI system.
And so that collection of conservatisms
that has gone into calculating it is the reason the
staff -- all the design basis values is the reason the
staff finds the number acceptable.
MEMBER CORRADINI:

So let me ask you the

question that maybe you don't want to answer.

Say you

haven't thought about it or you don't -So I'm curious more about -- so maybe
you're

just

going

to

tell

me

to

wait

for

a

subcommittee meeting that we're going to have in April
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about this, about more realistic calculations and the
sort.

Is staff doing what I would consider to be best

estimate calculation of this where I don't plug all
one strainer, I actually have a reasonable -- or not
for this applicant but we will call it generically a
reasonable water source and I start thinking about
that I have a leaky containment such that it's not
exactly the h-atmosphere minus h-vapor but there is a
differential there.
physical

effects

analysis.

And what we would get by various
that

would

create

a

transient

Has staff given up on trying to do that?
MR. TRAVIS:

That's a difficult question

to answer.

I'll say we've done a little of it

internally.

We haven't committed or fully gone to the

full -- I think we haven't gone to the full extent to
what you are talking about.

We have looked at some of

the values individually.
For the purposes of -MEMBER CORRADINI:

Well for this, I know

you have taken the -MR. TRAVIS:

It's a design basis analysis

that we're looking at, of course.
MEMBER
understand.

CORRADINI:

But

I'm

I'm not asking the applicant.

trying

to

I'm more
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asking staff, in this case.

I'm trying to understand

where the -- I think I know where the margin is but
there's so many things layered on top of so many
things I have a hard time sometimes unwrapping where
the stuff is.
MR. TRAVIS:

So I've prepared a backup

slide to show you one element of the conservative that
I can discuss a little.
There
conservatisms.
generic PWR.

are

a

whole

host

of

other

So this is what I'll call just a
It's not --

MEMBER CORRADINI:
MR. TRAVIS:

Nicely put.

It's not APR1400.

I'll say

that.
MEMBER CORRADINI:
MR. TRAVIS:

Good.

Even better.

If you just add -- so in a

normal NPSH analysis, you don't assume holdup in the
MELCOR or your WCAP or whatever calculation you do
because

it's

not

conservative

with

respect

to

pressure.
I think it is something we all agree is a
physical phenomenon that happens.

Water holds up in

various dead end volumes in the containment.

Once you

account for that, the storage of that energy reduces
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the NPSH by the amount shown on the slide.
that's just one element of conservatism.

And so

There are a

number of others.
MEMBER CORRADINI:

So say that -- just do

that one slowly for me, at least.
MR. TRAVIS:

Sure.

So the red graph here

is a single node containment, maximum conservative
mass and energy release, the red graph is the sump
temperature of what exists in the -- during the
accident.
MEMBER CORRADINI:

So everything that gets

pumped into containment and really makes its way to
the -MR. TRAVIS:

Yes, effectively, immediately

goes to the sump.
MEMBER CORRADINI:
MR. TRAVIS:
is 212 degrees.

Okay.

And so the blue dashed line

And so anything above that line is

what you all consider CAP.
Once you put the holdup volumes in to the
analyses, so all you do is you add in six, or seven,
or eight -- I don't remember the exact number for this
analysis, data and volume that hold water up before it
can return to the sump, that's all they did.

No
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change

in

energy

containment volume.

release.

No

change

in

total

Then the sump temperature reduces

to the black line because there's energy being stored
that isn't in the sump that doesn't effectively fully
participate.

And you can see that as the transient

goes on, the two curves superimposed over each other
because everything started to equilibrate basically.
And so this is just an example of one
conservative element that takes place.
you

take

into

account

there

could

I mean once
be

multiple

transient spray operating, the -MEMBER CORRADINI:

And with the other

slides, you've anticipated this.
MR. TRAVIS:

Yes.

I didn't know exactly

to what extent we were going to discuss this.
MEMBER STETKAR:
MEMBER CORRADINI:

How difficult is that?

MR. TRAVIS:

I appreciate hearing that.

MEMBER CORRADINI:
MR. TRAVIS:

The staff is good.

Thank you.

That helps.

And so I think there's one

more.
We were advised that you guys or someone
from the ACRS wanted to discuss the ability of the
shutdown cooling system to meet a containment spray
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pump functionality.
1 of the DCD.

And so this is a figure from Tier

As part of tech specs, they had the

ability to align a shutdown cooling pump to perform a
containment spray pump, the function of a containment
spray pump.

The SCPs start on a containment spray

actuation signal and they can take the suction path
shown in red to draw in the IRWST and then inject
downstream of the containment spray pumps but upstream
of the headers to perform the containment spray pump.
MEMBER CORRADINI:

And are they on a

different train such that what we were talking about MR. TRAVIS:

That I would have to look.

I'm not sure off the top of my head what -MEMBER STETKAR:

Are you trying to address

the question that I had about a suction valve for the
containment spray pump?
MR. TRAVIS:

Yes.

MEMBER STETKAR:

Okay.

Where on this line

is the suction valve for the containment spray?
Let me rephrase my question from weeks
ago.

If remove a containment spray pump from service

in a way that the pump is physically removed from the
pipe, that's the easiest way to think of this, I take
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it away so that the pipe looks like the end of an open
pipe.

If I do that, how can I use the associated

shutdown cooling pump for anything from the IRWST?
MR.

TRAVIS:

So

this

slide

has,

the

shutdown cooling pump takes a suction on the IRWST
unconnected to the containment spray line.
MEMBER STETKAR:

I'm sorry.

It's the same

suction header, isn't it?
If

anybody

would

ever

put

the

entire

drawing on a single piece of paper that shows the
containment spray pump and the shutdown cooling pump
suction lines, all the way from the IRWST to the pump,
I could better illustrate my question.
ever show me that.

Nobody will

I always have to go to two

different drawings.
MR. TRAVIS:

I'll have to get back to you

then outside.
MEMBER STETKAR:
just

look

at

all

of

your

Yes, because every -drawings

and

think

of

removing the thing called the containment spray pump
away such that the piece of piping that is connected
to the suction for that pump is open to the room that
the pump lives in and then tell me how you can get
water to the suction of the shutdown cooling pump from
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the

IRWST

without

draining

the

IRWST

into

the

containment spray pump room or sucking air through the
shutdown cooling pump.
MR. TRAVIS:
your question.

Understood.

I understand

I may or may not be able to answer it

with the drawings I have access to.
MEMBER STETKAR:

Yes, that's the whole --

MEMBER CORRADINI:
at a non-functional pump.

You're looking at almost

like a loss of pump accident.
MEMBER STETKAR:

But you're not looking

It falls off the pipe.
No, I'm sorry.

I have

seen many pumps in my life have problems where they
take the pump out of service and they have to open the
physical pump itself.

I have seen this in my life.

People occasionally have to do this.

More often, they

have problems with the motors, things like this but
occasionally, they have problems with the pump.
When you have problems with the pump and
you must open the pump to work on it, that is an open
hole.

You have to make sure that water is not pouring

out of the hole, drowning the guys who are trying to
work on the pump.

So, therefore, you have to make

sure you have all sources of water shut off to the
pump and you have to make sure that when an automatic
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signal occurs, the people who are working on the pump
don't get drown by the water because it opens it out.
MEMBER CORRADINI:

But then to reframe

your question, you want to make sure the isolation
valves are such that they can branch around it without
-MEMBER STETKAR:

I want -- it's why God

invented manual valves on the suction lines of pumps
and I can't on any drawing find a manual valve on the
suction line of the spray pump.

If this were a

complete drawing, you would see a manual valve on the
suction line of the shutdown cooling pump that can
achieve the function that I was just talking about.

I

can't find one on the suction line of the spray pump.
And believe me, I've tried to make water work.

I'm

not trying to make this stuff up.
There's two different ways I can get water
to the suction of the shutdown cooling pump from the
IRWST.

The one that in the DCD they indicate as an

interlock and there's a different way that you can get
but, either way, if I open up those lines, I pour
water into the containment spray pump room, if the
pump

is

physically

environment.

not

there

or

open

to

the
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That's the genesis of my whole question.
MR. TRAVIS:

Unfortunately, generally I

have access to the same drawings you do.

So I'd have

to get a more detailed drawing in order to answer that
question.

So I'll take that and try to address that.
MEMBER STETKAR:

If somebody can show me

that valve -MEMBER CORRADINI:

Is that more a question

for the applicant?
MEMBER

STETKAR:

Well,

I

asked

the

applicant and they tried to explain to me that you
could get water there but I'm not, for some reason,
registering with them that it's not an issue that the
pump is out of service because its physical piping is
intact and simply the circuit breaker is open.

It's

if I must do mechanical maintenance on the pump
itself, the impeller.

Yes, I don't know how it's put

together.
MR.
generally

TRAVIS:

outside

of

the

I'll

be

confines

nice.
of

what

That's
we're

reviewing in terms of -MEMBER STETKAR:
MEMBER CORRADINI:
show us the drawings.

Okay.
You were kind enough to
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MR. TRAVIS:

And Greg will address the

rest of GSI-191.
MEMBER POWERS:

Are you concluding your

presentation?
MR. TRAVIS:

That's correct, yes.

MEMBER POWERS:

I'd like to refer you back

to 25 but you don't need to show the slide because
there's nothing on it that's helpful.
In the course of your discussion of slide
25, you indicated that the applicant had provided you
with a droplet size distribution and it ran from 100
microns up to 590 microns.
MR. TRAVIS:
correct numbers.

Those may or may not be the

I can provide you with the ML number

for the RAI response.
MEMBER POWERS:

Well, the question is it

sounds to me like a number distribution.

But when you

do the calculation for heat transfer you implicitly
use a mass-weighted size distribution.

And based on

the numbers you gave me -- well, you indicated they
used 1,000 microns in the calculation.
MR. TRAVIS:

That's correct.

That I can

confirm.
MEMBER POWERS:

And based on what you gave
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me, which I made an estimate and I came up and said
no, it should be about 1200 microns.
I'm
uncertainties

not

and

sure

the

there's

limited

a

--

given

information

I

there's a great deal of difference between them.

the
had,
My

point is it is not evident to me that there's a great
deal of conservatism based on their analyses.
MR. TRAVIS:

So I guess I was speaking

merely to the droplet size with respect to the heat
removal ability of the droplets.
MEMBER STETKAR:

That's right but that's

still what you use, that you use in case of it because
you're

taking

the

volumetric

turning that into droplets.

feed

in

and

you're

And so you're implicitly

using a mass-weighted or volume-weighted distribution
there to do that.
MR. TRAVIS:

That's correct, yes.

MEMBER POWERS:

So it's not evident to me

that all of that is conservative there.
MR.

TRAVIS:

Okay.

I

mean

that's

something that I will have to go back and take a look
at

myself.

I

know,

in

general

we've

taken

the

position in the past that if all of the droplets are
of smaller size than whatever they chose to their
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analyses and that larger sized droplet can fully
participate in heat transfer.
MEMBER POWERS:

So that hinges on the

belief that this member distribution is, in fact,
finite and, I assume, log normal.
MR.

TRAVIS:

Right

and

that

part

I

understand.
MEMBER POWERS:

The trouble is on a number

basis, there aren't very many big droplets but they
are close to mass.
MR. TRAVIS:

That part I understand, yes.

MEMBER CORRADINI:
(DCD

P)6.2-10,

microns

from

Reference 3.So

a
the

Sauter

mean

nozzle

that's

So just for clarity, on
diameter

of

specifications

what

1,000

is,

it

a

1,000

is

used.

is

the

appropriate Sauter mean diameter, the correct volume
to surface area.
MEMBER POWERS:

The question is what does

the distribution really look like because -MR. TRAVIS:

As part of the RAI response,

they did provide a log normal distribution and I can
provide you with the ML number for that.
MEMBER POWERS:

Yes, that would be most

interesting because it's fairly glib to say that these
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are log normal distributions when they've actually
been measured.

I've never seen one that is.

And when

you do the number distributions, you get these little
tiny -- but that's because they don't see the five
great big ones that make up most of the mass.
MR. TRAVIS:

I guess one thing I will say,

I believe -- so based on the amount of time it takes
for that droplet to participate in heat transfer, they
still had a substantial amount of margin, even with
the 1,000 micron droplet because of the height from
the lowest spare ring to the top of the pressurizer.
But I will get that ML number for you.
MEMBER POWERS:

I mean the other thing you

have to remember is as this droplet is coming down,
it's sweeping out the little ones and it's growing
bigger, and bigger, and bigger, all the way down.
MR. TRAVIS:

I'll say in some codes it may

or may not perform -MEMBER POWERS:
MR. TRAVIS:

-- it's not.

Yes, and so that I think is

part of the problem.
MEMBER POWERS:

My essential point is it's

not evident to me -MR. TRAVIS:

Okay.
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MEMBER

POWERS:

--

that

there's

an

enormous amount of conservatism in this calculation.
It sounds like a fairly typical and not unreasonable
calculation but there's not great conservatism located
there.
I mean it's not apparent there's a great
deal of conservatism located there.
MR. TRAVIS:

I understand and we'll follow

up with you some on that.

Thanks, Dr. Powers.

MEMBER POWERS:

But I'd love to see the

distribution anyway, just to see if it's -MR. TRAVIS:

I can provide that to you no

problem.
MEMBER STETKAR:

And Boyce, when you go

back, the only drawings I have are what's in the DCD
and my question about this valve stuff is Figure
6.3.2-1 and Figure 6.2.2-1 are the two that I'm
working with.
MR. TRAVIS:
some figures in Tier 1.

Right and so there are also
For the shutdown cooling, the

Tier 1 figure is better than the one in Tier 2, if
that makes sense, just for reference.

It may or may

not -MEMBER STETKAR:

I will look at Tier 1.
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MR. TRAVIS:

Okay.

MEMBER STETKAR:

mine.

Thank you.

MR. MAKAR:

So I apologize.

MR. TRAVIS:

I'm sorry.

I think --

No, I'm done with

It's someone else's now.
So with regards to the strainer structural

integrity, the staff looked at the strainer from a
stress analysis perspective, assumed a conservative
maximum loading for both fiber and particulate on the
strainer and the strainer met the associated -- the
criteria associated with the Reg Guide, the ASME Code
and the remaining code requirements on the slide.
There's a single confirmatory evidence section and no
open items.
And then for excess or downstream effects,
the staff looked at the Reg Guide 1.82 conformance and
the WCAP that's associated with GSI-191.

As part of

that, the staff looked at the components, both the SI
and

CS

pumps,

containment

the

spray

valves

heat

in

each

exchanger,

all

train,
the

the

piping

instrument lines, the orifices which have a minimum
hole

size

of

eight-tenths

of

an

inch

and

the

containment spray nozzles which have a minimum hole
diameter of 22 100ths of an inch.
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Mission time associated with post-LOCA for
the ECCS is required to operate using post-LOCA fluid
is 30 days and so that is what the staff considered.
Staff used the insights associated from
the WCAP-6406, which is evaluation of downstream sump
debris effects in support of GSI-191.

And then the

staff found it acceptable in safety evaluation from
2007.
As part of this analysis, so irrespective
of the NPSH, for this analysis we consider that 100
percent of latent debris bypasses the strainers and
100 percent of both the latent fiber and the latent
particular and 100 percent of the coatings bypass the
strainers.

And so that is what was considered in the

downstream analysis.
The pumps, including the mechanical seals
are qualified per ASME QME-1-2007 to operate with the
post-LOCA fluids for 30 days and all of the associated
SSEs in the piping, such as the heat exchangers,
valves, the piping, the nozzles, are designed to
operate for 30 days using the post-LOCA fluid and are
evaluated for wear, blockage, and fouling using the
same methodologies described by the staff and accepted
in the safety evaluation for that WCAP.

194

There is a single open item associated
with this section.
settle

in

some

of

Latent particular debris may
the

sections of the piping.

large

diameter,

low

flow

The applicant is still in the

process of evaluating that.
MEMBER SKILLMAN:
question, please.

Boyce, let me ask a

I'm in your safety evaluation.

is your page 6-96.

It

And this is the text that I'm

referring to in my question.
The

IRWST

strainer

hole

size

is

2.38

millimeters, 0.094 inch, therefore, on the gap of the
component is 2.38 millimeters plus 0.238.

It looks

like ten percent or less of this value, the flow path
may be blocked.
Why was the choice of ten percent provided
in that statement?
MR. TRAVIS:

I'm going to defer that to

the reviewer who wrote that portion of the safety
evaluation.

He's coming up to the microphone.
MR. STRNISHA:

James Strnisha, I'm the

reviewer.
That is the approved methodology in the
WCAP so we went along with that same criteria.
MEMBER SKILLMAN:

Okay.

It sounds like
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someone winged it at ten percent.
statement.

I'm just making the

That's what that appears to me.
Well, I will accept that.

Thank you for

the explanation.
Thank you.
MEMBER STETKAR:
MR. TRAVIS:

Can I come back to Boyce?

Sure.

MEMBER STETKAR:

When you do that -- I

hate to -- I didn't know we were going to talk about
these suction valves.
you

had

with

the

So go back to your drawing that

red

thing

there

in

the

backup

drawing.
Where I started on all of this was a
statement in the DCD that says open/closed position
indication is provided in the main control room and
the remote shutdown room for SCS-CSS pump suction
cross-connect valves SI-340 and SI-342 and is provided
in the MCR for SCS-CSS pump discharge cross-connect
valves SI-341 and SI-343.
During the subcommittee meeting on Chapter
5 I asked KHNP how does a shutdown cooling pump know
that it needs to start automatically for containment
spray.

In other words, how does that pump know that

it's being used as a surrogate.

And they told me
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there are interlocks on those two valve positions that
I just mentioned, 342, in particular, on the suction
side, such that when that valve is open the shutdown
cooling

pump

knows

that

containment spray pump.

it's

supposed

to

be

a

Shutdown cooling pump valve

342 is not the red flow path that you've shown.

It's

the other one.
MR. TRAVIS:

And so --

MEMBER STETKAR:
the

red

pump,

through

the

I can get water through
red

flow

path

to

the

shutdown cooling pump but if it doesn't know it's
supposed to be a containment spray pump, 342 being
closed, this other flow path is through a normally
closed valve that, as best as I can tell, doesn't get
an open signal.

The shutdown cooling pump will

cavitate.
MR. TRAVIS:

And so the part about the

valves being normally closed and opened is absolutely
correct.

I will say that this, as part of tech specs,

there is a statement that says a shutdown cooling pump
-- so they have to manually align a flow path and that
flow path is proceduralized.
And so I -MEMBER STETKAR:

Can a -- well, what I
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don't know -- this is -- I'm trying to understand how
the system is designed to work in kind of licensing
space because as I read through the DCD, I'm led to
believe

that

I

remove

a

containment

spray

pump,

physically remove it let's say, that the shutdown
cooling pump is then available automatically for a
spray.

That's what I thought we were told and what I

thought -- that is what I was led to believe.
MR. TRAVIS:
as exactly correct.

I would not characterize that

So as part of tech specs, they

have to have two trains of spray available.

And they

can take credit for a shutdown cooling pump taking the
place of a spray train if they do a manual alignment
before that -MEMBER STETKAR:
on with that.

Okay.

But let's just go

Is the manual alignment opening --

let's take the drawing here.

I'm trying to understand

how the darn things works.

Is the manual alignment

opening valve SI-342 on this drawing?

That has to be

a yes or no.
MR. TRAVIS:

That I'd have to defer to the

applicant.
MEMBER STETKAR:

Okay.

What I was told by

them is the answer to that is yes, I open that valve
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342 and when that valve is in the open position, the
controls for that shutdown coolant pump will then know
that that pump is supposed to be a spray pump.

So,

therefore, when I get a spray signal, bang, that
circuit breaker closes and that pump starts as a spray
pump.

So yes, they may have to open that 342 valve.

But if that's the valve that they have to open, then
is when I get into the problem of dumping water into
the spray pump line, which is the dotted line going
upward on this drawing.
I can, indeed, get water through the red
suction path that you've shown with 342 closed.

But

if 342 is closed, then my state of knowledge is that
the spray pump -- I'm sorry -- the shutdown cooling
pump

then

does

not

know

it's

supposed

to

start

automatically.
MR. TRAVIS:

And so my understanding of

the system is based off of this -- or this is the Tier
1 information that said the shutdown cooling pump
starts on a containment spray actuation signal and
runs in mini-flow until -- that was my understanding
of the system.

I would have to follow-up with you for

more information on that.
MEMBER STETKAR:

Okay.

So I just want to
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be clear because if the interlocks are actually on the
other valve, the valve in the flow path that you've
shown as red -MEMBER CORRADINI:
MEMBER STETKAR:

341 and 342.
-- which is valve 346.

MEMBER CORRADINI:

That isn't what it

shows.
MR. TRAVIS:

I have it as 341 and 343 but

that's fine.
MEMBER STETKAR:

Okay, let me go back

because I want to be really clear.
In the DCD, the DCD identifies valves 340
on this drawing -- 340 and 341 as the suction and
discharge valves or 342 and 343 for the other train.
So just think 340 and 341.

Those are the cross-

connect valves.
So there is no dispute that the discharge
from the shutdown cooling pump to the spray header
goes through 341.

It's all on the suction side that

I'm talking about.
MR. TRAVIS:

Right, I understand that.

MEMBER STETKAR:

Okay.

And the other

valve to get the red, if indeed the interlock -- that
other valve number is 346.

You don't show it.

It's
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below that check valve 160 on this drawing.
So if the interlock is really on that 346,
I

can

make

description

the
of

whole
what

system

the

work

suction

but

the

DCD

valves

and

the

discharge valves and the interlocks is wrong.
MR. TRAVIS:

That's -- I understand your

point and I will have to, again, follow that up with
someone from the applicant.
MEMBER STETKAR:

I hope we're all clear

because there was confusion during Chapter 5.

I

wasn't expecting the staff to come back on this one
during this meeting.
struggling a little bit.
MR.

J.

OH:

So that's why I'm kind of
Have you got it?
This

is

Andy

Oh,

KHNP

Washington Office.
In case containment spray is required
maintenance

during

the

model

1

and
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and

the

maintenance requires kind of the stuff Member Stetkar
described some breach of the pressure, in that case,
at the interchange for the shutdown cooling, the
replacement of shutdown cooling function with the
containment spray cannot be accomplished.

In that

case, KHNP would have to apply tech spec.
MR. TRAVIS:

Right, the LCO.

Okay, yes.
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MR. J. OH:

The LCO.

MEMBER STETKAR:

You'd be down to one

containment spray.
MR. TRAVIS:

They're not allowed to -- I

mean they have an LCO action.

They have to have two

containment spray pumps operating.
MEMBER STETKAR:
MR. J. OH:

Okay.

However --

MEMBER STETKAR:

And you did all of that

to save two manual suction valves.
MR.

J.

OH:

Yes,

however,

some

of

maintenance that not require breach of the pressure
boundary

of

the

containment

spray,

then

shutdown

cooling pumps still it can replace the function of
containment spray.
MEMBER STETKAR:

Right.

I'm not arguing

that at all.
I

do

notice

that,

like

most

system

designers, the shutdown cooling pumps seem to have
local manual suction isolation valves.

So apparently

to save the cost of two manual suction isolation
valves, occasionally the plant will have to enter a
tech spec limiting condition for operation.
MR. TRAVIS:

I can't speak to design
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decisions.
MEMBER STETKAR:
I

--

I

originally

I just want to make sure

wanted

to

make

sure

that

I

understood the flow paths when the shutdown cooling
pump knew that it had to operate as a containment
spray pump.
MR. TRAVIS:
MEMBER
Chapter 7.

Right.

STETKAR:

Because

I

looked

in

It doesn't really give you that -MR. TRAVIS:

Right.

MEMBER STETKAR:

-- that amount of detail

in 7.
Okay, thank you.
MR. MAKAR:

I'm going to present our

review of the post-LOCA debris source, referred to as
chemical effects.
uncertainty

about

And there is a great deal of
the

materials

released

in

containment so closure rates for metals, release rates
recalled them for non-metals.
are

related

to

temperature

The rates and how they
and

pH,

what

exactly

precipitates and when does it stay a precipitate or
re-dissolve, things like that.
So in order to address this uncertainty,
the staff has some guidance that makes conservative
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assumptions.

So when we look at a chemical effects in

that review, we are looking to see if the applicant
has followed the staff-approved guidance or has done
something on their own, for example, done their own
corrosion rate testing and testing of precipitates in
some way.

And so if they choose another methodology,

then we will ask them to justify that.
Ours is based on, it's described in Reg
Guide 1.82 in the latest revision, Rev. 4 and it
refers to 2008 detailed guidance from the staff as
well as -- and that includes an approved topical
report

that

calculates

release

rates

and

makes

assumptions about what precipitates form.
So when we look at the applicants, the
application in this area, we were interested in what
source term they're using, so what kind of materials,
pH

values,

temperatures,

the

type

and

amount

of

chemical precipitates that result from their analysis
and how they applied these chemical precipitates in
strainer

head-loss

testing,

as

well

as

in

fuel

assembly testing, and whether they applied any, even
if they used the staff's approved guidance, whether
they use any what we call refinements, things that
might reduce conservatism.
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So in this case -- yes.
MEMBER POWERS:

When you launch one of

these analyses, does it make a difference to you
whether trisodium phosphate is being used a buffer or
not or is it almost indifferent to that?
MR. MAKAR:

Trisodium phosphate would make

a difference in two ways.

One is how its effect on

the -- or how it determines the pH profiles.

The

second way is that for materials that release calcium,
so some concrete calcium silicate insulation, the
staff's approved methodology assumes that if you have
phosphate present that all calcium will precipitate.
So if you have some release from concrete say or
calcium and you are using sodium hydroxide or sodium
tetraborate, you would not have calcium phosphate
precipitate.
MEMBER POWERS:

You don't have a calcium

borate precipitating in this?
MR. MAKAR:

No.

No, there are the three

that -- you know an applicant could propose something
else.

We

may

have

had

one

that

did

but

the

methodology that they are using assumes that the
precipitates

are

going

to

silicate, sodium, oxyhydroxide

be

sodium,

aluminum,

or calcium phosphate.
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MEMBER POWERS:

There, of course, are

lots of other insoluble phosphates.
MR. MAKAR:

The staff -- when the staff

looked at the testing that we sponsored, as well as
the industry testing that led to this topical report,
it seemed like a -- based on what they could -- you
know it is difficult to identify and even know that
you

have

precipitates.

But

they

judge

that

conservative based on the test results to always
assume that you are going to get this, that all of
your calcium is going to -MEMBER POWERS:
MR. MAKAR:

That is an assumption.

And the calcium phosphate, if

you actually use it in a test, it's pretty nasty as
far as head loss goes.
MEMBER POWERS:
MR. MAKAR:

Right.

So we determined that what

materials they had, the releases, in their case, are
coming from aluminum in containment, concrete, and
some silicon.

Silicon comes from the insulation, the

small amount of fibrous insulation, as well as from
concrete.

The aluminum comes mainly from the metallic

aluminum, a little bit from concrete.
MEMBER POWERS:

Zinc doesn't enter into
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the calculation here?
MR. MAKAR:

It doesn't.

That doesn't mean

that staff doesn't believe zinc could generate a
chemical

precipitate.

It

certainly

depending on the pH and temperature.

corrodes,

And there have

some indications in the testing that it does form a
precipitate,

not

just

a

corrosion

product

that's

observed on the surface but something that would cause
head loss.
The staff approved using those other three
precipitates only if you stick to this methodology.
It hasn't been ruled out for cases where people want - if an applicant wants to use a refinement where they
are going to justify long-term solubility or some
cases

where

they

don't

assume

precipitates

form,

that's cause to look at other things that were not
requiring them to look at now.
And

so

I

mentioned

what

precipitates are that apply to this case.

the

three

It's the

calcium phosphate, aluminum oxyhydroxide and sodium
aluminosilicate.
The quantity for their base case is about
240 kilograms.

I think that's the number.

Staff did

a calculation using the same conditions and had about
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the same result, which we should.
We also note that they -- one of the
conservatisms is the pH range that they chose, that
they are assuming very early in LOCA that they would
be at the high end of the pH because of the trisodium
phosphate.
4.5.

So they're not beginning at a pH of 4 or

They are getting up in the closer to ten.

And

so they have a very high corrosion rate of aluminum,
which is the vast majority of their source term here.
So they are generating a lot of aluminum
corrosion at the beginning.
So

we

also

ran

a

case

with

a

more

realistic pH profile, one that we see from -- typical
pH

profile

that

we

see

from

applicants

using

trisodium phosphate and the amount of precipitate in
that

case

that

kilograms.

we

calculated

was

more

like

100

So less than half.
So we think they have some conservatisms

in here.

Using this methodology, the form of these

precipitates
oxyhydroxide.

is

more

than

90

percent

aluminum

That is there is a surrogate material

that staff has approved that can be prepared in the
laboratory for use in strainer and fuel assembly
testing.

It is sodium aluminum oxyhydroxide.

So the
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same.

The

surrogate

they

are

using

is

a

representation of what they are calculating they have
for the most part.
And so we also evaluate how they used this
and prepared this surrogate for their testing.

And in

their case, they followed our guidance.
We

do

have

some

questions

identified as open items in our SER.

that

are

We since have a

response on all of them.
And one was that the DCD currently allows
more aluminum surface are than was evaluated for
chemical effects so that a revision has been proposed
to the DCD to put those together.

That's a non-

conservative direction.
There is also the temperature profile.

It

was unclear to us how to -- we didn't understand fully
the temperature profile that they used after the first
approximately

11

days.

So

that

was

another

calculation we did to assume that the temperature did
not continue to decrease after that time and saw what
effect that had.
But

now

they

have

temperature profile they are using.

clarified

what

And in addition,

because of the test, the results of their testing
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where they saw an initial head loss upon adding
chemicals, it wasn't sustained.

So that's part of our

guidance, too, that if you've added a significant
amount of the chemical source term and you stop seeing
an increase in head loss then you've done enough and
you can stop at that point.

And that was their case.

So adding to their chemical source term,
at this point, would not change the results of their
testing.
And we also had a question about how they
were

using

water

volume.

They

were

making

--

explained or stated that they were using water volume
and making conservative assumptions about it but it is
not clear to us how that's used in the methodology.
So they've clarified that.
And the final one was the preparation of
the surrogate chemical in their testing.
needed some clarity.
they did that.

We had

We didn't understand fully how

That's been closed.

The others are confirmatory items for
changes in their technical report or the DCD.
And that concludes the presentation on
chemical effects.
CHAIRMAN

SUNSERI:

All

right,

any
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additional questions from the members?
I may not be completely clear on the
shutdown cooling pump, containment spray pump.

Are we

resolved on the issue now?
MEMBER STETKAR:

My state of knowledge is

that I think you beat this horse to death.
My

state

of

knowledge

is

that

if

a

containment spray pump is removed from service, let me
call it, electrically, so just open up the circuit
breaker, that the corresponding shutdown cooling pump
can be aligned by opening -- I've forgotten the valve
numbers already -- opening two valves and then that
shutdown

cooling

pump

will

receive

containment spray signal to start.

an

automatic

Am I okay so far?

Let the record show that KHNP people are
nodding their heads in agreement.
If, however, the containment spray pump
requires disassembly for maintenance, opening for
whatever, then that containment spray division is
inoperable, that the shutdown cooling pump cannot be
used to replace the containment spray pump and the
plant would enter the technical specification 72-hour
LCO for that division.
Is that correct?

And again, containment -
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MR. J. OH:
Washington Office.

Yes, this is Andy Oh, KHNP

Yes, that statement is correct.

MEMBER STETKAR:

Okay, thank you.

CHAIRMAN SUNSERI:

Okay, so we've put that

one to bed, then.
MEMBER STETKAR:
CHAIRMAN
right.

That's the way it is.

SUNSERI:

Okay,

So we are at a break point here.

great.

All

Let's take a

15-minute break and return here at 20 after 3:00 to
continue with the presentation.
Thank you.
(Whereupon, the above-entitled matter went
off the record at 3:06 p.m. and resumed at 3:22 p.m.)
CHAIRMAN

SUNSERI:

All

right,

we

are

reconvening the session and we have Anne-Marie Grady
that will be kicking us off.
MS. GRADY:

Good afternoon, Chairman and

members of the subcommittee.

I am Anne-Marie Grady in

the Containment Systems Branch Severe Accident PRA and
I'm here to talk to you today about combustible
gas control in containment.
The

objective

of

the

review

for

combustible gas control containment is essentially to

212

make sure that the design for combustible gas control
meets 10 CFR 50.44 and in this case it is (c).
To

determine

whether

or

not

it

met

50.44(c) we look at the five elements that are in
50.44(c) in those numbers that there are.

And the

criteria are for significant beyond DBA to ensure
there is a mixed atmosphere in containment; that the
concentration of combustible gases both locally and
globally

are

below

the

level

of

either

support

combustion or detonation that could cause loss of
containment integrity.
The second criteria is the concentration
be

limited

below

ten

percent,

both

locally

and

globally, the ten percent being the lower cutoff point
there.

Detonation is not an issue in the containment.

And detonation in this plant, as in many other PWRs
would be what would compromise containment integrity.
Combustion generally is

-- a containment design

generally can withstand combustion.
For criteria number three, the equipment
and systems needed to maintain containment integrity
shall be able to perform their functions during and
after a hydrogen burn.
Okay, fine.

Number 4, equipment shall be
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provided

for

continuously

measuring

hydrogen

concentration inside the containment for a significant
beyond DBA.
And number five, a structural analysis
shall

be

integrity

completed
will

hydrogen burn.
hydrogen

burn

be

that

demonstrates

maintained

during

containment
and

after

a

So a structural analysis to consider a
as

one

of

the

design

loads

for

containment integrity.
The documents, the material that comprised
the scope of the review was the APR1400 DCD Tier 1,
Section 2.11.4, which is Containment Hydrogen Control
System, DCD Tier 2, Section 6.2.5, Combustible Gas
Control,

and

Section

19.2.3,

Severe

Accident

Mitigation.
It was also based on the APR1400 Severe
Accident Analysis Report, which is on the docket and
in the SER there is the ML number.

If you haven't

already obtained it, you can go to it readily.
Supporting both the DCD and the severe
accident analysis report, KHNP did many calculations.
I

would

call

it

a

massive

hydrogen

combustion

calculation, at least when I was reviewing it at 1138
pages, I thought it was massive.

And two other
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calculations, one to look at equipment survivability
and one to look at potential detonation.

Those

calculations were available to us and still are in the
electronic reading room but they are not on the
docket.
they

They are, however, referenced in the SER and

will

be

referenced

analysis report.

in

the

severe

accident

So there is traceability with them,

even though they are not on the docket.
MEMBER REMPE:

So we won't have access to

the document they referred when we do Chapter 19?

You

said the 1100 page document is not going to be made
available.
MS. GRADY:
reading room.

No, it's in KHNP electronic

And for those of us who have access to

the electronic reading room, it has been available and
it is still available.
MEMBER STETKAR:

Joy, the simple answer is

no, it's not available to us.
MEMBER REMPE:
document.

Because I do have the ERI

I thought -- I just hadn't seen this other

document yet.
MS. GRADY:

There are three of them but I

don't know the answer to what is available to you from
their electronic reading room.
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MS. UMANA:

So generally what KHNP has

done is they put these documents up in the electronic
reading room for staff to access them.

And sometimes

I have a staff member that doesn't have access and we
request access.

If you want access, I have to check

with KHNP first to make sure that you can be granted
the access, if you really want to see this document.
MEMBER REMPE:

Okay.

So if this is the

document that, again, I don't remember the document
number KHNP mentioned earlier today but before we do
Chapter 19, I would like to request that members have
access to this document.
MS.
hierarchy.

GRADY:

These

documents

are

a

That third bullet right there are the real

basis analyses.
The second bullet summarizes them in the
level of detail that is quite satisfying, covers many
accident scenarios, and that is on the docket and that
is in ADAMS.

So you can review that.
And then of course, the DCD is a higher

level document.

They are all arising from that level

of detail.
MEMBER REMPE:

Right.

Again, as I go

through this for Chapter 19, it would be nice if I
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could go ahead and request it.

I can't tell until I

go through the severe accident analysis report but I
would like to -- I think I'm not the only member that
might be interested in this.

And so it would be good

if they would provide that access to us.
MEMBER STETKAR:

We do have the second

bullet document.
MS. GRADY:

Right.

MEMBER REMPE:

Yes.

MEMBER STETKAR:
MS. GRADY:

Okay, I've seen that.

And the SER identifies the

others that are in the electronic reading room.
So you have the title.

You know what they

MEMBER REMPE:

Again, I need to

are.
Okay.

finish reading what's on the second bullet but it
would be nice if we just go ahead and request it and
then if I don't need it, I won't need it but other
members may feel of a habit of interest.
MS. GRADY:

Yes.

MEMBER REMPE:
interrupted
temperatures

you,
for

combustion events.

in

the

By the way, since I've
draft

equipment

SE

you

refer

survivability

to

during

The range -- and you have -- it's
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on

page

6142.

Did

you

look

at

temperature

and

pressure or did you -MS. GRADY:

Temperature, and pressure, and

radiation.
MEMBER REMPE:

Okay because, again, the

draft SE only mentioned the temperature envelopes.

In

fact, it has Table 19.2.3-5, it is a summary of
temperature envelopes for equipment survivability.
MEMBER

REMPE:

But

you

did

look

at

pressure also.
MS. GRADY:

Yes.

MEMBER REMPE:

Okay.

MS.

And

GRADY:

the

conclusion

for

equipment survivability will be provided to you when
we do Chapter 19 in April.
MEMBER REMPE:

And that pressure includes

some sort of spike from a burn or anything like that,
too.
MS. GRADY:

Yes, it does.

MEMBER REMPE:
MS. GRADY:
my

review

was

we

The last bullet that comprised

had

confirmatory

calculation

hydrogen

the

in

Okay.

the

contractor

for

containment,

the
the

ERI

burning

do

a

of

the

potential

for
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detonation of the hydrogen containment that's there, a
calculation

number,

reference in the SE.

and

the

ML

number

is

as

a

So that's available to you also.

And their calculation was 411 pages.
So let me just say that there have been
very many accident scenarios that have been evaluated
for combustion and/or potential detonation.

I know

KHNP's, the calculation I looked at had 55 different
variations,

55

different

scenarios,

sensitivity

studies, and the one for our confirmatory calc had 17.
MEMBER REMPE:

But in the confirmatory

calc, which was based on MELCOR, and even the ERI
document used the MELCOR results, everybody used the
same the containment nodalization.
MS. GRADY:

Exactly, 36 containment nodes.

KHNP used MAAP and they used 36 containment nodes.
We used MELCOR and we based our nodalization, ERI did
on the nodalization as enacted.
MEMBER

REMPE:

Again,

as

I

mentioned

earlier today when I was discussing it with KHNP, I am
puzzled why, especially with MELCOR, where you could
have more finely divided up the containment, why the
staff didn't try and explore that.
And

I

did

hear

esteemed

Professor
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Corradini today tell me well, they didn't need to
because of some German tests.

And that may be true

because I haven't reviewed those German tests but
esteemed Member Powers told me later that the German
tests didn't adequately consider a lot of the features
that might be important in the containment.
So

I

am

interested

in

why

the

staff

decided that it was okay to just keep using the same
nodalization as what KHNP used.
MS. GRADY:

I would say that we felt that

it covered what was going on in the containment.
nodes are not the same size.

The

They are, pardon my

showing you -MEMBER REMPE:

I saw that drawing, yes,

but there is a very big volume up high in the dome.
MS. GRADY:

Yes, and you seemed in your

question to be particularly concerned about the dome
but the dome in here is not the largest containment
node at all.

The largest containment nodes in this

model are the volumes above the two steam generator
cubicles.
MEMBER REMPE:

Okay.

So, there's the

containment node and then there's some volumes -- or
the dome, and then there are some volumes that look
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kind of large also right -MS. GRADY:

The small dome portion at the

very top.
MEMBER REMPE:

And then there are two that

are fairly large.
MS. GRADY:

Then there's a big one that

encompassed the polar train.

Then there's two even

larger ones that are above the steam generator.
MEMBER REMPE:

And you feel it's just fine

not to have any sort of finer nodalization in all
those large volumes?
MS. GRADY:

Yes.

MEMBER REMPE:

And the basis for that

feeling is?
MS. GRADY:

We have used nodalization to

this level of detail for other applications and been
satisfied with the results.
MEMBER REMPE:

Did anybody do any sort of

sensitivity studies to make them satisfied in the
history of this?
MS.

GRADY:

Sensitivities

on

the

nodalization?
MEMBER REMPE:

Uh-huh.

MEMBER CORRADINI:

I'm not sure what you

221

want them to do.
MEMBER REMPE:

I just would like to know

why they feel comfortable with it.
MEMBER CORRADINI:

The fundamental model

of MELCOR and MAAP and all of these is the same, is it
is essentially a tube and tank model, which means
what's a loss coefficient between a volume in an open
area that's here in the room and here in the room.
The answer is there is no loss coefficient.
So no matter how many of these you are
going to put together, you are going to get good
mixing.
MEMBER REMPE:

We don't think there might

be any stratification?
MEMBER CORRADINI:
thing as mixing.

That isn't the same

Stratification driven by what?

Driven by density or temperature is one thing but
that's not going to capture it by putting a lot more
volumes in.

It's going to be captured in by either by

condensation in the upper region, where I make it lean
enough that essentially it is almost like molecular
weight is going to cause the stratifying or because
I've got a very strong hydrogen plume coming out of
these

things

that

it

never

mixes

coming

out

of
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wherever they come out of, the steam generator rooms.
I think it's more a matter of source,
strengths,

and

nodalization.

condensation

rates

versus

the

That's my guess, if I were to guess.

MEMBER REMPE:

And is there no way to

trick the codes into considering that if you had a CFD
analysis, for example?
MEMBER CORRADINI:

We go back a long time

but if memory serves me, Los Alamos had a tool by some
group, I think it was the famous group at Los Alamos,
Jack

Travis'

group,

and

they

showed

well-mixed

conditions under a range of conditions, as you would
with a -- for a large dry.

I'm talking for a large

dry in the upper dome region.

But that's many, many

years ago that I remember these analyses.
Walt

I

think

may

remember

the

group

because they were -- Los Alamos was doing -- T3?

T3

division.
But my only memory is that for large
dries, you get enough of a mixing just by the natural
circulation patterns that everything is pretty well
mixed, even with low rates of flow.
MEMBER
memory.

REMPE:

Okay,

so

that's

your

Shouldn't the staff have some sort of basis
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that they could rely on, except tradition?
MS. GRADY:
results

KHNP

confirmatory

has,

and

calc

concentration

in

And in general we have other

at

each

a

do

the

we

size

one

almost all of them have
concentration

so

of

about

have
of

these
the

in

hydrogen

nodes.
same

our

And

hydrogen

particular time, which shows

good mixing.MEMBER REMPE:

Okay.

MEMBER CORRADINI:

I think what she's

asking, though, are what are the limits of that and
are you near those boundaries?

I think that is

another way of putting what Joy is asking of the
staff.

Are you far away from boundaries where you get

stratification

due

to

either

temperatures,

or

densities or flow rates, or are you close to those
boundaries?

I don't think those boundaries have been

determined for a large dry.

Every analysis I have

seen for a large dry, historically, has shown very
good mixing, even with low, natural convective flow
rates.
MEMBER REMPE:

It would be good to have

some documented understanding, other than tradition.
And again, you may be right that there is a long
history but I just am curious on why people feel
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comfortable with that.
CHAIRMAN SUNSERI:
understand the issue.
resolve it here.

for

I don't think we're going to

So, let's move on.

MS. GRADY:
events

All right, I think we

accidents

KHNP selected five initiating
to

model,

whose

sequences

represented the spectrum of severe accidents important
to hydrogen accumulation and distribution, the most
probable core damage sequences from the Level 1 PRA
and representative LOCA sequences.

Chosen were large

break LOCA, medium break LOCA, small break LOCA, total
loss of feedwater, and SBO.
KHNP

combustion

analysis

for

these

scenarios credited severe accident mitigating systems.
The

severe

accident

mitigating

systems

are

aux

feedwater, safety injection tanks, the PARs, hydrogen
ignitors, the cavity flooding system, the containment
spray system, rapid depressurization using the POSRVs
and the operation of the three-way valves.
KHNP, using the MAAP code, calculated the
hydrogen concentration versus time for 24 hours for
the

selected

scenarios

for

all

containment

nodes

modeled in the combustion analysis.
The combustion analysis for all of the
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base cases results in hydrogen concentration in the
containment, both locally and globally, is maintained
below 10 percent when all of the severe accident
mitigating systems are credited.
The staff -MEMBER CORRADINI:

Can I stop you there?

I still want to think that at least we ought to note
that Dr. Rempe's question is a fair one and probably
under the most stagnant conditions versus containment
spray conditions, which would cause a lot of mixing.
So you're under stagnant conditions.
MEMBER REMPE:

It would be nice to have

some -- sometimes we have questions and it would be
nice to see something back on that.

And again, I

don't know if it should come from the staff or the
applicant but it would be good since the staff has
agreed that this nodalization is adequate.
MS. GRADY:

Oh, I'm sorry.

Would you

repeat the last phase?
MEMBER

REMPE:

Since

the

staff

has

concurred that the nodalization is adequate, it would
be nice to see something that is explaining why the
staff feels comfortable with it.
MS.

GRADY:

Yes.

The

confirmatory
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calculations on mixing the containment for the same
five base cases and also crediting all of the severe
accident mitigating systems came up with the same
results,

that

is

that

the

concentration

of

the

hydrogen in the containment in any of the nodes was
below ten percent or it was steam inerted.
MEMBER SKILLMAN:

Anne-Marie, does that

conclusion imply that all elements of all of the
mitigating systems must be operable at all times?
MS. GRADY:

Various scenarios relied on

certain mitigating systems and then there have been
sensitivity studies I'm going to talk about next but
whichever ones would be needed for the scenario.
MEMBER

SKILLMAN:

So

that's

slightly

different, at least in my judgment, than the sentence
that communicates that the containment remains below
ten percent hydrogen when all systems are credited.
That suggests that all elements of all systems must be
functional at all -MS. GRADY:

If they're needed in that

scenario, that's right.

For example, it credits PARs.

It credits them at 75 percent efficiency.
all

of

the

hydrogen

ignitors.

It

It credits

credits

aux

feedwater, if that scenario requires aux feedwater, et
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cetera.
So yes, if it's required.
MEMBER SKILLMAN:

So what is missing in

that second bullet are credited for that specific
scenario.
MS. GRADY:

The second bullet?

MEMBER SKILLMAN:
bullet?

Yes, see the second

The second bullet, the combustion analysis -MS. GRADY:

Yes.

MEMBER SKILLMAN:

-- results in below ten

when severe accident mitigating systems are credited
for that particular scenario is I think what you're
saying.
MS. GRADY:
scenarios,

for

depressurization.

Right but every one of those

examples,

doesn't

require

rapid

If you have a LOCA, you don't need

to rapidly depressurize and operate the three-way
valves.

Those are mitigating systems.

But for the

LOCA scenario, particularly the large break LOCA, you
don't need them.
So whatever is appropriate, yes.
MEMBER SKILLMAN:

Okay, it's a scenario-

specific conclusion -MS. GRADY:

Yes, it is.

228

MEMBER SKILLMAN:

-- is what I think

you're communicating.
MS. GRADY:

Yes.

MEMBER SKILLMAN:
MS.

GRADY:

Thank you.
KHNP

then

performed

sensitivity studies on the base case scenarios and
basically looked at the base case scenarios going one
by one and crediting or not crediting a particular
mitigating system.

They ran the same scenario, for

example, but didn't credit the PARs.

And then they

ran the same scenario but credited the PARs and didn't
credit the ignitors, and on and on and on, as you can
imagine for the various mitigating systems.

And they

found that the hydrogen concentration doesn't exceed
ten percent anywhere in the containment, except in the
IRWST and in the steam generator compartment for high
pressure scenarios such as SBO and total loss of
feedwater, as long as the POSRV, via the three-way
valve is available.
And

they

also

found

all

of

the

LOCA

sequences, the hydrogen concentration doesn't exceed
ten percent anywhere in the containment, as long as
the

PARs

and

the

ignitors

are

containment sprays are actuated.

available

and

no
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Staff's confirmatory calculation -- sorry.
Staff

found

the

potential

exists

to

exceed

ten

percent hydrogen concentration in the IRWST and the
area above it near the SBO or the total loss of
feedwater with no operation of the three-way valve and
there is potential to exceed ten percent hydrogen
concentration in the reactor pressure vessel annulus
for large break LOCA without PARs or without ignitors.
Large -- now we get on to the cases where
we have found nodes in the containment where it does
exceed ten percent.
those

nodes

in

And we're now going to look at

particular

and

investigate

the

possibility of detonation.
Detonation

could

potentially

challenge

containment integrity and local detonations could
affect equipment survivability.
KHNP
detonations

from

deflagration

to

analyzed
flame

the

potential

acceleration

detonation,

so-called

during
DDT.

for
a
The

potential for DDT in any node in the containment where
the hydrogen concentration exceeded ten percent was
evaluated.
those

So if the nodes came in under ten percent,

nodes

were

screened

out,

weren't

evaluated

further, because there was no potential for DDT.

Now
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we start focusing on the nodes in containment where
the concentration did exceed ten percent.
MEMBER

POWERS:

Is

the

ten

percent

the

ten

percent

criterion DDT -MS. GRADY:
MEMBER

I'm sorry?

POWERS:

Is

criterion for DDT just an empirical observation?
I don't know of a theoretical reason why
you can't get DDT at lower than ten percent.

I have

to admit I am unaware of experiments where we got DDT
less than ten percent but there is no theoretical
reason why you can't.
MR. PAUL:

Eric Paul, ERI.

We looked into

in what conditions DDT is possible and it is using the
OACDs, that report, there is a correlation that we
used to predict DDT conditions.

It is possible for it

to occur just below ten percent but only when there's
essentially no steam and high temperatures.
So,

for

all

practical

purposes,

ten

percent is a lower bound.
MEMBER POWERS:

But I mean that's just

strictly an empirical correlation with data from a
bunch of investigators.
MR. PAUL:

Yes.
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MEMBER POWERS:

And in fact I can conceive

of geometries may not arise in reactors that would
give you a transition to DDT, anything above the
flammability limit, I think.
MEMBER CORRADINI:
MEMBER POWERS:
MEMBER

Long and narrow.

Long and disrupted.

CORRADINI:

Yes,

where

you

accelerate.
MEMBER POWERS:

Yes, you have got to have

a range to accelerate and you have got to have enough
turbulence to cause acceleration.
Inherently, it's unstable.
out on you.

It wants to go

So you need a wide channel to propagate

it.
But empirically for -- they have done a
huge

number

of

tests

up

in

Russia

looking

at

geometries and that is where the correlation comes
from I think.
MS. GRADY:

We did use the ten percent

criterion and KHNP used the ten percent criterion as
well and used the cell-width methodology to evaluate
potential for DDT and the methodology is found in the
NEA/CSNI
basically

document
it

that's

looks

at

referenced
in

a

node

there.
where

And
the
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concentration is greater than ten percent, looks at
the

conditions

concentration.

in

that

node,

looks

It looks at the pressure.

the temperature.

at

the

It looks at

In other words, it's really looking

at the potential for flame acceleration to occur.
Then, considering a measure of whether or
not flame acceleration could occur, then it looks at
the surroundings to see if the physical space would
allow enough space for the flame to accelerate to DDT.
So, it's an analytical process but it's a screening
process.

And basically, we're hoping -- KHNP was

hoping, we were hoping that by evaluating the flame
acceleration and the cell-width methodology that we
could, in fact, screen out nodes in the containment by
this method.
So I guess I'm forecasting right here that
we didn't start analyzing detonation loads in the
containment.

We're hoping to screen it out and we're

going to find out that is what we in fact ended up
doing.
Cell width is -MEMBER POWERS:

Would this methodology

predict detonation in a boiling water reactor building
located on the coast of Japan?
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In a boiling water reactor

Its inerted.

We wouldn't even be worried

building?

MS. GRADY:

about that.
MEMBER POWERS:

Well, the dry well is

inerted.
MS. GRADY:

Pardon?

MEMBER POWERS:

The dry well is inerted;

the reactor building is not.
MS. GRADY:

Ah!

I don't know the answer

to that.
MEMBER POWERS:

That would seem to be a

pretty good test for this methodology.
MS.

GRADY:

The

reactor

relatively large, though, isn't it?

building

is

So the cell width

-MEMBER POWERS:
MS. GRADY:

Highly compartmentalized.

Pardon?

MEMBER POWERS:

Highly compartmentalized

below the operating deck.
MEMBER REMPE:

But unfortunately, with all

accidents, they are not well-instrumented and so it
would be hard to apply this method with the data
available from that location in Japan, right, Member
Powers?
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MEMBER POWERS:

Well, I would remind you,

Member Rempe, that there have been a huge number of
calculations of that accident at the port to do it
quite well.

Might it not be useful to use those to

see if this methodology works?
MEMBER REMPE:

It would be of interest but

knowing the source it might have a lot of uncertainty.
MEMBER POWERS:

You have no faith in the

calculation of capabilities at all?
MEMBER REMPE:

I just keep thinking about

TMI not being a well-instrumented experiment and I
think we could say the same thing about that.
MEMBER POWERS:

Actually, I will remind

you that we know a great deal about the hydrogen
detonation and hydrogen, including having estimates of
flame speed, direction, location of the ignition point
and cell width.
MEMBER REMPE:

At TMI but it took a lot of

years and all that but right now, it might be kind of
hard.

It would be nice to do, though in the long-run.

It's just an observation.
MEMBER POWERS:
MS. GRADY:

Not much of one.

KHNP, applying the cell-width

methodology, found that there was no DDT potential in
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the containment, as long as the POSRV discharge via
the three-way valve is available.
If the POSRV discharge via the three-way
valve is not available in high pressure sequences, the
IRWST air space and the areas above it have the
potential for DDT.
There is also DDT potential in the lower
containment

areas

for

any

sequences

with

ignitor

failure and cavity flooding failure.
So, a combination of potential for DDT
with also an assumption of not having the availability
of severe accident mitigating systems.

And for POSRV,

the three-way valve and the ignitor failure and the
cavity flooding failure are the mitigating systems.
MEMBER CORRADINI:

Can you remind me,

since you said it early in the presentation and I
didn't -- I missed it.

What's the source, what's the

inventory source that was used in these calculations?
MS. GRADY:

Oh.

MEMBER CORRADINI:

Did you say it and I

missed it?
MS. GRADY:

If I didn't, I meant to.

It's

the hydrogen generated from the oxidation of the fuel
clad having 100 percent of the fuel.
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MEMBER CORRADINI:

Okay, I thought it was

100 percent.
MS. GRADY:

Yes.

MEMBER CORRADINI:
MS. GRADY:

Thank you.

You're welcome.

MEMBER REMPE:
actually truncate?

Okay, fine.

Remind me.

Didn't they

It was MELCOR that they truncated

because sometimes they would have structures oxidizing
in the vessel in these calculations and they didn't
want to go above 100 percent.

And so they would

truncate the in-vessel source, right?
MS. GRADY:

It's my understand that both

MAAP and MELCOR, if you were trying to predict the
clad and oxidizing, wouldn't reach 100 percent.

They

have the opposite effect and they have to artificially
add to get up to the 100 percent that -- 10 CFR 54
would apply -MEMBER REMPE:
MR. PAUL:
the scenario.

They did add some stuff?

Eric Paul, ERI.

It depends on

For the LOCA cases, we did need to add

hydrogen to get to 100 percent.

For the high pressure

cases, she's correct that it would have -- MELCOR
would have naturally produced more than the amount of
hydrogen specified by the regulation.

And so we did
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cap the hydrogen production artificially.
MS. GRADY:

Thank you.

Okay, equipment survivability.
MEMBER KIRCHNER:

Can I ask a question at

this point?
MS. GRADY:

Yes.

MEMBER KIRCHNER:

So you did agree that

there's the potential for this hydrogen detonation.
Did you analyze what might happen?
MS. GRADY:

No, absolutely not.

MEMBER KIRCHNER:

And do you think there

are any vulnerabilities in places like the IRWST to
such a detonation, in terms of equipment failures, or
it is robust enough that at least the structural
integrity would be preserved?

I'm thinking about

things like strainers and screens and such that might
be dislocated by such a detonation in the cavity.
MS. GRADY:

As long as we can credit the

three-way valve, taking the discharge from the POSRVs
and sending it to the steam generator compartments, we
can avoid that condition in the IRWST.

And the three-

way valve in the POSRVs discharge is one of the severe
accident mitigating systems.
MEMBER KIRCHNER:

Thank you.
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MS. GRADY:
Let
survivability.

me

You're welcome.

say

a

word

about

equipment

Equipment survivability is generally

covered in Chapter 19.2.3.

It really is a program to

take severe accidents, take the mitigating systems
that are required to mitigate a severe accident,
establish what equipment is required, establish what
conditions are required, that they function under,
establish how they have to function and for how long
they have to function.
equipment

survivability

And the overall findings for
will

be

found

in

Chapter

19.2.3.
However, 10 CFR 50.44(c) says when you
look at equipment survivability and when you look at
the severe accidents that you could look at and have
to evaluate for, one of the conditions you have to
assume, in addition to all of the others, is that you
have to assume that you have the 100 percent hydrogen
from the oxidation from the cladding and have it burn
in containment.

So it's an additional load.

It sort

of piggy backs onto an existing.
And all I'm really going to be talking
about here is that we have calculated the results of
the conditions in the containment if the hydrogen
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burns as an input into the equipment survivability
finding that will come in Chapter 19.
So we're looking strictly at one of the
loads that that program has to withstand.
KHNP

selected

bounding

temperature

profiles from the burning of hydrogen calculated for a
broad spectrum of severe accidents.
choose

a

bounding

one.

They

So they didn't

chose

several

and

selected from them.
Staff calculated temperature profiles for
two scenarios and compared them with the temperature
profiles from the burning of hydrogen in containment
which are found in figures in Chapter 19.2.3 in
Figures

16

through

20,

representative

of

the

environmental conditions created by the burning of
hydrogen.
Staff
comparable.

finds

the

temperature

profiles

We didn't use exactly the same scenarios.

We used similar ones and got similar results.

So

that is meant to be the hydrogen combustion input into
the equipment survivability analysis as one of the
inputs.

And you'll hear more about that in April.
KHNP selected the bounding pressure from

an

adiabatic

isochoric

with

complete

combustion
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analysis to determine the peak containment pressure
when combustible gases during the course of a severe
accident burn.
Staff calculated the AICC pressure for all
five base cases and found that their results are
bounded by the applicant's AICC pressure.
So, the input, both the temperature and
the pressure from burning of hydrogen, staff believes
are

appropriate

inputs

into

the

equipment

survivability.
And this is a requirement of being able to
monitor

hydrogen

in

the

containment

under

accident conditions as required by 50.44(c).
a

containment

hydrogen

monitoring

severe
KHNP has

system,

which

monitors hydrogen inside the containment for severe
accidents

and

provides

continuous

post-accident

indication of the containment hydrogen concentration
and provides it in the control room.
functional post-accident.

In fact, it's part of the

equipment survivability program.
trains.

It remains

It has two redundant

It samples the containment atmosphere.

It

also samples the atmosphere in the air space in the
IRWST.

And this information is going to be used for

accident mitigation -- accident management.

Excuse
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me.
And staff finds that their combustible
containment

hydrogen

monitoring

system

meets

the

requirements of 50.44(c)(4).
Containment
integrity.

evaluation

of

structural

Structural integrity is something that is

evaluated by the Structural Branch and they will be
talking to you I think also in April and talking about
the various loads that they look at on the containment
integrity.
And here again we, for 50.44, provided one
of the inputs, one of the loads that they have to
consider in the containment integrity analysis.

And

again, the pressure load is based on the hydrogen burn
from 100 percent of fuel clad-coolant interaction and
the AICC pressures was selected by KHNP to be part of
the input into this containment structural integrity
analysis.

And we have provided that to structural and

they will provide you their conclusion with structural
integrity, considering this is one of the loads.
That's all I have.
CHAIRMAN SUNSERI:

All right.

Any other

questions from the committee?
So, I just want to reiterate that we want
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you to note that we do expect some feedback on Dr.
Rempe's question regarding the basis for the way you
selected the nodalization.
MS. GRADY:

Okay?

Thank you.

Thank you.

CHAIRMAN SUNSERI:

You may notice that we

have juggled the schedule of presenters around.

We

did this in an effort to get the right people that are
available here and the staff and the consultants there
so that we can finish the sequence of presentations
this afternoon and not have to bring back anybody
tomorrow.
So, Jessica, walk us through this.
MS. UMANA:

Yes, we're going to walk

through -- I mean I'm sorry, we're going to cover
Section 6.1.1, 6.2.7 and 6.6 next.

And just to give

people an idea of where we're going, after that, we're
going to cover -- I think this will help a bit if we
go here, so you can see it.

I'm rattling off numbers

and it probably means nothing.
Then we're going to go to 6.2.1.1, 6.2.13,
and then 6.2.1.4 and lastly, we'll cover Sections
6.2.4 and 6.26.

Hopefully, they won't take us too far

over 5:00-ish.
CHAIRMAN SUNSERI:

Yes, I mean we're not
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going to shortchange any discussion.

We want to step

through these methodically.
MS. UMANA:

Let me find the presentation

for this next presenter.

Okay, here we go.

MR. WIDREVITZ:

Hello, everyone.

My name

is Dan Widrevitz, and I'm presenting for several
reviewers today.
The first section I'll be presenting is
6.1.1, Engineered Safety Features, Metallic Materials.
So this is just on metallic materials in the ESF
system.
So the review itself covers the four main
bullets of the review covered, the materials and
fabrication aspects, specific to austenitic stainless
steel, ferritic steels, and finally the composition
and

compatibility

of

the

ESF

fluids

with

those

materials.
So in terms of the review, the review
itself

is

predominately

a

check

on

using

the

appropriate ASME Code sections and requirements, as
well as compliance with several regulatory guides
concerning things like welding and sensitization of
material.
As part of our review, we had two non-
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acceptable issues both of which now have a path
forward with the safety evaluation draft that you have
left that open but there is a path forward.
First, there were inconsistent approaches
provided for preventing sensitization of steel.

The

applicant had described this in several sections of
the application.

We had a lot of back and forth, fine

tuning the language and making sure that things lined
up adequately.
In the ESF system, the path forward was to
resolve the inconsistencies and supplement the DCD
with

the

clear

description

prevention measures.

of

the

sensitization

And then the second, at the time

unacceptable issue, was that there was an unclear
quality assurance requirement for the IRWST liner and
the information that has been provided, and we are
looking forward to seeing revision to the DCD that
will state that the IRWST liner will meet the ASME
NQA-1 quality assurance requirements.
So are there any questions for 6.1.1?
Okay, if not, I'll continue to 6.2.7.

I

think the slide might be longer than the actual
application section.

Section 6.2.7 confirms that the

adequate fracture toughness requirements for metallic
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materials have been or will be applied, essentially
for the Section III, Division 2 materials, that's
Article CC--2520 and for the Section III, Division 1
materials, that's Article NE-2300.

That's just an

impact testing.
Any questions for Section 6.2.7?
Okay, Section 6.6 is the ASME Class 2 and
Class 3 inspection section.
covers

the

components

The scope of review

subject

to

inspection;

accessibility, examination techniques and procedures,
inspection

intervals,

requirements;

examination

evaluation

of

categories

examination

and

results;

system pressure test; the augmented ISI to protect
against postulated piping failure; relief requests and
code

cases;

and

the

combined

license

information

items.
Once, again, this is largely an exercise
in

demonstrating

compliance

with

the

ASME

Code.

Overall, it was found acceptable with a number of
revisions for the DCD pending, including some markup
clarifying
inclusion

the
of

a

use

of

COL

code

item

compliant

addressing

exemptions;

accessibility

similarly for Class 2 and 3 as for Class 1; and a
clear

enumeration

of

the

appropriate

examination
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methods.
In

addition,

the

applicant

agreed

to

remove an inappropriate COL item asking COL applicants
to provide any necessary ASME Code relief requests as
a COL item.

Obviously, as this is a new plant, which

should be built so that you shouldn't need any relief
requests but we all know things can happen.
That's

it

for

6.6.

Are

there

any

questions for 6.6?
All right, thank you for your attention.
I don't know, am I just really boring?
MS. UMANA:
MR.
afternoon.

HAIDER:

Up next we have Syed Haider.
Thanks,

My name is Syed Haider.

Jessica.

Good

I am the lead

technical reviewer at NRO for the APR1400 DCD Section
6.2.1.1, 6.2.1.3, and 6.2.1.4.
The CR Section 6.2.1.1 deals with the
review of the containment structure and the related
analyses of peak pressure and temperature resulting
from the postulated loss of cooling accident or LOCAs
and the postulated secondary system pipe ruptures that
are in main steam line breaks or SMLBs and main feed
water line breaks inside the containment.
The SER Sections 6.2.1.3 and 6.2.1.4 deal

247

with the related mass energy release analyses for the
LOCA and secondary system pipe ruptures.

KHNP had

also submitted a technical report on the mass energy
release methodology that is referenced in the DCD and
provides additional details related to these three
containment functional design sections that I will be
presenting today.
Basically, I will be focusing on ten items
that were open as of August 19, 2016 in the Phase II
SER that the ACRS currently has.

However, as a result

of the subsequent interaction with KHNP through public
telecons and updated RAI responses, the staff was able
to close two open items, while four open items were
made confirmatory as they require the applicant to
revise the DCD and technical report per the submitted
markups.
So six open items have been essentially
resolved.

And the remaining four items that are still

open are mainly related to the peak pressure and
temperature analysis.

The staff expects to receive

supplemental response from the applicant to close
them.
I will present the most updated status of
the ten items in these staff findings.

Next slide,
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please.
The first open item belongs to the staff's
review of the applicant's peak pressure and peak
temperature calculations for the limiting LOCA and
limiting secondary pipe rupture.

NRC regulations

mandate sufficient margin between the peak calculated
containment
pressure.

pressure
The

and

staff

the

containment

guidance

design

stipulates

the

containment design pressure to provide at least a ten
percent margin above the accepted peak calculated
containment pressure.
KHNP performed a break spectrum analysis
of five LOCA and ten MSLB cases using a GOTHIC model.
Based on the GOTHIC model results, the DCD reports a
greater than ten percent margin to the containment
design pressure for the double-ended discharge leg
slot break LOCA.

That is the limiting DBA for the

containment peak pressure.
The

staff

also

performed

confirmatory

calculations using MELCOR computer code that led to
higher peak pressure and temperature and lower peak
pressure margin than the one reported in the DCD.
order

to

understand

the

difference

between

In
the

licensing and confirmatory calculation, the staff
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issued two RAIs to inquire about the selection and
conservatism of the plant-specific design parameters,
initial and boundary conditions, passive heats sinks,
and other input data, such as sensitivity coefficients
and modeling assumptions.
The staff also obtained the applicant's
GOTHIC decks and modeled the containment.
the

decks

parameter

model,
volumes

the

containment

representing

is
the

As they did
two

lumped-

containment

atmosphere region and the IRWST.
Based on this review, the staff also asked
the applicant to perform additional GOTHIC sensitivity
analyses.

Next slide.
MEMBER KIRCHNER:
MR. HAIDER:

May I just ask --

Sure.

MEMBER KIRCHNER:

Syed, at this point, how

-- what was the difference between the MELCOR results
for

your

confirmatory

calculations

and

the

applicant's, just percent, so to speak, roughly, and
the largest deviation?
MR. HAIDER:

It was significant.

The DCD

report 14.5 percent margin, while we were getting two
to three percent margin.

That was significant.

So the staff reviewed the GOTHIC decks for
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the limiting LOCA and MSLB cases and concluded that
the outer surfaces of the containment shell and the
inner

surface

of

the

containment

conservatively modeled adiabatically.

floor

are

However, the

staff found that the GOTHIC deck has more heat sinks
than

are

documented

in

the

DCD,

which

could

potentially explain some of the differences between
the applicant's and the staff's peak pressure and
temperature calculations.
The heat sink issue will be discussed
separately under open item number three.
MEMBER

CORRADINI:

So

the

difference

between a few percent and 14 percent is they had more
cold surfaces.
MR. HAIDER:

They had more cold surfaces

and we also found that to bring the calculation to
nine will also require us to reintegrate the area, the
areas of the heat sinks as they were tabulated in the
table.
MEMBER CORRADINI:
MR. HAIDER:

Oh, okay.

It's not that obvious.

I

mean in none of the RAI responses it came across like
that.

The DCD doesn't report like that but this is

also turning out to be the case.
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I'll talk more about that in open item
number three.
So while reviewing the decks, the staff
identified three non-conservatisms in the GOTHIC model
with respect to the containment peak pressure and
temperature.
One

non-conservatism

is

that

the

DCD

analysis used the DLM, or diffusion layer model, for
condensation heat transfer, while as said by the
staff, the applicant's sensitivity analysis showed
that using Tagami and Uchida correlations was more
conservative.
So these three correlations have been used
to model convective condensation and the effect of
non-condensables.

DLM is an analogy-based analytical

model, while Tagami and Uchida are essentially based
on experimental data.
MEMBER CORRADINI:

Can we go back to that?

I'll just say on the record that it's the exact
opposite.

The diffusion analogy model is probably

physically correct.

The Tagami and Uchida model is

unverifiably empirical.
MR. HAIDER:

That's not what I said.

MEMBER CORRADINI:

Oh, I thought that's

252

what you said.
MR. HAIDER:

What I really mean to say

that the DLM is an analytically-based model -MEMBER CORRADINI:
MR. HAIDER:

Right.

-- while Tagami and Uchida

are based on experimental data.
MEMBER CORRADINI:

Right but the data --

I've said this for a long time, the data for Tagami
and Uchida is based on a scaling that makes -- that
isn't understandable; whereas, the analogy model makes
sense under a range of scales.
MR. HAIDER:
MEMBER

Yes.

CORRADINI:

It

is

scale

independence.
MR. HAIDER:

But the staff experience has

shown that this is less conservative and that's why
NUREG-0588 suggests that normally you achieve Uchida
heat transfer correlations should be used.

That's an

explicit guidance.
MEMBER CORRADINI:

Oh, I understand it's

guidance but -MR. HAIDER:
MEMBER

Yes, it's the guidance.

CORRADINI:

But

I

still

think

eventually staff ought to look into that because I
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don't think that guidance is physically correct.
MR. HAIDER:

But when the applicant did

the sensitivity analysis -MEMBER CORRADINI:
It's wrong.

It doesn't matter.

Using Tagami and Uchida has been wrong

for a long time.

I mean it is conservative but that

doesn't mean it's right.
MR. HAIDER:

Okay.

When they did the

sensitivity analysis they found that using Tagami and
Uchida -- using Tagami -MEMBER CORRADINI:
MR. HAIDER:

I'm with you.

-- was more conservative.

The second non-conservatism is due to the
inertial length of one foot used in the DCD GOTHIC
calculations, while it could be chosen as large as the
containment

height

conservative.

that

was

shown

to

be

more

The applicant is expected to update the

inertial length in the GOTHIC model.
A third potential non-conservatism is due
to

the

fact

that

the

burnup

dependent

thermal

conductivity degradation or TCD was not accounted for
in the original M&E mass energy release used by the
applicant in the containment pressure and temperature
analyses.
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The concern is that when TCD is accounted
for the fuel thermal conductivity will decrease, which
will result in a higher initial core stored energy and
raw temperatures that may lead to more severe mass
energy

release

and

thus

higher

peak

containment

pressure and temperature.
Now the applicant is implementing the DCD
in their ECCS evaluation model and the Reactor Systems
Branch is reviewing DCD -MEMBER BALLINGER:
bit?

Can we go back a little

You say there's a difference between 14 percent

and 2 percent, round numbers.
MR. HAIDER:

Round number two or three

percent.
MEMBER BALLINGER:
percent.

Okay, so that's 12

Of that 12 percent, have you broken it down

to see which of these three items dominated or didn't
or what?

Because I keep coming back to what Member

Corradini is saying.

If 80 or 90 percent of the

difference has to do with using the model, which is
not reasonable, I wonder about that.
MR. HAIDER:

Okay.

What I can really add

here is that the inertial length and the DLM versus
Tagami explained about one to one and a half percent
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each.

That's what I can recall about 0.5 psi ea.

That was roughly the number.
DCD,

I

don't

know

because

that

is

something that they had -- the whole issue doesn't
include the DCD deck.
MEMBER CORRADINI:
question

earlier

today

I thought in another

they

said

they

sensitivity with an additional 400 degrees.

did

a

Is this a

different part of the DCD that maybe I missed?
MEMBER REMPE:

This is the same thing.

MEMBER CORRADINI:
MEMBER REMPE:
had done a sensitivity.

Confusing?

And they did tell us they

Is that in their response and

you just haven't evaluated it yet or are you happy
with that?
MR. HAIDER:
they

are

going

to

I think someone told me that

submit

about

a

600-page

long

response or something like that.
MEMBER

REMPE:

So

we're

carrying

an

advance notice of what the response we will have.
MR. HAIDER:

That's right.

That's right.

So that would include DCD.
MEMBER KIRCHNER:

Wouldn't it be fair to

say that the first bullet at the top of the slide,
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especially more heat sinks, I mean this is a service
of volume problem that dominates more than the heat
transfer coefficients.

And so a mistake in modeling

going in, total surface area available and such is
probably much more important than which heat transfer
coefficient you choose.
MR. HAIDER:

That's true.

MEMBER KIRCHNER:
be reconciled?

So how is that going to

It's odd to think that the applicant,

who should know the design better than you, would have
the -- I'm interpreting heat sinks to surface area.
So would have the surface area is incorrect.
MR. HAIDER:
area are incorrect.

It's not that the surface

It's like how the surface areas

are interpreted and how the thickness is interpreted.
So in the earlier version, when we found
two to three percent margin, we were interpreting the
surface area to be two-sided surface area.
use

the

sink

surface

area

as

But if we

single-sided,

then

similarly the numbers are kind of aligning with the
GOTHIC prediction.
But this is something that has to be
resolved with the applicant.
MEMBER KIRCHNER:

Is it clear?
That may be much more
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important than, assuming you're not picking a boiling
heat

transfer

inappropriate,

correlation
that

may

or

something

dominate

the

entirely

variance

in

pressure loadings versus the details because there is
so much thermal inertia here that -MR. HAIDER:

That's true.

I think this

needs to be how the surface areas and the thickness
that are reported in the table are interpreted.

And

it looks like that there is room for interpretation.
MEMBER KIRCHNER:
MR. HAIDER:

Okay.

So the applicant has agreed

to address the three non-conservatisms in the GOTHIC
model and plans to submit the revised limiting GOTHIC
analysis index and update the DCD to reflect the
revised licensing basis calculations.

And that would

account for the three non-conservatisms.
The updated results will allow the staff
to make the safety findings regarding the calculated
containment

peak

pressure,

peak

temperature,

and

available containment pressure margins during the
first 24 hours after the DBA initiates.
The issue is being tracked as an open
item.

Next slide, please.
The second open item is also related to
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the updated GOTHIC calculations.

Basically GDC 38

requires that containment heat removal systems shall
rapidly reduce the containment pressure following any
LOCA.

The staff's SRP guidance has specified that the

containment pressure should be reduced to less than 50
percent

of

the

peak

calculated

pressure

for

the

design-basis LOCA within 24 hours after the postulated
accident.
DCD states that the calculated containment
pressure at 24 hours, which is 25.54 psig, is 42.2
percent of the peak calculated pressure of 51.09 psig
for the limiting LOCA.
As a result of the RAI question, the
applicant

corrected

the

value

of

the

containment

pressure at 24 hours from 25.54 psig to 21.64 psig.
The staff found the applicant's use of gauge pressure
values in psig for calculating the pressure reduction
margin at 24 hours after the accident to be acceptable
per Reg Guide 1.206's pressure unit specification.
MEMBER

CORRADINI:

So

maybe

the

percent and the 14 percent is finally hitting me.

two
So

when you say that, you're taking how close you are to
the limit so 2 percent and 14 percent could be a psi
and 4 psi.
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MR. HAIDER:

Yes, that's right.

MEMBER CORRADINI:

Okay.

I misinterpreted

2 and 14 percent when you first mentioned it but now
I get it.

Thank you.
MR. HAIDER:

So however, the staff still

needs to verify the containment peak pressure and peak
pressure margin at 24 hours in the approved licensing
basis calculation results that would support for the
three non-conservatisms as described earlier and also
the area reconciliation issue.
The issue is being tracked as an open
item.

Next slide, please.
The third open item emerged when the staff

tried to understand the differences between the result
of the applicant's limiting peak containment pressure
and the temperature calculations as reported in the
DCD and the staff's confirmatory calculations.

Two

RAI questions were issued in this regard.
The staff reviewed the conservatisms built
in the APR1400 containment response analysis that
involved the heat sink parameters, containment volume,
nodalization, and various modeling assumptions.
I think there was one question asked about
the nodalization.

Yes, in earlier we did do the
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sensitivity analysis by using nodalization of the
containment.
turned

out

And I believe we used 30 nodes and that
that

there

was

not

a

whole

lot

of

difference between the 30 node results and the single
node results.
MEMBER REMPE:
MR. HAIDER:

So 30 versus 2.
Thirty versus one.

MEMBER REMPE:

Versus one.

Okay, so I'm

still back on this MELCOR-MAAP thing where they both
stayed with the 37.

And so --

MR. HAIDER:

But I'm talking about the

MELCOR.
MEMBER REMPE:

Right, right.

Well MELCOR

versus MAAP and they both used the 37.

So I still

would like an answer on why 37 is adequate, like we
talked about earlier but I appreciate that this has
been done here.
MR. HAIDER:

Okay.

These are the RAI

responses as related to the staff's review of the
GOTHIC deck, the staff performed a full accounting of
the

input

inertial

data

sensitivity

length,

uncertainties.

heat

coefficients

transfer

such

correlations

as
and

As I described earlier and I don't

have to go over that again, that the main source of
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discrepancy was found to be the three additional heat
sinks that we found and also the reinterpretation of
the area and the thickness that are tabulated in the
DCD table.
So these are the two issues that we have
to resolve under open item number 3.

Next slide,

please.
The
and

ensuring

containment
with

GDCs

fourth

open

item

conservatism

was

interpreting

with

the

peak

pressure and temperature in accordance
16

and

50

requirement

for

sufficient

design margin in the containment structure under the
limiting design-basis accident conditions.
DCD

Table

6.2.1-24

lists

the

initial

conditions for containment peak pressure analyses.

An

RAI was issued to ascertain whether the initial and
boundary conditions were conservatively chosen to
maximize the peak calculated containment atmospheric
pressure and temperature.
After reviewing the RAI response, the
staff

further

inquired

about

why

no

instrument

uncertainty was applied for additional conservatism to
the initial containment atmosphere temperature of 120
degrees Fahrenheit that is chosen from the temperature
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limiting condition of operation or LCO in the tech
specs.
The applicant made two arguments in the
supplemental

response

to

justify

not

using

any

instrument uncertainty in the initial temperature
condition.

One was that the NRC regulation 10 CFR

50.36 defines the limiting condition of operation or
LCO as the lowest functional capability or performance
levels of equipment required for safe operation of the
facility.
Secondly, the SECY paper 11-0014 states
that LCO limits shall be used for the bounding values
as the initial conditions for containment accident
analysis.
So

the

applicant

concluded

that

an

additional conservatism due to instrument uncertainty
is not warranted.
The staff fact-checked both the statements
in the respective documents and found it acceptable
that

no

instrument

uncertainty

is

added

to

the

temperature LCO limit for the containment initial
temperature condition.
closed.

Therefore, the open item is

Next slide.
The

next

open

item

belonged

to

the
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containment

backpressure

applicant to be

that

is

assumed

by

the

constant 58 psia throughout the

reflood phase of the design-basis LOCA mass energy
release

analysis,

following

determination

of

the

critical flow.
An RAI was issued to understand the basis
for selecting this pressure for input to the FLOOD3
code

and

whether

an

even

lower

value

of

the

containment backpressure would be more conservative
from the mass and energy release perspective during
the reflood phase.
The
boundary

staff

condition

needed
was

to

chosen

confirm
to

that

yield

the
the

conservative mass and energy release and higher peak
containment

atmosphere

pressure

and

temperature.

Again, the objective was to ensure conservatism in the
design

of

reactor

containment

structure

and

containment heating water systems under the limiting
design basis accident conditions.
The applicant responded that 58 psia value
is selected as it is lower than the calculated
containment pressure between the end of blowdown or
EOB and when the containment peak pressure is reached.
The applicant submitted the peak, minimum,
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and EOB pressure values for a big spectrum analyzed
for a range of safety injection conditions using two
different

computer

determined

that

codes.

the

lowest

However,

the

containment

staff

pressure

showing up in the submitted data is actually 57.157
psia, which is not that far from 58, but it is still
lower than 58 psia used for the limiting DBA.
So the applicant was asked to submit a
supplemental RAI response to justify not using a more
conservative say 57 psia containment backpressure.
The issue is being raised as an open item.
MEMBER KIRCHNER:
interesting.

Could you -- this is

So you have 1 psia difference and,

therefore, instructions were back to the applicant to
use that lower value and I understand that.

But what

kind of certainty do you think is on these results?
MR. HAIDER:

It may not be a whole lot but

for the sake of completion -- completeness.
MEMBER KIRCHNER:

No, I don't argue with

your logic but I would just for a perspective during
the peaks, but what do you think the uncertainty is on
that 58 psi or 57.157?
MR. HAIDER:

See the difference between 58

and 57 would affect the mass and energy release.
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MEMBER KIRCHNER:
MR. HAIDER:

Yes.

The mass and energy would

impact the containment peak pressure.

Of course, it

would not be a whole lot, I mean if you asked for the
engineering.
MEMBER KIRCHNER:

Well, I didn't express

what fundamental issue I'm asking -- 57.157, that's a
degree of precision that probably would be masked by
your knowledge of previous slides, the heat transfer
coefficient, the surface area in play, et cetera.

So

I'm just struck by that precision, five significant
figures.
So what kind of uncertainty do you have -what's

an

unexpected

uncertainty

range

for

these

numbers?
MR. HAIDER:

See I might have presented

that number directly copying from the RAI but I would
not expect more than a couple of percent.
MEMBER KIRCHNER:
MR. HAIDER:

Okay.

But again, the objective was

completeness.
MEMBER KIRCHNER:
MEMBER CORRADINI:
question differently.

Okay, thank you.
So let me ask Walt's
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So you wanted to make darn sure it was
conservative.

So 57 is more conservative than 58,

given where the calculation ended up.

That's kind of

what I heard you say.
MR. HAIDER:

Yes.

MEMBER CORRADINI:

Okay.

But it probably

is not going to make a heck of a lot of difference in
the bypass flow for backpressure or whatever.
But I wanted to make sure I understood
your thinking process.
MR. HAIDER:

Sure.

MEMBER REMPE:

Sure, that's right.

Would it have been better,

knowing the uncertainty to just say 57?

Did you

really ask them to use 57.01 -- oh, they told them to
use 57.

Okay.
MR. HAIDER:

The sixth open item is due to

the GDC 50 requirement in the SRP guidance that
containment

design-basis

calculations

should

be

performed for a spectrum of postulated break sizes,
break locations, and single failures for determining
the most severe design-basis LOCA.
The APR1400 DCD identified a double-ended
discharge leg slot break with maximum safety injection
flow as the limiting case of the mass and energy
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release that led to the most severe DBA LCOA with peak
calculated containment pressure.
However, the staff noticed that all breaks
analyzed for APR1400 DCD are double-ended slot-type
and no double-ended limiting breaks were analyzed.
The staff also found that the double-ended
hot leg slot break was just assumed to be the limiting
break size for a hot leg break LOCA when no hot leg
slot break spectrum analysis was performed either.
MEMBER BALLINGER:

Just to make sure, this

is for LOCA analysis or equipment qualification?
MR.
LOCA

analysis.

HAIDER:

This

is

for

the

The staff is trying to ensure that

the whole range of possible break spectrum.
MEMBER BALLINGER:

Oh, I'm sorry.

I

wasn't sure.
MR. HAIDER:

So the staff also found that

the double-ended hot leg break was just assumed to be
the limiting break size for a hot leg break LOCA while
no hot leg slot break spectrum analysis was performed.
An RAI was issued to ask the applicant to
address the gaps in the break spectrum analysis, as
double-ended guillotine break and hot leg slot break
spectrum were not analyzed for the mass and energy
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release

in

the

subsequent

containment

response

analyses.
In the initial response, the applicant
presented analysis for two smaller break sizes that
are 60 percent and 80 percent of the double-ended hot
leg slot breaks.

The staff emphasized that the break

spectrum should include even smaller hot leg breaks to
rule

out

any

smaller

break

sizes

as

being

more

limiting.
CHAIRMAN SUNSERI:
this is my naiveness here.
MR. HAIDER:

Just one question and

What is a slot break?

A slot break would be if you

have a pipe and the double-ended guillotine break
would be thick.

And now you have double-ended -- now

you have area of circumference multiplied by two.
But if you impose that area as a slot,
such that the liquid, the fluid can still interact,
then it would be considered a slot break and it would
be called -- if it's area is exactly double-ended
guillotine, it will be called double-ended slot break.
CHAIRMAN SUNSERI:

Okay.

So I guess my

old slang would have been calling that a fish mouth
break or something, right?
MR. HAIDER:

Yes.
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CHAIRMAN SUNSERI:
MR. HAIDER:

Okay, got it.

Thanks.

So in the supplemental RAI

response, the applicant provided tables and figures of
additional analyses supporting their conclusions.
The newly calculated double-ended hot leg
guillotine break blowdown mass and energy release data
in the exerting peak pressure were compared with those
of the double-ended hot leg slot break case of APR1400
DCD.
The comparison shows that for the hot leg,
even though the guillotine break turns out to be more
severe than the double-ended slot break, the resulting
peak pressure is still less than that of the limiting
LOCA case, which is the double-ended discharge leg
slot

break

with

maximum

safety

injection

flow

analysis,

they

documented in the DCD.
Essentially,

from

this

still found that the limiting break that is documented
in the DCD is still the limiting break.
The RAI response also compared the newly
calculated

blowdown

mass

and

energy

data

of

the

double-ended discharge leg guillotine break with the
limiting double-ended discharge leg slot break case
documented in the DCD, which showed that the double-
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ended discharge leg slot break is more severe than the
double-ended discharge leg guillotine break case and
it is still limiting.

So the DCD is still holding.

MEMBER CORRADINI:

So let me ask the

question a bit different.
So you wanted it -- as I understand your
description, you wanted to make sure they scanned the
break area spectrum enough that they were finding the
maximum in peak clad temperature.
MR. HAIDER:

That's right.

MEMBER CORRADINI:
MR. HAIDER:

Have I got this right?

That's right.

MEMBER CORRADINI:

So my first question is

I guess I was expecting to hear all this discussion in
Chapter 15 and not here.

How did it get pulled here?

Because it's being then used for mass and energy for
the -- okay.
MR. HAIDER:

That's right.

It's the mass

and energy -MEMBER CORRADINI:

So these calculations

are consistently being used for the LOCA analysis, as
well as for the mass and energy release analysis.
MR. HAIDER:

I cannot speak for Chapter 15

but it will be in Chapter 15.
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MEMBER CORRADINI:

Okay.

maybe I turn to the applicant.

Okay but then

Am I interpreting

right that you are using the same consistent set of
analyses between Chapter 15 and for the mass and
energy?

You see where I'm coming from?
MR.

KEPCO E&C.

S.

PARK:

I

am

S.J.

Park

from

I think the P/T (phonetic) analysis and

the M&E analysis is not the same.
MEMBER CORRADINI:
MR. S. PARK:

Not the same.

Yes.

MEMBER CORRADINI:

Okay.

All right, so

this analysis as we are looking at it here is strictly
for mass and energy release, equipment qualification
and we would see a different analysis in Chapter 15?
Okay.

All right, sorry.

I just wanted to

make sure I understood if there was a connection.

But

thank you.
MR. HAIDER:

Okay.

As I said earlier, the

main purpose of this RAI was to fill the gaps that the
staff found in the break spectrum analysis.
MEMBER CORRADINI:
MR. HAIDER:

Thank you.

The applicant also submitted

additional analysis of a smaller hot leg slot breaks
to ensure that the mass and energy release and the

272

peak containment pressure results for six discharge
leg slot break cases from 80 percent through 5 percent
of the double-ended area.

So they went from 80

percent to 5 percent.
And the results show a monotonous decrease
in the predicted containment peak pressure with the
reduction in the break area.

So the staff accepts the

double-ended hot leg slot break is most conservative
across the possible hot leg slot break spectrum.
Finally,

the

staff

concludes

that

sufficient detail have been provided on the mass and
energy release and containment peak pressure analyses
and accepts that the DCD conclusion that the doubleended discharge leg slot break is the limiting LOCA
case for the APR1400 design holes.
So DCD and TeR are revised and the open
item has been changed to confirmatory item.

Next

slide.
The seventh open item pertains to the
staff

questions

about

the

spillage

and

the

applicability of the computer codes for modeling the
LOCA mass and energy release.
The staff essentially asked the applicant
to

clarify

how

the

spillage

was

modeled

in

the
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containment mass and energy release in order to align
it with the values used in the licensing basis and
confirmatory

calculations.

Transient

data

were

provided in the DCD for many of the mass and energy
release components but spillage data were listed as
single integral line item.
The staff requested the transient spillage
data in order to determine if there was any impact
resulting

from

spillage

or

on

a

more

discrete

timescale.
When the staff was looking for sources of
discrepancies

between

the

licensing

basis

and

confirmatory calculations, spillage was identified as
an area to look into.

And there was another reason

for asking the question and that was for completeness
of the DCD in the past several other applications have
provided the spillage data in the transient form.
The staff also needed to establish whether
the computer codes CEFLASH-4A and FLOOD3 used for
modeling

the

mass

and

energy

release

during

the

blowdown and the reflood phases of the LOCA have been
validated

and

approved

injection.
Next slide.

to

model

DVI-type

safety
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In the supplemental RAI response, the
applicant provided transient mass energy release data
for the spillage by integrating the transient spill
data the staff confirmed that it was well within one
percent of the aggregate spillage, which showed that
the spillage had already been accounted for.
The staff concludes that the correct mass
and energy is the input to the licensing basis and
confirmatory calculations.

The supplemental response

also revised DCD mass and energy release tables to
include the transient spillage data.

Both the DCD and

technical

to

report

will

be

revised

reflect

the

modified information.
The staff finds the applicant's response
to be acceptable.
Now coming to the applicability of the
computer

codes,

the

applicant

provided

the

information that LOCA blowdown transient with DVI
injection

is

analyzed

using

the

CEFLASH-4A

code

without any code model change.
Secondly, DVI injection in CEFLASH-4A is
using a nodalization and flow paths similar to other
regions in the vessel.
The effect of DVI-type injection during
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the LOCA blowdown phase is similar to the cold leg
type injection, with the exception that there is no
loss of one train of safety injection for DVI type
injection.
In the FLOOD3 code for the reflood phase,
safety

injection

condition

for

flow

the

is

reactor

modeled
vessel

as

a

boundary

annulus.

This

approach is similar to the one that was used in the
FLOOD-MOD2 code, which is the NRC approved version.
So
applicability

the
of

staff

the

concerns

computer

codes

about

the

have

been

resolved and the open item has been changed to a
confirmatory item.
Next slide.
The eighth open item evolved out of a
series of additional information that asked by the
acceptance criteria SRP Section 6.2.1.3.
The

slide

outlines

a

summary

of

miscellaneous questions issued as an RAI that asked
for the additional information that were not available
or could not be found in the DCD or the mass and
energy release technical report.
One was the description of the long-term
cooling or post-reflood model that was missing.

The
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RAI also asked for a justification of the methods used
to calculate the core inlet and exit flow rates and
removal of the sensible heat from primary system metal
surfaces and the steam generators.
A description of the liquid entrainment
correlations was also asked for fluid leaving the core
and

entering

the

steam

generators

and

their

justification by comparison with experimental data.
The RAI also indicated that no information
was found about the steam quenching by ECCS water or
the applicable experimental data, or whether and how
all the remaining stored energy in the primary and
secondary systems would be removed during the postreflood phase.
The RAI also asked for information to
compare the results of post-reflood analytical models
of any applicable experimental data.
The RAI also inquired about whether the
use of the GOTHIC code for decay heat phase mass and
energy release analysis can be considered appropriate
for this application.
This

slide

captures

a

summary

of

the

information provided by the applicant in the RAI
response.

It showed that the post-reflood transient
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is treated as a continuation of the reflood transient.
All modeling assumptions and methods are identical,
except that the carry out rate fraction for liquid
entrainment calculations.

It's changed from 0.8 for

reflood to 1.0 for post-reflood.
The staff agrees that the CRF value of 1.0
is conservative as it would increase the system flow
rate and maximize the break flow during the postreflood period.
And the assumption of steam quenching and
description of removal of remaining stored energy in
the primary and secondary systems are identical to
that of the reflood period.
The staff accepts that not taking credit
for condensation after the turndown to low safety
injection tank flow during post-reflood period was
conservative.
The staff also accepted the mass release
calculations for using FLOOD3 reflood/post-reflood
periods are conservative as the flow resistances were
minimized.
The response also provides details of the
lumped-parameter GOTHIC model for the RCS used to
calculate the mass and energy release through the
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break during the decay heat phase.
It also stated that GOTHIC used for mass
and energy release calculation during the post-reflood
decay heat phase was previously approved by the NRC
for the Dominion Power Plant in their containment
analysis

methodology,

which

the

staff

found

acceptable.
And the staff concludes that the applicant
has provided sufficient information in the supplement
revised RAI responses acceptable.

The open item is

closed.
The open item number 9 and then the staff
issued an RAI to obtain additional information on the
initial bounding condition for the main steam line
break analysis.

This was in accordance with the GDC

50 requirement that the reactor containment structure
and

the

designed

associated
with

heat

sufficient

removal
margin

system
to

shall

accommodate

be
a

limiting design basis accident conditions.
Essentially, the limiting single failure
MSLB analysis is based on minimizing the rate of heat
removal

from

the

containment

atmosphere.

That

required analyzing containment spray system and main
steam isolation valve single failures.

The second
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objective was the flow of saturated and superheated
steam out of the break needs to be maximized, which
could be based on any one of the several possible
single failures, including the failure of condensate
booster pump to trip or feedwater regulating valve to
close.
The staff needed to determine whether the
feedwater regulating valve single failure was examined
by the applicant.
regulating

valve

During the time the feedwater
takes

to

shut

the

flow,

a

considerable amount of feedwater may enter the steam
generator and gain heat from the hot parameter site.
The

resulting

additional

steam

would

enter

the

containment to further increase the containment peak
pressure and especially the peak temperature.
So basically, the applicant needed to
demonstrate that the current limiting MSLB analysis is
bounding for all possible single failures.
The response provided a supplemental table
of several other single failures of the safety and
electrical
qualitative
additional

system

components,

evaluations
single

to

failures

as
show

would

well

as

their

a

variety

not

affect

of
the

current bounding MSLB analysis the DMSIV as the most
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severe single failure.
The

supplemental

table

fills

the

information gap in the DCD on other possible single
failures and is added to the technical report.

For

example, the first line item I recall from the table
is that why you did not consider these failures of
main feedwater isolation valve for the qualitative
evaluations said because there are two and if one
fails, the other one is still available so it won't
affect the single failure consequences.
DCD Tier 2, Section 6.2.1.4.4, Description
of Blowdown Model and Table 6.2.1-20 are also revised
for clarity regarding the initial conditions of the
limiting MSLB and that the maximum feedwater enthalpy
is assumed and the maximum feedwater flow is delivered
to the affected steam generator in the main steam line
break analysis.
MEMBER CORRADINI:

Can I -- I'm trying to

-- I'm kind of back one slide but you don't have go
back.
MR. HAIDER:

Sure.

MEMBER CORRADINI:

But the intent of this

is to look for the limiting break, which challenges
the containment spray or challenges the performance of
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the containment -- that the containment spray has to
be measured against.
MR.

HAIDER:

If

the

limiting

single

failure for the MSLB, the limiting single failure for
the -- the limiting single failure for the main steam
line break analysis.
MEMBER CORRADINI:
MR. HAIDER:

Okay.

So they have found that it is

the failure of a main steam line isolation valve,
which is they found to be the single failure.
MEMBER CORRADINI:
MR. HAIDER:

Right.

But they did not show how

they concluded that the other single failures -MEMBER CORRADINI:
MR. HAIDER:
or bounding.

Okay.

-- could not be the limiting

So they provided a supplemental table -MEMBER CORRADINI:
MR. HAIDER:

Okay.

-- with additional possible

single failures and their qualitative evaluation as to
why they could not be the limiting single failure.

An

MFIV failure it turns out, it still turns out to be
the limiting single failure.
So the staff found that the supplemental
information is adequate and accepts that the current
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limiting MSLB analysis is bounding for all possible
single failures.

So DCD and TeR, technical report are

revised and open item is changed to confirmatory item.
And now we come to the last open item that
pertains to the SGN-III computer code that is used for
the APR1400 secondary system pipe break mass and
energy release analysis.

APR1400 DCD and mass and

energy release technical report do not comment on the
acceptability of the SGN-III code for the APR1400
application.
So

an

RAI

was

issued

to

request

the

documentation on whether the SGN-III computer code has
been evaluated against pertinent experimental data.
The

applicant's

response

provided

information that showed that the SGN-III was validated
against pertinent experimental data, as documented in
System

80

Combustion

Engineering

Analysis Report Appendix 6B.

Standard

Safety

It's detailed reference

is included in the APR1400 DCD SER for Chapter 6.
The response also provided the validation
details of the SNG-III code prediction against the
test data from four different test facilities.

The

staff found that use of a steam separation rate
multiplier

of

2.5

in

the

methodology

to

be
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conservatively predicting the extent of the two-phase
swell reaching the steam generator nozzles following
the break for all four data sets.

So 2.5 could

explain -- could support the liquid, the two-phase
swell reaching the steam generator nozzles.
The implication is that the applicant's
response addresses the key issue whether or not the
swell is sufficient for the two-phase level to reach
and stay at the steam generator nozzles throughout the
transient, due to depressurization to maximize mass
and energy release during the mass and MSLB.
So the applicant also showed that SGN-II
was approved by NRC for analyzing the MSLB accident
for this the combustion engineering type nuclear power
plants.

The acceptability of the SGN-III code for

this application is explained and documented in the
System 80 safety analysis report.
DCD

and

technical

reports

are

appropriately revised and open item has been changed
to confirmatory item.
This
presentation.

concludes

my

part

of

the

I would like to thank the committee and

would like to ask if there are any other questions
that the staff could address.
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CHAIRMAN SUNSERI:

Members?

Well, thank

you, Dr. Haider.
All right, one more presenter.

Is that

right?
MS. UMANA:
but not least.

Yes.

We have Raj Goel, last

Thank you for being patient.

And he's

going to be presenting on Section 6.2.4, Containment
Isolation

System

and

Section

6.2.6,

Containment

Leakage Testing.
MR. GOEL:

Hi, my name is Raj Goel and I

reviewed containment isolation system and containment
leakage testing of APR.

And I'm sorry I did not

prepare a lot of slides but you can get this -CHAIRMAN SUNSERI:
MR. GOEL:

Don't apologize.

Containment isolation system is

designed to allow free flow of normal or emergencyrelated fluids through the containment boundary in
support of reactor operations but establishes and
preserves the containment boundary integrity.
The criteria for isolation requirements
and associated systems are set forth in GDC 1, 2, 4,
16, 54, 55, 56, and 57 of Appendix A to 10 CFR 50 and
TMI-related requirements of 10 CFR 50.34(f)(2) and
station blackout requirement of 10 CFR 50.63(a)(2).
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The

staff

used

acceptance

criteria

described in SRP Section 6.2.4 and guidance described
in Reg Guide 1.141, which endorses ANSI N271-1976,
which is Containment Isolation Provisions for Fluid
Systems.
The

containment

penetration

barriers

consisting of flange closure, personnel airlock and
equipment hatch are under administrative control.
Review of DCD Section 6.2.4 resulted in
several questions and clarifications such as why all
penetrations are not included and the numbers are not
included in DCD Table, justify system with single
valve isolation, and some other basis.

And where it

fail-as-is position of CIV upon loss of power, design
requirements of relief valve used as CIV, all power
operated CIVs have position indication in control
room, provision of vent and drain connection for leak
testing of isolation valves.
And there are five open items, four of
which

have

been

reviewed

since

and

have

found

acceptable.
And there is one open item remaining,
which is regarding the length of pipe showing the CIV
outside

containment

located

as

close

to

it

as
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practical as required by GDC 55, 56, and 57.
And

this

requires

response

from

the

applicant and it's not yet received.
Containment leakage testing addresses the
leakage rate testing program for reactor containment.
It is designed to 10 CFR 50 requirements of GDC 52,
53, 54 of Appendix A that require that the reactor
containment vessel and piping system and penetration
the containment be designed to accommodate periodic
leakage rate testing.
Appendix

J

specifies

leakage

testing

requirements for the containment, its penetration, and
isolation valves (Type A, B and C tests.)
A review of DECD Section 6.2.6 resulted in
ten questions. The staff has evaluated the applicant's
response to these questions and found it acceptable.
There are no open items.
The staff concluded that Type A, B and C
tests are conducted in accordance with 10 CFR 50
Appendix J, Option B, with guidance from Reg Guide
1.163.
Testing intervals and requirements are
based on NEI 94-01 and NASI/ANS-56.8-1994, as modified
and endorsed by Reg Guide 1.163.
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Containment Leakage Rate Testing program
and requirements and acceptance criteria are, as in
the technical specification program.
The

staff

finds

that

the

containment

leakage testing meets the applicable requirements
specified by 10 CFR 50, Appendix J Option B, and GDC
52, 53, and 54 of Appendix A.
MS. UMANA:

That's it. 6.2.4 and 6.2.6.

CHAIRMAN SUNSERI:

All right.

Thank you

for that concise presentation.
Any questions from the members?
MEMBER KIRCHNER:

Just a quick question.

So which piping systems did you find as questionable
with regard to criterion 54?
one.

I think that's the right

You want the isolation valves as close to the

containment, physical containment as possible.
MR. GOEL:

They have had this initially in

the DCD table and when I answered that why an ITAAC is
in there, then they took that distance from the table
out and they say it would be it really done an
analysis and we don't have the distance.
MEMBER

KIRCHNER:

So

what

expectations, though, for those distances?
rule of thumb that you use?

are

your

Is there a

288

MR. GOEL:

They had these and we want to

find maximum distance so that they had there earlier.
They should provide it so that we can look at it and
say they are reasonable, close to as possible.
MEMBER KIRCHNER:

So your reasonable test,

though, is something like length to diameter ratio
being less than -- I'll make up a number -- two.
MR. GOEL:

Yes.

MEMBER KIRCHNER:

I just made that up.

I

don't know what the real -- what you used as a
criterion.
MR. GOEL:

The feeling is that they would

have to be at least, their length -- one is distance
for diameter and then they should be able to leak test
both walls, so there has to be other isolation valves
that leak.
MEMBER KIRCHNER:
able

to

physically

examine

Sure, you want to be
welds,

et

cetera

and

flanges for the valves.
MR. GOEL:

Yes, sir.

MEMBER KIRCHNER:

But is there some rule

of thumb that you use for this appropriate distance,
close as -- I hate to use this, close as reasonably
achievable.
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So what is your metric for this gray area,
how far out you go with a piece of pipe from the
containment?
MR. GOEL:

They have some criteria that

based why they selected and interference with others.
We have to have some distance in the table
so that we can look at it and see.
MEMBER KIRCHNER:

Sure, you want a visual

inspection.
MR. GOEL:

And they can change it later

on.
MEMBER KIRCHNER:

Okay, thank you.

I just

was curious.
CHAIRMAN SUNSERI:
of

any

rule

of

thumb

of

Yes, well I don't know

determining

that.

My

experience from hanging around plants for 35 years is
there is usually a mechanical penetration room where
they lock them all in there, however big that whole
room is.
MEMBER KIRCHNER:
MR. GOEL:

Thank you.

I agree that it may not be in

ITAAC but has to be in table so that it can -MEMBER
something up.

KIRCHNER:

But

just

I'll

make

Say you have a two-inch Schedule 80
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pipe

penetration.

How

far

will

you

expect

the

isolation valve to be from the containment, physical
containment itself?
MR. GOEL:

I would have to look at it that

length and diameter and the other.
MEMBER KIRCHNER:
CHAIRMAN SUNSERI:

Okay, thank you.
Any other questions

from other members?
All right, so we're at the end of the day.
We've been monitoring the phone line and there have
not been anybody calling in but, nonetheless, at this
point, we are going to open the phone lines and ask
for public comments or questions.
If there is anyone on the phone line, this
is your opportunity to make a comment or provide a
statement.
All right, there's no comments there.

So

we're going to close the phone line and we'll go to
the room now.
Any members in the room who would like to
make a comment or a statement?

I don't see any

response.
So, we'll go around the table now for
final member comments.

Joy?
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MEMBER REMPE:

Again, I appreciate the

efforts and presentations by the staff, as well as
KHNP.
This is, I think, Section 6 is an example
of a section where it depends on some results, the
open items of prior sections.

And perhaps when we do

Chapters 15 and 19 it will be effective -- or have
some effect on what we say about this section.
And
certifications,
letter.

I

know

that

has

in

some

been

prior

design

acknowledged

in

a

And I think this is an example of where you

might want to consider it.
CHAIRMAN SUNSERI:

Very good.

All right,

thank you.
Charlie?
MEMBER BROWN:

No additional comments.

CHAIRMAN SUNSERI:
MEMBER
presenters.

KIRCHNER:

Walt?
Thank

you

to

the

No comment.
CHAIRMAN SUNSERI:

John?

MEMBER STETKAR:

Nothing more other than

saying thank you very much.

We covered an awful lot

of material today.
CHAIRMAN SUNSERI:

Ron?
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MEMBER BALLINGER:

Yes, I expect everybody

running the Boston Marathon next time because this was
one heck of a marathon session.

We thank you very

much.
CHAIRMAN SUNSERI:

Mike, any comments?

MEMBER CORRADINI:

No, I just wanted to

thank -- I ran to thank one of the staff that ran out.
I just want to thank the staff and the applicants.
It was quite good.

We asked a lot of questions or we

had a lot of action items.
Or maybe I can use that word.

We had a

lot of questions that we would be looking forward to
answers.
CHAIRMAN SUNSERI:

All right, thank you.

Dana?
MEMBER POWERS:

Thanks.

I especially

appreciated the justifications where the staff had
done independent calculations with their own code and
got

things

that

were

reasonably

confirmatory

and

identified things as well.
I think there was a particularly powerful
steps by the staff to take and I would not fault you
for highlighting that more in future presentations.
CHAIRMAN SUNSERI:

Thanks.
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Dick?
MEMBER SKILLMAN:
presenters, thank you.

To the staff and to the

Thank you.

CHAIRMAN SUNSERI:
members'

sentiments

presentations
applicant.

today

on
both

So I would echo the

the
by

quality
the

staff

of

the

and

the

The patience that everyone showed with the

schedule changes to fit everything in and also the
good

response,

very

good

responsiveness

to

the

members' questions and comments.
So thank you all.

And with that, we are

adjourned.
(Whereupon, the above-entitled matter went
off the record at 5:08 p.m.)
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Overview of Chapter 6


Section Overview
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6.1.2 Protective Coatings and Organic Materials
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6.1.1 Metallic Materials


Materials Selection and Fabrications


ESF materials
• Compatible with core cooling coolants and containment spray solution
• ASME Section II material specifications with ASME Section III
• Applicable Regulations: RG 1.7, 1.31, 1.36, 1.44, 1.50, 1.71
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Composition and Compatibility of Core Cooling
Coolants and Containment Sprays


Controlled water chemistry
• Reactor coolant: Chemical and volume control system(CVCS)
• Containment spray water: Tri-sodium phosphate (TSP) in holdup volume
tank (HVT)



Material used inside containment
• Minimize corrosion and hydrogen generation resulting from contact with
spray solutions (e.g Aluminum and Zinc)
6

APR1400-E-N-EC-17004-NP

NON-PROPRIETARY

6.1.2 Protective Coatings and Organic Materials


Protective Coatings


Applicable Regulation and Standards:
• RG 1.54, ASTM D5144, D3843, D3911, and etc.




Classification: Service Level I, II and III Coatings
Quality Assurance and Maintenance:
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• 10 CFR 50 Appendix B, ASME NQA-1, and ASTM D3843
• 10 CFR 50.65, NRC Maintenance Rule


Organic Materials


Cable jackets:
• Chlorosulfonated polyethylene or polychloroprene



Cable insulations:
• Ethylene propylene rubber or cross-linked polyethylene



Reactor Coolant Pumps:
• Petroleum based oil lubricant
7
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6.2 Containment Systems
6.2.1 Containment Functional Design
6.2.2 Containment Heat Removal Systems
6.2.3 Secondary Containment (N/A)
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6.2.4 Containment Isolation System
6.2.5 Combustible Gas Control in Containment
6.2.6 Containment Leakage Testing
6.2.7 Fracture Prevention of Containment Pressure
Vessel

8
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6.2.1 Containment Functional Design


Regulatory Bases


M/E Analyses
• 10CFR Part 50 Appendix A, GDC 50
• NUREG-0800 (SRP 6.2.1.3, SRP 6.2.1.4)
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Containment & Subcompartments P/T Analyses
•
•
•
•
•



10CFR Part 50 Appendix A, GDC 4, 16, 38, 50
RG 1.206
NUREG-0800 (SRP 6.2.1.1, SRP 6.2.1.1.A, SRP 6.2.1.2)
ANSI/ANS 56.1 (Section 4, Appendices C and D)
ANSI/ANS 56.4 (Section 4, Appendix A)

Minimum Containment Pressure Analysis for Performance Capability
Studies of the ECCS
• 10CFR Part 50 Appendix K
• RG 1.157
• NUREG-0800 (SRP 6.2.1.5, SRP BTP 6-2)
9
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6.2.1 Containment Functional Design


M/E Release Analyses


Loss of Coolant Accident (6.2.1.3)
• Blowdown
• The blowdown period extends from time zero until the primary system is
essentially depressurized to the containment pressure.
• Code: CEFLASH-4A

• Refill
ACRS Meeting (Mar.22 , 2017)

• The SIS water refills the bottom of the reactor vessel to the bottom of the core.
• Refill period is conservatively omitted from the analysis.

• Reflood
• Reflood is assumed to end when the liquid level in the core is 2 feet (0.61
meter) below the top of the active core.
• Code: FLOOD3

10
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6.2.1 Containment Functional Design


M/E Release Analyses


Loss of Coolant Accident
• Post-Reflood
• Dominant process is the continued cooling of the steam generators by the SIS
water leaving the core.
• Code: FLOOD3
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• Decay Heat Period (Long-Term Cooling)
• Dominant mechanisms for release rates are the decay heat and the cooling of
all NSSS metal and coolant.
• Code: GOTHIC (Boil-off Model)

• Analyses Cases
• Double Ended Hot Leg Slot Break
• Double Ended Suction Leg Slot Break with Max. or Min. SI flow
• Double Ended Discharge Leg Slot Break with Max. or Min. SI flow
• Single Failure: One Emergency Diesel Generator Failure
11
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6.2.1 Containment Functional Design


M/E Release Analyses


Secondary Pipe Rupture
• Main Steam Line Break (MSLB) M/E Analysis Model
• Code: SGN III

• Analyses Cases
• Five Core Power Levels (102%, 75%, 50%, 20%, 0%)
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• Break Size Spectrum
• Single Failure Sensitivity (main steam isolation valve (MSIV) vs. containment
spray system)

• Main Feedwater Line Break (MFLB) is bounded by the MSLB
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6.2.1 Containment Functional Design


Containment P/T Analyses


GOTHIC Containment Model
• Break flow models (Drop model / T-Flash)
• Heat transfer models (Wall condensation / Natural convection)
• Conservative assumptions (Offsite power / Single failure)
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Analysis Results
• The containment is designed to have a minimum 10% of pressure
margin.
• Containment pressure is reduced and well maintained at less than 50%
of the peak pressure within 24 hours.
Pressure

Value

Design limit

Design Pressure

Margin

60 psig

Calculated Peak
Pressure

51.2 psig

≥ 10 %

Pressure at 24 hours

19.0 psig (37.1%)

≤ 50 %
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6.2.1 Containment Functional Design


Containment Subcompartments


Subcompartments Analysis Model
• Subcompartments for Steam generator, Pressurizer, Pressurizer
spray valve, Regenerative heat exchanger, Letdown heat exchanger
and valves
• High energy line breaks are postulated in each subcompartment.
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• Code: COMPARE-MOD1A


Analysis Results
• Design pressure of each subcompartment has more than 40% of
margin over the calculated peak differential pressure.
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6.2.1 Containment Functional Design


Minimum Containment Pressure Analysis for
Performance Capability Studies of the ECCS


Analysis Model

ACRS Meeting (Mar.22 , 2017)

• Minimum containment pressure analysis is performed by
CONTEMPT4/MOD5 based on the conservative manner described in
10CFR Part 50 Appendix K requirements.
• The Mass/Energy release data computed by RELAP5/MOD3.3/K and
containment pressure calculated by CONTEMPT4/MOD5 are
exchanged in every time step to evaluated the relevant ECCS
performance.


Analysis Results
• Containment pressure and temperature responses are presented in
Section 6.2.1.5.
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6.2.2 Containment Heat Removal System
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Functions of Containment Spray System


Containment pressure and temperature reduction following MSLB
or LOCA (6.2.2)



Fission products removal from containment atmosphere following
LOCA (6.5.2)

Configuration of Containment Spray System


Two 100 % capacity divisions



In each division, a containment spray(CS) pump, a CS heat
exchanger, a CS pump mini-flow heat exchanger, CS header, CS
nozzles, valves and associated I&C



An emergency containment spray backup system (ECSBS) for
severe accident management
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6.2.2 Containment Heat Removal System


Schematic Diagram for CS System (Division I)
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Interchangeable
design with SC pump

IRWST: In-containment Refueling Water Storage Tank
17
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6.2.4 Containment Isolation System


Configuration examples according to GDC requirements

GDC
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Inside
C

55

CTMT Outside
T
M
T

SCS

SIS

GDC

56

Inside CTMT Outside

CSS

GDC
Inside CTMT

SGBS

CCWS
(Letdown Hx)
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6.2.5 Combustible Gas Control in Containment


Function




Controls hydrogen concentration in containment and IRWST below
10% by volume during severe accident

Configuration


30 Passive Autocatalytic Recombiners(PARs)
in containment and inside the IRWST vent
stack
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• Self-actuated, no power supply and operator
action is needed.


8 Hydrogen Igniters (HIs)
• AC-powered glow plug
• Manual actuation in the MCR/RSR
• Non-class 1E, but supplied from Class 1E bus
with electrical isolation device to enhance the
reliability of HIs
• SBO: AAC generator supplies power.
• Non-class 1E dedicated DC battery for complete
loss of AC power
19
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6.2.6 Containment Leakage Testing


Introduction






Leakage testing requirements
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The reactor containment with penetrations and isolation barriers is designed to
permit periodic leakage rate test as required by GDC 52, 53 and 54.
APR1400 leakage rate testing program implements the performance-based
leakage testing requirements of 10CFR 50 Appendix J, Option B using the
specific methods and guidance provided in NEI 94-01 and ANSI/ANS 56.81994, as modified and endorsed by RG 1.163.
Applicable Code
• 10CFR Part 50, Appendix J, Option B
• RG 1.163
• NEI 94-01
• ANSI/ANS 56.8-1994



Acceptance Criteria
• Type A(Containment Integrated Leakage Rate Test): A leakage rate shall be less than
0.75 La.
• Type B & C(Containment Local Leakage Rate Test): A leakage rate shall be less than
0.6 La.
20
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6.2.7 Fracture Prevention of Containment Pressure Vessel


Ferritic materials identified in ASME Section III, Div. 2




Meets the fracture toughness criteria of ASME Section III, Div. 2,
Article CC2520

Ferritic materials identified in ASME Section III, Div. 1


Meets the fracture toughness criteria of ASME Section III, Div. 1,
Article NE 2300
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.
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6.3 Safety Injection System
6.3.1 Design Bases
6.3.2 System Design
6.3.3 Performance Evaluation
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6.3.4 Tests and Inspections
6.3.5 Instrumentation Requirements
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6.3.1 Design Bases
Compliance with Regulatory Requirements:
•

General Design Criteria 35-37 “Emergency Core Cooling”

•

10 CFR 50.46, “Acceptance criteria for ECCS for light water
nuclear power reactors”

•

Generic Safety Issue-191 and NRC RG 1.82
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6.3.1 Design Bases
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Emergency Core Cooling
Function
•

Inject borated water into the
Reactor Coolant System (RCS)
through Direct Vessel Injection
(DVI) nozzles to flood and cool
the core following a Loss-ofCoolant Accident (LOCA)

•

Provide removal of heat from the
core for extended periods of time
following a LOCA
IRWST

HVT

Safety Injection
Pump (4)
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6.3.1 Design Bases
Reactivity and Inventory Control
•

Inject borated water into the RCS to increase shutdown margin
following a rapid cooldown of the system due to a Main Steam
Line Break (MSLB)

•

Prevent boron precipitation in the RCS during long-term mode of
operation

•

Provide inventory makeup and boration for reactivity control during
a safe shutdown if necessary
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6.3.1 Design Bases


Feed-and-Bleed
Operation
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•

M

M

Bleed

POSRV

Provide feed flow for
feed-and-bleed operation
in conjunction with
pressurizer Pilot
Feed
Reactor
Coolant
Operated Safety Relief
Pump
DVI
Valves (POSRVs) to
remove core decay heat
Cold Leg
during beyond design From SG
basis event of a total loss
of feedwater (TLOFW) to
steam generators

Pressurizer
Steam
Generator

Hot Leg

Reactor
Core

Reactor
Vessel

To RCP

Safety
Injection
Tank

SCS
Safety
Injection
Pump
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6.3.2 System Design
4 independent trains
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6.3.2 System Design


Safety Injection Flow
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•

SI pumps provide reasonable assurance that the injected flow is
sufficient

Safety Injection Delivery
Curve (Minimum Flow)

28
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6.3.3 Performance Evaluation
SIS performance is evaluated by safety analysis
in DCD Chapter 15.
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6.3.4 Tests and Inspections


In-Service Test
•



ASME Section XI and OM(Operation and Maintenance)

Performance Test
NRC RG 1.79, 1.68
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•
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6.3.5 Instrumentation Requirements
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Automatic Safety Injection Actuation Signal is
actuated by
•

Low pressurizer pressure

•

High containment pressure

System monitoring parameters
•

SIT pressures and water level

•

SIP discharge pressure and flow rates

•

Valve positions
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6.4 Habitability Systems
6.4.1 Design Bases
6.4.2 System Design
6.4.3 System Operational Procedures
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6.4.4 Design Evaluation
6.4.5 Testing and Inspection
6.4.6 Instrumentation Requirement
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6.4.1 Design Bases
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Design Bases


Allow control room operators to remain in the CRE and take
actions to operate the plant safely under normal conditions, and
maintain it in a safe condition under abnormal conditions.



Meet requirements of RG 1.78, 1.196, 1.197, and GDC 19.



Maintain conditions that are comfortable for plant personnel and
provide reasonable assurance for the MCR equipment function



Protect plant personnel in the CRE from followings:
• Exposure to potentially airborne radioactivity in the outside atmosphere
• Exposure to potentially toxic chemicals that are postulated to be
released near the plant site
• Effects of high-energy line breaks in the surrounding plant areas
• Smoke from an onsite fire

33
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6.4.2 System Design


Control Room Envelope (CRE)


CRE is located at elevation 156 ft (47.55 m) and 174 ft (53.00 m)
in the auxiliary building.



The CRE volume except the HVAC equipment rooms is
approximately 200,000 ft3 (5,663 m3).



The CRE includes following areas:
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• Main control room (MCR)
• Technical support center (TSC)
• Meeting room
• Computer room
• HVAC equipment rooms
• Kitchen and dining room
• Toilets
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6.4.3 System Operational Procedures
Control room HVAC system flow diagram in
emergency mode
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6.4.4 Design Evaluations


Radiological Protection


Shielding design to mitigate the effects of direct exposure to MCR
personnel
• The radiation sources, which may result in exposure to control room
personnel, are considered based on the RG 1.183.



Total radiation exposures to MCR personnel
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• Design Criteria: GDC 19, RG 1.183
• The analysis results show the exposure to the MCR personnel does not
exceed the occupational dose limit of 50 mSv specified in GDC 19.
Design Basis Accident
SLB

1% F.F
PIS
GIS

FWLB
RCP rotor seizure
CTMT leakage
CEA Ejection
SS release

TEDE
(mSv)
35.8
21
22.2
19.8
22.8
35.4
29.1
36

Design Basis Accident
LDLB
SGTR

PIS
GIS
LOCA
FHA
Occupational Dose limit
: 50 mSv TEDE

APR1400-E-N-EC-17004-NP

TEDE
(mSv)
19.5
20.2
19.6
46.9
8.55
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6.4.4 Design Evaluations
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Toxic Gas Protection


The control room habitability following the accidental release of
toxic chemicals is evaluated in accordance with RG 1.78 and
NUREG-0570.



The toxic gas analysis results show that the release of toxic gases
do not affect MCR habitability.



Adequate self-contained breathing apparatus are available inside
the CRE to prepare for emergency situation due to toxic gases.
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6.4.5 Testing and Inspection
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Testing and Inspection


Preoperational test and In-service test are performed to provide
reasonable assurance that system and component capabilities are
achieved and maintained.



Periodic testing to confirm the CRE integrity is performed using
test methods and at test frequencies in accordance with RG 1.197.



The air in-leakage test of the CRE boundary is performed in
accordance with ASTM E741.
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6.4.6 Instrumentation Requirement
Instrumentation Requirement


Two redundant radiation monitors are installed in each of two
outside air intakes to annunciate high radiation alarms and to
initiate CREVAS.



Instrumentation for the control room emergency makeup ACU is
designed to meet the requirements of ASME AG-1 and RG 1.52.

ACRS Meeting (Mar.22 , 2017)
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6.5. Fission Product Removal and Control
Systems
6.5.1 Engineered Safety Feature Filter Systems
6.5.2 Containment Spray Systems

ACRS Meeting (Mar.22 , 2017)

6.5.3 Fission Product Control System
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6.5.1 ESF Filter Systems


Design Bases





ESF filter systems


ACRS Meeting (Mar.22 , 2017)

Mitigate the consequences of postulated accidents by filtering
radioactive particulates and iodine from the air.
Meet the requirements of RG 1.52, ASME N509, and ASME AG-1.
Control room emergency makeup air cleaning system (CREACS)
• Filters potential radioactive particulates and iodine from the outside makeup
air and a part of the return air.
• Limits the dose received by MCR personnel to be less than 50 mSV total
effective dose equivalent (TEDE) for the duration of the accident in
accordance with GDC 19.



Auxiliary building controlled area emergency exhaust system
(ABCAEES)
• Filters potential radioactive particulates and iodine from the exhaust air from
the mechanical penetration rooms and safety-related mechanical equipment
rooms.



Fuel handling area emergency exhaust system (FHAEES)
• Filters potential radioactive particulates and iodine from the exhaust air from
the fuel handling area.
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6.5.2 Containment Spray System


Design Evaluation


Containment Mixing Rate between the Sprayed and Unsprayed
Regions during post-LOCA
• Design Guidance: SRP 6.5.2
• Two unsprayed volumes per hour

ACRS Meeting (Mar.22 , 2017)



Containment Spray pH Control during post-LOCA
• The minimum pH values of the IRWST water : maintained above 7 for
30 days in LOCA condition



Airborne Fission Product Removal Coefficient
• Elemental iodine removal by containment spray: model in SRP 6.5.2
• Particulate iodine removal by containment spray: model in SRP 6.5.2
• Particulate (aerosol) removal by natural deposition: 10 percentile value
of the Powers model (NRC NUREG/CR-6189) built into RADTRAD 3.03
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6.5.3 Fission Product Control System


ACRS Meeting (Mar.22 , 2017)



The fission product leakage to the environment


Containment spray system: fission product removal function



Containment: leaktight pressure boundary

Containment leakage


In-service leakage testing program (DCD Subsection 6.2.6)



Radiological consequences following DBAs (DCD Chapter 15)
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6.6 Inservice Inspection of Class 2 and 3
Components
6.6.1 Components Subject to Examination
6.6.2 Accessibility
6.6.3 Examination Techniques and Procedures
ACRS Meeting (Mar.22 , 2017)

6.6.4 Inspection Intervals
6.6.5 Examination Categories and Requirements
6.6.6 Evaluation of Examination Results
6.6.7 System Pressure Test
6.6.8 Augmented ISI
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6.6 Inservice Inspection of Class 2 and 3


6.6.1 Component Subject to Examination






6.6.2 Accessibility


ACRS Meeting (Mar.22 , 2017)





ASME Sec. XI, IWA-1500 Provisions for accessibility
Design and Layout

6.6.3 Examination Techniques and Procedures





Class 2: ASME Sec. XI, IWC-2500
Class 3: ASME Sec. XI, IWD-2500
Exemption: ASME Sec. XI, IWC-1220 and IWD-1220

Examination techniques: Visual, Surface, and Volumetric
Techniques and procedures: ASME Sec. XI, IWC-2000 and IWD2000

6.6.4 Inspection Intervals



Class 2: ASME Sec. XI, IWC-2400
Class 3: ASME Sec. XI, IWD-2400
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6.6 Inservice Inspection of Class 2 and 3




ACRS Meeting (Mar.22 , 2017)





6.6.5 Examination Categories and Requirements
 Class 2: ASME Sec. XI, IWC-2500
 Class 3: ASME Sec. XI, IWD-2500
6.6.6 Evaluation of Examination Results
 Class 2: ASME Sec. XI, IWC-3000
 Class 3: ASME Sec. XI, IWD-3000
 Examination results: ASME Sec. XI, IWA-6000
6.6.7 System Pressure Test
 Class 2: ASME Sec. XI, IWC-5000
 Class 3: ASME Sec. XI, IWD-5000
6.6.8 Augmented ISI Protect against Postulated Piping Failure
 High-energy fluid system piping in containment penetration area
 High-energy piping starting at containment penetration anchor and
extending up to and including first anchor
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6.8 In-containment Water Storage System
6.8.1 Design Bases
6.8.2 System Design
6.8.3 Instrumentation
ACRS Meeting (Mar.22 , 2017)

6.8.4 Design Evaluation
6.8.5 Testing and Inspection

47

APR1400-E-N-EC-17004-NP

NON-PROPRIETARY

6.8.1 Design Bases


System Configuration and Functions

ACRS Meeting (Mar.22 , 2017)



In-containment refueling water storage tank (IRWST)
• Source of borated water for SI system when SI system is in a standby
mode during normal operating conditions
• Source of borated water for filling the refueling pool during refueling
operations
• Safety-grade source of borated water for CSS
• Primary heat sink for pilot-operated safety relief valve (POSRV)
discharges
• Source of water for CFS



Holdup volume tank (HVT)
• Water collection and storage functions during accident conditions



Cavity flooding system (CFS)
• Floods the reactor cavity in the event of a severe accident
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6.8.2 System Design
Flow path to IRWST Sump Strainers during LOCA

ACRS Meeting (Mar.22 , 2017)
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6.8.3 Instrumentation




Level


IRWST: four wide range level indication channels



HVT: one narrow and four wide range level indication channels



Reactor cavity: one narrow and four wide range level indication
channels

Temperature

ACRS Meeting (Mar.22 , 2017)





IRWST: four fluid temperature channels

Pressure


IRWST: four wide range pressure channels
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6.8.4 Design Evaluation


NPSHa for SI and CS Pumps


NPSHa = hatm + hstatic – hloss – hvapor



Containment Accident Pressure (CAP)
• T IRWST ≥ 212oF, hatm = hvapor

ACRS Meeting (Mar.22 , 2017)

• T IRWST < 212oF, hatm = initial containment pressure before LOCA
• In the evaluation of the NPSHa for SI and CS pumps, APR1400 design
credits the CAP for the IRWST temperature greater than or equal to
212oF with the assumption of that the CAP is equal to the IRWST liquid
vapor pressure.
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6.8.4 Design Evaluation


NPSHa for SI and CS Pumps


NPSHreff = (1+ uncertainty) NPSHr3%
• Uncertainty factors considered based on guidance in SECY-11-0014.
• 21% margin is applied for effects of uncertainty factors.
• NPSHreff for SIP and CSP will be verified through ASME QME-1.

ACRS Meeting (Mar.22 , 2017)

• NPSHreff calculation results



Pump

Flowrate (gpm)

NPSHr3% (ft-water)

NPSHreff (ft-water)

SI Pump

1,235

18.23

22

CS Pump

5,425

14.4

17.5

NPSH evaluation results (Minimum margin at high temperature)
Pump

NPSHa (ft-water) NPSHreff (ft-water)

Margin (ft-water)

SI Pump

23.73

22.0

1.73

CS Pump

20.50

17.5

3.00
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6.8.4 Design Evaluation


Hydrodynamic Loads and Pool Temperature


Analysis Model
• Hydrodynamic loads
• Empirical model that was applied to the System 80+

• Pool temperature
• Average pool temperature: using the analytical calculation

ACRS Meeting (Mar.22 , 2017)

• Local pool temperature: using the ANSYS-CFX code


Results
• Hydrodynamic loads
• Pressure load: 21.2 psid
• Bubble frequency: 4 Hz ~ 14 Hz

• Pool temperature
• The average / local pool temperatures maintain to be less than 200 ºF
(NUREG-0783)
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6.8.5 Testing and Inspection


ASME Section III Class 2 and 3 components
ASME Section XI and OM(Operation and Maintenance)

ACRS Meeting (Mar.22 , 2017)

•
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Summary
APR1400 Engineered Safety Features are designed to
meet the US regulatory requirements.



The containment integrity and the plant safety systems
are designed with the design margins to cover any
postulated accident condition.

ACRS Meeting (Mar.22 , 2017)
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Acronyms
AC

Alternating Current

DBA

Design Basis Accident

AAC

Alternate Alternating Current

DC

Direct Current

ABCAEES

ACRS Meeting (Mar.22 , 2017)

ACU

Auxiliary Building Controlled Area Eme DVI
rgency Exhaust System
ECCS
Air Cleaning Unit

Direct Vessel Injection
Emergency Core Cooling System
Emergency Containment Spray Backup S
ystem

CAP

Containment Accident Pressure

ECSBS

CCWS

Component cooling Water system

ESF

Engineered Safety Feature

CEA

Control Element Assembly

FHA

Fuel Handling Accident

CFS

Cavity Flooding System

FHAEES

CRE

Control Room Envelope

Fuel Handling Area Emergency Exhaust
System

FWLB
Control Room Emergency Air Cleaning
CREACS
FWS
System
Control Room Emergency Ventilation A GDC
CREVAS
ctuation System
GIS
CS
Containment Spray

Feed Water Lind Break
Feed water system
General Design Criteria
event-Generated Iodine Spike

CSS

Containment Spray System

HI

Hydrogen Ignitor

CTMT

Containment Building

HVT

holdup volume tank

CVCS

Chemical and Volume Control System

I&C

Instrumentation and Control
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Acronyms
In-containment Refueling Water Storage SC
Tank
SCS
LDLB
Let Down Line Break
SGBS
LOCA
Loss of Coolant Accident
SGTR
MCR
Main Control Room
SIP
MFLB
Main Feedwater Line Break
SIS
MSIV
Main Steam Isolation Valve
SIT
MSLB
Main Steam Line Break
SS
NPSH
Net Positive Suction Head
TEDE
PAR
Passive Autocatalytic Recombiner
TLOFW
PIS
Pre-accident Iodine Spike
TSC
POSRV Pilot Operated Safety Relief Valve
TSP
RCP
Reactor Coolant Pump

ACRS Meeting (Mar.22 , 2017)

IRWST

RCS

Reactor Coolant System

RSR

Remote Shutdown Room

SBO

Station Blackout

57

Shutdown Cooling
Shutdown Cooling System
Steam Generator Blowdown System
Steam Generator Tube Rupture
Safety Injection Pump
Safety Injection System
Safety Injection Tank
Steam System
Total Effective Dose Equivalent
Total Loss of Feedwater
Technical Support Center
Tri-Sodium Phosphate

APR1400-E-N-EC-17004-NP

Presentation to the ACRS
Subcommittee
Korea Hydro Nuclear Power Co., Ltd (KHNP)
APR1400 Design Certification Application Review
Safety Evaluation with Open Items: Chapter 6
ENGINEERED SAFETY FEATURES
MARCH 22 – 23, 2017

 Matt Thomas – DCD Section 6.3
 Michelle Hart and Nan Chien – DCD Sections 6.4, 6.5.1, 6.5.2, 6.5.3
 Boyce Travis and Greg Makar – DCD Sections 6.2.1.2, 6.2.1.5, 6.1.2,
6.2.2
 Syed Haider – Sections 6.2.1, 6.2.1.1, 6.2.1.3, 6.2.1.4
 Dan Widrevitz – DCD Sections 6.1.1, 6.2.7, 6.6
 Raj Goel and Anne-Marie Grady – DCD Sections 6.2.4, 6.2.5, 6.2.6

 Jeff Ciocco – Lead Project Manager
 Jessica Umaña – Chapter 6 Project Manager
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Staff Review Team

March 22-23, 2017
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SRP Section/Application Section
6.1.1

Engineered Safety Features Materials

6.1.2

Protective Coating Systems (Paints) - Organic Materials

6.2.1

Containment Functional Design

6.2.1.1

Containment Structure

6.2.1.2

Subcompartment Analysis

6.2.1.3

Mass and Energy Release Analysis for Postulated Loss-of-Coolant
Accidents (LOCAs)

March 22-23, 2017
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SRP Section/Application Section
6.2.1.4

Mass and Energy Release Analysis for Postulated Secondary
System Pipe Ruptures

6.2.1.5

Minimum Containment Pressure Analysis for Emergency Core
Cooling System Performance Capability Studies

6.2.2

Containment Heat Removal Systems

6.2.4

Containment Isolation System

6.2.5

Combustible Gas Control in Containment

6.2.6

Containment Leakage Testing

March 22-23, 2017
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SRP Section/Application Section
6.2.7

Fracture Prevention of Containment Pressure Boundary

6.3

Emergency Core Cooling System

6.4

Control Room Habitability System

6.5.1

ESF Atmosphere Cleanup Systems

6.5.2

Containment Spray as a Fission Product Cleanup System

March 22-23, 2017
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SRP Section/Application Section
6.5.3

Fission Product Control Systems and Structures

6.6

Inservice Inspection and Testing of Class 2 and 3 Components

March 22-23, 2017
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Section 6.3, Emergency Core Cooling
System/Safety Injection System
Matt Thomas

March 22-23, 2017

Chapter 6, Engineered Safety Features

8

Review Topics, Section 6.3
• Design Basis
•

Reviewed basis for which the SIS is designed

•

Reviewed accidents for which SIS is credited

• Core cooling to prevent fuel damage, post-accident decay heat removal, control of reactivity to
maintain core sub-criticality
• LOCA, SGTR, SLB, CEAE

• Functionality
•

Reviewed system design

•
•
•

Reviewed for redundancy, independency, and single failure considerations
Reviewed for adequate power sources
Reviewed actuation signals and set-points

•

Reviewed system functioning for different accidents

•

Reviewed component details and instrumentation and controls

•

Reviewed operational modes

• System descriptions, drawings, makeup of components, and arrangement

•

Automation and required actuation times/delays

•

Required pump flow rates and functionality down to the smallest break

•
•
•

Pump and SIT-FD design and operation
IRWST functionality and interface with SIS
Adequacy of instrumentation and control, RSR capability

•

Short term and long term

March 22-23, 2017
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Review Topics, Section 6.3
• Protection

•Reviewed for gas accumulation
SIFT and system vents

•Reviewed for minimum flow protection for SIPs and NPSH
•Reviewed for seismic classification
•Reviewed piping and valves
Pressure rating, relief valve capacities

•Reviewed design for harsh environment qualification considerations
•Reviewed failure modes and effects analysis
•Reviewed SIS location adequacy

• Testing, Tech Specs, and Surveillance Requirements
•Reviewed ITAAC
•Reviewed pre-operational tests
•Reviewed consideration for in-service testing
•Reviewed SIT-FD topical report full-scale testing
•Reviewed Tech Specs for technical adequacy

March 22-23, 2017
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Findings
• Design Basis
•

Found SIS to be appropriately designed for accident mitigation

• Designed to complete expected safety-functions of a typical LWR ECCS

• Functionality
•
•

Found system design to include all components necessary for safety injection
Found system to be reliably designed

•

Found safety injection actuation signals and set-points adequate

•

Found system function is applicable for range of accidents

•

Found SIS components and instrumentation and controls appropriate

•

Found operational modes appropriate

•
•
•

Adequacy of redundancy, independency, and appropriate consideration of single failure
Adequacy of physical separation
Appropriately powered by onsite, offsite, and emergency sources

•
•

Automatically actuated via independent signals
Delay times are appropriately used in the safety analysis

•
•

SIPs capable of providing required flow rates down to the smallest LOCA
SIT-FDs will inject only when RCS pressure is below setpoint

•
•
•

Necessary alarms, indication, and control in MCR and RSR
Appropriate pump and SIT-FD design and operation
Adequate IRWST functionality and interface with SIS

•

Short term and long term goals achieved for core cooling and core reactivity control

March 22-23, 2017

Chapter 6, Engineered Safety Features

11

Findings
• Protection

•Found protection against gas accumulation adequate
Appropriateness of Tech Specs and ITAAC

•Found minimum flow protection for SIPs appropriate and NPSH adequate
NPSH calculation considers appropriate worst case conditions

•Found seismic classification completed for SIS and appropriate
•Found piping, valves, and SIT-FD appropriately protected against over-pressure
•Found SIS design considers harsh environment qualification
To extent practical, components located outside containment

•Found failure modes and effects analysis acceptable

Single failure of mechanical, electrical, or I&C component will not affect more than one train of SIS

•Found SIS adequately located within seismic Category I building
Adequate protection against natural and external phenomena

• Testing, Tech Specs, and Surveillance Requirements
•Found ITAAC to be necessary and sufficient for SIS
•Found pre-operational tests necessary and sufficient for SIS
•Found in-service testing was addressed for SIS
•Found Tech Specs to be technically adequate
Boron recycling issue is still being addressed by applicant

March 22-23, 2017
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Conclusions
SIS is adequately designed

•Appropriate design bases
•Necessary redundancy and independency
•Appropriate consideration for gas accumulation
•Appropriate consideration for seismic classification
•Operational characteristics of SIPs and SIT-FDs adequate
•Safety analysis (Chapter 15 review) will ultimately show adequate
performance

Application includes appropriate ITAAC and Technical
Specifications
•Boron recycling issue still open

The SIS has been designed appropriately in the context
of emergency core cooling for a typical, large, lightwater reactor
March 22-23, 2017
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Section 6.4, Control Room Habitability
System
Section 6.5, Fission Product Removal
and Control Systems
Nan Chien
Michelle Hart

March 22-23, 2017
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Isolation dampers
Single failure criterion
Occupancy limitations



Radiation and toxic sources







Radiation shielding
CRE unfiltered inleakage
Input parameters to DBA analyses
Radiation protection
Technical support center (TSC) location, size, structure and habitability

March 22-23, 2017
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For duration of accident, intake dampers in both trains periodically re-open for brief interval to
measure radioactivity and select intake with less contaminated air



Control room and TSC dose analysis review discussed in more detail in SER Section 15.0.3

March 22-23, 2017
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Control Room Emergency Makeup Air Cleaning System (CREACS)
Auxiliary Building Controlled Area Emergency Exhaust System
Fuel Handling Area Emergency Exhaust System

March 22-23, 2017
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Particulate iodine spray removal
Elemental iodine deposition on wetted surfaces




TSP buffering
Iodine retention in IRWST

March 22-23, 2017
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Aerosol removal by natural processes

March 22-23, 2017
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Section 6.1.2, Protective Coatings and Organic Materials
Greg Makar
Section 6.2.1.2, Subcompartment Analysis
Boyce Travis
Section 6.2.1.5, Minimum Containment Pressure for ECCS
Performance
Boyce Travis
Section 6.2, Containment Heat Removal Systems
Greg Makar
March 22-23, 2017
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 Manage coatings in containment that do not conform to SL I requirements
 Describe the coatings program and provide implementation milestones
 Determine the amount of organic cable insulation and jacket material in
containment

March 22-23, 2017
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As part of response to resolve this question and others, applicant revised mass and energy
release, heat sink data, and other containment parameters
These revisions resulted in slightly higher containment pressure than was reflected in DCD
Section 6.2.1.5, revision 0

March 22-23, 2017
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Pressure (psia)
March 22-23, 2017
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Applicant assumed no spray below operating deck (~75% CNV volume above)

 Establish cleanliness and foreign materials exclusion (FME) program
 Implement procedures for administrative controls on materials with the potential to impact or



block the strainer
Evaluate impacts of maintenance and temporary changes
Establish a coatings monitoring program consistent with RG 1.54

March 22-23, 2017
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Also contains submerged spargers for POSRV relief
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MSLB and LOCA events analyzed
No fibrous insulation, so limiting break selection location (consistent with NEI 0407) based on area with highest quantity of RMI and potential coatings area
Staff reviewed design drawings, confirming that RCS hot leg is largest diameter
pipe and SG compartment contains highest volume of RMI and coatings
Material specific ZOIs (RMI, epoxy, inorganic zinc), consistent with NEI 04-07
Staff asked an RAI requesting information on other materials that could contain
consequential material, such as cables, that were not discussed
Applicant stated that cables do not contain fiber, and no other materials that
contain fiber are located within a ZOI. The FME program (COL item) would act to
restrict/control future material additions to containment
RMI assumed 25% small pieces, 75% pieces, consistent with NEI 04-07
100 ft2 of sacrificial area on strainer due to misc. debris (tags, tape, etc.)
Only fiber input is latent fiber, assumed value of 15 lbm, to be controlled by
containment cleanliness program (acceptance criteria added as result of RAI)

March 22-23, 2017
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Applicant conservatively assumes all debris reaches the containment floor, and
none is held up in inactive volumes
All non-RMI debris (particulate, fiber, misc.) conservatively assumed to reach the
strainer
Large RMI does not enter HVT due to trash rack/screens; smaller RMI assumed
to settle out in HVT or IRWST
This settling treatment was found appropriate by the staff in the context of:

• the relatively elevated strainer,
• the likelihood of debris settling in locations leading up to the IRWST, and
• a conservatively calculated approach velocity (all flow through a single strainer) which
remained lower than the settling velocity for fine RMI




Staff reviewed and audited post-accident upstream holdup analyses
Applicant used conservative assumptions (especially in the context of long-term
recirculation) that resulted in minimum water level of 4.75 ft. above IRWST floor

March 22-23, 2017
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Strainer head loss is based on all debris transport to the strainer; in practice, this
is limited by the latent fiber, with area reduced to account for coverage by
miscellaneous (tags, etc.) material
Staff witnessed first phase of testing performed by the applicant used as basis
for calculating the head loss term, and the observations made by staff regarding
debris preparation were accounted for during a second phase of testing
Applicant followed guidance in SECY-11-0014 in calculating NPSH required,
including uncertainty, for the ECCS pumps (17.5 ft-water for CS)
NPSH available includes credit for containment pressure up to the vapor
pressure of the IRWST fluid (so hatm = hvp when the IRWST T > 212 F)
hstatic conservatively calculated based on minimum available water under limiting
conditions (part of holdup analysis audited by the staff)
hloss a function of system characteristics, constant
Both confirmed by ITAAC to ensure as-built NPSHa > analysis assumptions
NPSHa – NPSHr = margin (3.0 ft-water for CS and 1.73 ft-water for SI)
In accordance with staff guidance, this margin is based on a collection of
conservatively assessed values in the equation above (inputs use design basis
limiting assumptions, not best-estimate values that would yield higher margins)

March 22-23, 2017
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Topical report of IRWST Sump Strainer and Trash Rack Structural Analysis
Regulatory audit of the design specifications of strainers.





RG 1.82
AISC N690-1994 & 2004
ASME Code Section III allowable stress requirements

March 22-23, 2017
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Pumps, valves, heat exchangers, orifices, spray nozzles, piping and instrument lines




100% latent debris
100% epoxy coatings




SI and CS pumps qualified by testing IAW ASME Standard QME-1-2007
Valves, heat exchangers, orifices, spray nozzles, piping and instrument lines evaluated for wear, blockage,
fouling using insights in WCAP-16406



RAI 06.02.02-22 for debris settling. Latent particulate debris (sand/grit) may settle in large diameter, low
flow velocity sections of piping. The applicant is currently re-evaluating this issue.
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Use of staff-approved methodology with conservative assumptions
Source term of materials and range of pH considered for chemical effects
Calculated chemical precipitate amount (nearly 100% aluminum oxyhydroxide)
Preparation and use of chemical surrogate in head-loss testing (aluminum
oxyhydroxide)

March 22-23, 2017
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 Aluminum quantity in chemical effects analysis less than amount identified in the
DCD (non-conservative)
 Temperature profile for the chemical effects calculation not fully described
 Clarification needed on the use of water volume in chemical precipitate
calculations
 Clarification needed on preparation of chemical surrogate for strainer testing






Aluminum quantity – confirmatory (DCD Revision)
Temperature profile – confirmatory (Technical Report revision)
Water volume – confirmatory (Technical Report revision)
Surrogate preparation - closed

March 22-23, 2017
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Section 6.2.1.1, Containment Structure
Section 6.2.1.3, Mass and Energy
Release for Postulate Loss-of-Coolant
Accidents (LOCAs)
Section 6.2.1.4, Mass and Energy
Release Analysis for Postulated System
Pipe Ruptures
Syed Haider
March 22-23, 2017
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GDCs 16&50: Reactor containment structure and associated heat removal system designed
with sufficient margin to accommodate the calculated P&T conditions from any LOCA.
SRP Section 6.2.1.1A: Containment design pressure provides at least a 10% margin above
the accepted peak calculated containment pressure.




Plant-specific design parameters, initial and boundary conditions, passive heat sinks
Input data, sensitivity coefficients, assumptions



Two lumped-parameter volumes: Containment atmosphere region and the IRWST

March 22-23, 2017
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The outer surfaces of the containment shell (wall and dome) and inner surface of the
containment floor are conservatively modeled adiabatically.
GOTHIC deck has more heat sinks than documented in the DCD.

DCD uses the Direct-DLM HTC model as the convection-condensation combination.
However, Tagami-Uchida HTC model was shown to be more conservative.
An inertial length of 1 ft was used in the DCD, which could be as large as the containment
height of 166 ft that was shown to be more conservative.
Burnup dependent TCD (Thermal Conductivity Degradation) was not accounted for in the
M&E release, and thus, in peak containment P & T (RAI 411-8505, Question 15.00.02-9).
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GDC 38: CHRS shall rapidly reduce the containment pressure following any LOCA,
lessening the challenge to the containment integrity. SRP Section 6.2.1.1A specifies that the
containment pressure should be reduced to less than 50% of the peak calculated pressure
for the DB LOCA within 24 hours after the postulated accident.
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10 CFR 50.36 defines the LCO as the “lowest functional capability or performance levels of
equipment required for safe operation of the facility".
SECY-11-0014 states “LCO limits shall be used for the bounding values as the initial
conditions for containment accident analysis.”
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 Clarify how spillage in the containment M&E release inputs was modeled in order
to align it with the values used in the licensing basis and confirmatory
calculations. Transient data were provided in the DCD for many of the M&E
release components, but spillage data were listed as single integral line items
rather than on a time dependent basis. Staff requested the transient spillage data
in order to determine if there was any impact resulting from spillage on a more
discreet timescale.
 Whether the computer codes, CEFLASH-4A and FLOOD3, used for modeling
the SI into the RCS by the SITs and the SIPs during the blowdown, refill, and the
reflood phases of a LOCA, have been validated and approved to model DVI type
injection.
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 No description of the long-term cooling (or post-reflood) model available.
 No discussion or justification of the methods used to calculate the core inlet and
exit flow rates and removal of the sensible heat from primary system metal
surfaces and the SGs.
 Liquid entrainment correlations for fluid leaving the core and entering the SGs
neither described nor justified by comparison with experimental data.
 No statements are made about steam quenching by ECCS water or the
applicable experimental data, or whether and how all the remaining stored
energy in the primary and secondary systems would be removed during the postreflood phase.
 No references are made to compare the results of post-reflood analytical models
with the applicable experimental data.
 Whether the use of the GOTHIC code for the decay heat phase M&E release
analysis can be considered appropriate for this application.
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GDC 50 requires that the reactor containment structure and associated heat removal system
shall be designed with sufficient margin to accommodate the calculated pressure and
temperature conditions resulting from the DBA.
SRP Section 6.2.1.1.A specifies that the containment design pressure should provide at least
a 10% margin above the accepted peak calculated containment pressure.
Additional information needed on the initial and boundary conditions for the MSLB analyses.
(1) Minimizing the rate of heat removal from the containment atmosphere: CSS and MSIV
single failures were analyzed to see which one is conservative.
(2) Maximizing the flow of saturated and superheated steam out of the break: Could be
based on any one of the several possible SFs including the failure of condensate booster
pump to trip, feedwater regulating valve (FRV) to close.
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Section 6.1.1, Engineered Safety
Features
Section 6.2.7, Fracture Prevention of
Containment Pressure Boundary
Section 6.6, Inservice Inspection and
Testing of Class 2 and 3 Components
Dan Widrevitz
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 Two issues, but both have a path forward:
 Inconsistent approaches were provided for preventing sensitization.
• KHNP’s sensitization controls described in RAI responses and discussed during public
meetings are reasonable and would prevent sensitization of austenitic stainless steel.
• Path forward: resolve inconsistencies and supplement the DCD Tier 2 FSAR with a
clear description of sensitization prevention measures.

 Unclear quality assurance requirements of the IRWST liner
• IRWST is a ASME Section III, Class 2 structure. IRWST liner is not considered a ASME
Section III, Class 2 liner because the IRWST does not perform the accident
containment design function.
• Because the IRWST liner is not an ASME Section III, Division 2 liner the staff
questioned what the QA requirements for the liner was.
• Path forward: KHNP will revised the DCD Tier 2 FSAR to state IRWST liner will meet
ASME NQA-1 Quality Assurance requirements.
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Applicant clearly stated that materials ferritic containment materials were to be held to ASME
Section III, Div. 2, Article CC-2520 and ASME Section III, Div. 1, Article NE-2300;
Applicant committed to applying the above.
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Section 6.2.5, Combustible Gas Control
in Containment
Anne-Marie Grady
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Section 6.2.4, Containment Isolation
System
Section 6.2.6, Containment Leakage
Testing
Raj Goel
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Review Topics, Section 6.2.4
Scope of Review – with Open Items:

•

Containment Isolation System (CIS) is designed to allow free flow of normal
or emergency-related fluids through the containment boundary in support of
reactor operations, but establishes and preserves the containment
boundary integrity.

•

The criteria for isolation requirements and the associated system design are
set forth in GDCs 1, 2, 4, 16, 54, 55, 56 and 57 of Appendix A to 10 CFR
50, and TMI-related requirements of 10 CFR 50.34(f)(2) and the SBO
requirements 10 CFR 50.63 (a)(2).

•

The staff used acceptance criteria described in SRP Section 6.2.4 and
guidance described in RG 1.141, which endorses ANSI N271-1976,”
Containment Isolation Provisions for Fluid Systems”.

•

The containment penetration barriers consisting of flange closure, personnel
airlock and equipment hatch are under administrative control.

March 22-23, 2017

Chapter 6, Engineered Safety Features

68

Review Topics, Section 6.2.4
Scope of Review – with Open Items (Continue):

•

Review of DCD Section 6.2.4 resulted in several questions and clarification:
such as, all penetrations number in DCD Table, systems with single valve
isolation, fail-as-is position of CIV upon loss of power, design requirements
of relief valve used as CIV, all power operated CIVs have position indication
in control room, provision of vent and drain connections for leak testing.

•

There are 5 open questions in current SE, including justification for systems
with single valve isolation, design requirements for debris from interfering
with valve closure, flanged closure and leak testing provisions, vent and
drain connections, and ITAAC for length of pipe from containment wall to
outer isolation valves. Out of these open questions, the staff has since
evaluated the response to 4 questions and found the response acceptable.

•

The staff is waiting for the applicant’s revised response to a question
regarding the length of pipe showing the CIVs outside containment located
as close to it as practical, as required by GDCs 55. 56 and 57 in DCD
Table. This is being tracked as an open item.
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Review Topics, Section 6.2.6
Scope of Review – No Open Items :
•

Containment Leakage Testing addresses the leakage rate testing program
for the reactor containment. It is designed to 10 CFR 50 Requirements:
•

GDC 52, 53 and 54 of Appendix A require that the reactor containment vessel
and piping systems that penetrate the containment be designed to accommodate
periodic leakage rate testing.
 Appendix J specifies leakage testing requirements for the containment, its
penetration, and isolation valves (Type A, B and C tests).

•

Review of DCD Section 6.2.6 resulted in 10 Questions. The staff has
evaluated the applicant response to these questions and found it
acceptable. There are no open items. The staff concluded that:

 Type A, B and C tests are conducted in accordance with10 CFR 50, Appendix J
Option B with guidance from RG 1.163.
• Testing intervals and requirements are based on NEI 94-01 and ANSI/ANS-56.81994, as modified and endorsed by RG 1.163-1995.
• Containment Leakage Rate Testing (CLRT) program requirements and
acceptance criteria are as in the Technical Specifications program.
• The staff finds that the Containment Leakage Testing meets the applicable
requirements specified by 10 CFR 50, Appendix J Option B, and GDCs 52, 53
and 54 of Appendix A.
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