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RESPONSES TO ROC-AEC’s PSAR QUESTIONS

Track Number:  [-01-001
PSAR Sections:  Figure 1.2-1, Table 1.3-1
Question Date: November 17,1997
PSAR Question:

1. Figure 1.2-1 not clear, please provide a clear figure.

2. Table 1.3-1, Please include Peaking factors, Void coefficient and Doppler coefficient.
PSAR Response:

1. Aclear Figure 1.2-1 is provided as attached.

o

Table 1.3- 1 will be modified to include the comparisons of Design Peaking Factors, Void
coefficient and Doppler coefficient. Peaking factors for the Lungmen NPS are provided
through the cycle based on projected control rod pattems and are presented in PSAR Figures
dA~lato 4A-13a.

The void and Doppler coefficients for Lungmen initial core will be provided in the FSAR. Table 1.3-1 will be

modified as follows:
Table 1.3-1 Comparison of Nuclear Steam Supply System
Lungmen ABWR NMP-2 Grand Gulf
NPS SSAR BWR/5 BWR/6
Design 278-872 278-872 251-764 251-800
Thermal and Hydraulic (Section 4.4)
Design Power Peaking Factor *
Maxinmun relative assembly power 1.40 1.40 1.40
Local Peaking factor 1.25 1.24 1.13
Axial peaking factor 1.40 1.40 1.40

*Pcaking factors for the Lungmen NPS are provided in figures 4A-4ato 4A-13a

Table 1.3-1 Comparison of Nuclear Stezaun Supply System (Continued)

Lungmen ABWR NMP-2 Grand Gulf
NPS SSAR BWR/3 BWR/6
Design 278-872 278-872 251-764 251-800
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS

Nuclear (first core) (Section 4.3)

Dynamic void cocfficient (/%) at corc  FSAR -5.20 -8.57 -7.14
average voids (%) (EOC-rated output) @102%

rated

output

392 40.54 41.31
Fuel emperature doppler cocfficient (¢/°C)  FSAR -0.360 -0.419 -0.396

(EOC-rated output)
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS
Track Number:  1-01-002
PSAR Sections: ~ 1.1.10
Question Date: ~ December 2, 1997
PSAR Question:

The gross electrical power output for Lungmen plant is approximately 1371 Mwve (Ref chl
section 1.1.10), but the gross electrical power output for ABWR is approximately 1356 Myve.
On the other hand, the rated thermal power and the net electrical power output for both designs
are the same. Does this imply that the thermal performance is better but the house load is larger
in Lungmen plant? Please identify the factors which contribute to the difference observed in
both the thermal performance and the house load respectively.

PSAR Response:

The turbine-generator design and capability are defined in detail in the SSAR in Chapter 10
(Steam and Power Conversion). SSAR Figure 10.1-2 (Reference Heat Balance for
Guaranteed Reactor Rating) shows that turbine-generator gross electrical output for the
ABWR plant is 1,371MWe. The value of 1,356 MWe shown in SSAR subsection 1.1.10 is an
approximate value, as the text indicates.

In PSAR Figure 10.1-2 (Heat Balance Diagram-Design Flow/1371MWe) the turbine-
generator gross electrical output is also shown as 1,371MWe. Thus for both the ABWR and
Lungmen NPS the gross electrical output is indeed 1,371 MWe, and the reason for the
difference in subsection 1.1.10 is that the PSAR has been updated to show a more exact value.
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS

Track Number:
PSAR Sections:
Question Date:

PSAR Question:

PSAR Response:

[-01-003
Chapter 1

December 2, 1997

GE summarized differences between the U.S. ABWR design and the K-6/7 project in a letter to
the NRC staff dated February 20, 1992. GE updated the list of ditferences in SSAR
Amendment 31, Differences between the K-6/7 design and the U.S. ABWR design are
identified and maintained in a controlled list (Design Action List, DAL) for future action.
Please provide the above three documents.

GE  February 20, 1992 letter which submitted a summary of the differences between the U.S.
ABWR design and the K-6/7 project to the NRC is attached. Also attached is Appendix 1B of
Amendment 31 of the SSAR, submitted to the NRC on July 28. 1993, providing an updated
listing of the differences. (Please note that this discussion of differences between the K-6/7
design and that of the ABWR was considered by the Utility owner of K-6/7 to be sensitive
material. Therefore, in a subsequent revision to the SSAR, this list of differences was deleted
with the concurrence of the NRC. It would be very much appreciated if the ROC-AEC could
kindly handle this material in a manner which reflects the sensitivity expressed by the Utility
ovner of K-6/7.)

With regard to the Design Action List (DAL), it was developed by GE to intemally authorize
and process design changes from K-6/7 to the U. S. ABWR (e.g. the differences listed in
Appendix 1B of Amendment 31). Thus, the DAL is an intemal. GE Company Private
document. It was not submitted to the NRC and is not available for transmittal to Taiwan.
However, with the attached transmittal of GE ~ February 20, 1992 letter and Appendix 1B of
Amendment 31, documentation of the major differences between K-6/7 and the U.S. ABWR is
being provided to the ROC-AEC.
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS
Track Number: 101004
PSAR Sections:  1.2.2.4.1
Question Date:  December 2, 1997

PSAR Question:

In Chapter 1 Sect. 1.2.2.4.1 of ABWR SSAR, the following statement is given:

“All effluents from the plant which are potentially radioactive are monitored”. This statement
has been deleted in PSAR of Lungimen Plant. Please clarify whether this statement is still valid
for Lungmen Plant or not.

PSAR Response:

The statement made in the ABWR SSAR that “All effluents from the plant which are
potentiallv radioactive are monitored” is still valid for the Lungmen NPS as well. The
Lungmen NPS PSAR makes the commitment to monitor all radicactive release paths within
the plant in Section 11.5. As this commutment is provided in Section 11.5 of the Lungmen
PSAR. it was deleted from subsection 1.2.2.4.1 as part of the effort to sumplify: the PSAR
Introduction, Chapter 1.

No revision to the PSAR is proposed in response to this question.
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS

&%k (Track Number):  N-01-005

WTAL 3 87 (PSAR Section): |
¢ 8 #(Question Date): 86.11.18
Bl #8  2-(PSAR Question):

{7 8% 4 4% i Life Cycle Management Program? 47 8% € 3% # Aging Management Plan?
4o ] #2design processEe A~ ?

1 28 2 & (Response):

& EBid Spec. Chapter 1,Section 11.3#Section 8.2.6 & GE’S Proposal Appendix A
Chapter 1 Section 11.3#2Section 8.2.6#8 & GE/- ‘7 0SB e T AT K A 3% B b
RIO2F R E SRR AL TR AL SRS TR R T (it &4
PTRAHRBIRENER) URTRBEELAAEAERET - 5199844868
GETP-1998-0366 GE & & i 40 4% £k % 32 3+ £ #2.% % IRA(Integrated Reliability
Analysis)st £ M FIAFSAR P — #2847 & B46 A -
BTHEC TRV EBERE  BAETHIGTESE V40560 2 R U RAZHE
B EmE2E8a st GEXANEER aXa‘]'k%i & A 93T R
AL TR B MNAT &4 B #8 & 32 3+ £ (Life Cycle Management Program) & 47 a;ﬁf ) @
EEIT S REER C UARE BB RIEH Rt - BB ER - TRE
A4 & (Plant Data Documentation) % 3% 3132 4 » SR 204- 44 88 ko /R s 283t & o F:] Hfr
EAE T E R BEAZA R SGE RS TN (Accessibility) » MHHBi2 B34k
(Optimization) > KR 4% By 1k ;5 4 (Prevention Of Concrete Contamination) 24 &
7T 231 £ (Conceptual Decomumissioning Plan) o
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS
4 #E(Track Number):  N-01-005
P9 284 45 (PSAR Section) 1.2.13
#7732 B #7(Question Date): 86.11.18
P28 79 2 (PSAR Question):
& L4535 AEPRI—URDERNPARY £ 2 & K2 335 BT 7
7178 %5 7% (Response):

#7 3] F EPRI—URD 2% # 2 5+ &4 % K A USNRC—NPARAZ #E & £ 1 bsz

EANVIRE G B &Y A TI8AA AR EALWRM A TRt &4 2040
Ez BB R 5ENE(03ECGENS ) BT AELZITZIE éi&zk
st EAiE > JREpE 4 A #A % 1231 £ (Life Cycle Management Program) © 1%
5T B R eIt IR A BB M A ) R 2 AR BAR R T SR ey — B4 L
1 3E PIALWR AR Bt 404052353t 40 % — B ey iR - 3 & T s HGEF A
EPRI-URDANPAR % % #5 4 i -
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS

Track Number:
PSAR Scctions:
Question Date:

PSAR Question:

Response:

N-01-006
Ch 1.2.2.6.12

November 18, 1997

Inservice Inspection Equipment :

This section mentioned that GERIS-2000 will be used for RPV inside and outside diameter
inspection and SMART-2000 will be used for piping inspection. Please clarify :

Does the Lungmen RPV design allow UT inspection be performed for RPV D and OD 7 and
also 100% welding wspection (PSI and ISI) is possible according to 1989 ASME Code Sect
X7

The RPV scam welds can be inspected from both the ID and the OD using the GERIS-2000
Data Acquisition System in conjunction with existing GE automatic scanning devices. The
RPV nozzle-to-shell welds will be 100% accessible for preservice inspection using a
combination of automated and manual UT scanning techniques, but may have limited areas
that will not be aceessible from the outer surface for inservice examination.

Essentially 100% of the pressure retaining shell welds can be volumetrically examined using
UT techiiques per the requirements of the 1989 Edition of the ASME Boiler and Pressure
Vessel Code, Section XI. Table IWB-2300-1. In a few local areas the access for ultrasonic
transducers 1s less than 2.5T + 50 mm away from the weld seam on one side.
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS

Track Number:
PSAR Sections:

Question Date:

PSAR Question:

Response:

N-01-008
Chl

December 9, 1997

Please clarifv in the Lungmen PSAR whether the two safety issues have been resolved :
Leakage Through Electrical Isolators in Instrumentation Circuits as listed in 1C. 2. 53 Issue
142 and Availability of Chilled Water Systems and Room Cooling as listed in 1C. 2. 54.

1C.2.53 Issuc 142
As recognized by the U. S. NRC in NUREG 1503, Safety Issue 142 is considered resolved for
the ABWR. Accordingly, the Lungmen NPS PSAR will be revised to add the following

paragraph at the end of Section 1C.2.53:

“This issue 15 considered resolved for the Lungmen NPS with the commitment of TPC to
pertorm the following actions:

1. Annual inspection and testing of all electrical isolation devices between Class 1E and non-
Class 1E systems.

2. Repair or replacement of isolators that fail the tests.”

1C.2.534 [ssuc 143

As recognized by the U, S, NRC i NUREG 1303, Safety Issue 143 is considered resolved for
the ABWR.  Accordingly, the Lungmen NPS PSAR will be revised to add the following
paragraph at the end of Section 1C.2.54:

“Ths issuc is considered resolved for the Lungmen NPS based on the above described features
and commitments.”
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS

Track Number:
PSAR Sections:
Question Date:

PSAR Question:

PSAR Response:

N-01-009
Chl

December 9, 1997

In 1C. 2. 55 Issue 145 it was mentioned that “A program that complies with
I0CFR50. 65 will be developed and implemented." Please clarify when this program
will be developed and implemented.

Taiwan Power Company will develop maintenance rule program one year before Unit
I fuel loading. The program will be developed based on the information that will be
contained in Lungmen FSAR Appendix A PRA, Appendix B IRAP analysis results,
and appropnate plant structure and equipment information that is expected to become
available during pre-operational testing stage. The component performance data that
1s obtained during pre-operational testing will provide input for condition orented
goal setting tor Structure, System and Components (SSCs).

The maintenance rule program will be evaluated and updated during Unit 1 power
ascension test program and first cycle operation. Maintenance rule will be
implemented for Lungmen after completion of Unit 1 first refueling outage.

Maintenance rule program will become applicable to Unit 2 when the unit begins pre-
operational testing phase. Unit 2 will implement maintenance rule at the same time

when the rule becomes effective for Unit 1.

No PSAR revision is proposed in response to this question.

uestions and Answer I-10
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS
Track Number:  N-01-010 |
PSAR Sections:  Ch 1
Question Date:  December 9, 1997
PSAR Question:

In Table 1.8-21, please clarify the edition or principle of ASME B&PV code Sec X1
(Inservice Inspection).

Response:

Per the US Code of Federal Regulation, the editions and addenda to ASME B &PV
Code, Section XI should be applied as follows:

With reference to, 10CFRS50.55a (2)(3)(i), the ASME Boiler and Pressure Vessel Code
edition including addenda used as construction code shall be applied for the pre-service
examination (PSI) of Class 1, 2 and 3 components and their supports. For Lungmen,
the code edition to be used for PSI would be the 1989 Edition. Furthermore,
10CFR50.55a (g)(4)(i) requires that ISI during the initial 120-month inspection interval
must comply with the requirements of the latest edition and addenda of the code in
effect on the date 12 months prior to the date of issuance of the operating license. ISI
during the successive 120 months inspection intervals must comply with the latest
edition and addenda of the code incorporated 12 months prior to the start of the 120
month inspection interval as outlined in 10CFR50.55a (2)(4)(1).

No PSAR rewvision is proposed in response to this question.
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Track Number:  01-007
PSAR Sections:  1C.2.45
Question Date:  December 16, 1997
PSAR Question:

In the subscction. the statement said that “the RHR System can operate at a
pressure up to about 3.5 Mpa. Isolation valves (at least two) and piping to the
primary system are designed for about 8.6 Mpa.” But in the SSAR the
pressures arc 3.33 MPa and 8.73 Mpa respectively. Please explain the
differences.

PSAR Response:
The value 3.33 MPa was changed to 3.5 MPa in the PSAR because of a round
off to achieve consistency in the use of significant figures within this section. The
value 8.73 Mpa m the SSAR was wadvertently incorrect since this value
represented absolute pressure. The value was changed to 8.6 Mpa in the PSAR,

which is the correct gauge pressure value,

No PSAR revision is proposed in response to this question.
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Track Number:

PSAR Sections:

Question Date:

1-01-0011

Chi

November 19, 1997

PSAR Question:

In Section 1.2.1.1.2 Safety design criteria (11) it was stated that : “safety-related actions are

provided by cquipment of sufficient redundance and independence so that no single failure of

active components, or of passive components in certamn cases in the long termy, will prevent the

required actions.” Please explain the following

1. deseribe “passive components fatlure” with examples.

2. Standby liquid control system will be performing safety-related actions. Has consideration
been given to single failure of passive components to the piping and tank of this system ? If
not, what is the reason ?

PSAR Responses:

Response to Part 1:

A passive component failure is the blockage of a process flow path or failure of a component to
maintain its structural ntegrity or stability, such that it cannot provide its intended nuclear safets
function upon demand.  Examples would be long tenm piping fatlure, pump or valve seal
deterioration and mechanical failure of a valve impeding flow.

Response to Part 2:

The Standby Liquid Control System completes its function i the short term.  Thus, by the
definition provided in Crterion (11), the single fatlure of passive components docs not apply' to
the piping svstem and tank of the Standby Liquid Control System.

No PSAR revision 1s proposed in response to this question.

ROC-ALC Review Comments:

1. Ittakes about 2.5 hours to nject boron into the core according to PSAR page 9.3-13 Standby
Liquid Control Svstem. Ifthis is called short term, then how long will it be called long term?

(8]

Is it possible to provide more realistic examples? Which pipe of which safety svstem hias been
designed with passive fadlure assumptions?  Are these design considerations exceptions or

common to all”?

Further Clarification:

1. Page 9.3-13 dous indeed specify: that the boron injection time wall be no longer than two and
one half hours for the lowest boron injection rate of 8 ppnymin. However, the expected boron
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injection rate is 20 ppny/min. which yiclds boron injection time of about one hour for sufficient
boron to be injected to reach cold shutdovwn. Actually, the reactor will reach hot shutdown in
approximately 13 minutes at the expected boron injection rate of 20 ppnvimin. Times equal or
less than these durations are considered short term for a passive component, subject to
periodic surveillnee, maintaining its integrity.  See item 2 below for an example of
consideration of a passive failure in the long tenm,

2. The RHR pipmg has been designed with consideration of passive faillures. It is because the
RHR system may be required to operate post LOCA for up to 100 days that it has been
designed consistent with the possibility of a long term passive failure. To accommodate the
potential of a long term passive failure, the RHR system has been divided into three loops.
When a passive failure is postulated in one of the loops, the remaining loops are able to satisfy

the required functions.
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Track Number:
PSAR Sections:
Question Date:

PSAR Question:

Response:

1-01-012
Cht

November 9, 1997

In Section 1.8.3 it was stated that “Table 1.8-22 lists the experience information that has been
included in the design”™. However, lot of the experience information in GESSAR belongs to
COL(Combined Operating License). Has those COL related experience information been
mcluded in the design or 1s 1t just a commutment that it will be included in the design ? If it is only
commutment, then please modify the Table to show the actual condition.

The Genenic Letters, IE Bulletins, IE Information Notices, IE Circulars and NUREGs listed i
Table 1.8-22 have all been reviewed for applicability to the Lungmen ABWR Nuclear Island
desian.  This review has been completed for the period of 1980 through late 1991, The
conclusions from this review have been factored mto the Lunemen ABWR Nuclear Island
design.

During the performance of this review it was observed that some of the reviewed documents also
had mmplications that are applicable to the balance of plant design, such as the ultunate heat sink
design. These saume documents will be reviewed again for consideration of their applicability to
the balance of plant design.  Any resulting design changes from this latter review will be
documented in the FSAR.

In addition, as stated in PSAR Section 1.8.3 experience information from 1991 through June
1996 will be incorporated in the FSAR as appropriate. Further, any significant issues that arise
after June 1996 will be reviewed and addressed on an individual basis, with the results of these
reviews to be documented in the FSAR.

No PSAR revision is proposed mn response to this question.
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Track Number:

PSAR Sections:

Question Date:

PSAR Question:

PSAR Response:

[-01-013

Original question referenced Ch. 1A, 1B, 1C, Follow-up question referenced
Ch. 6.4

November 22, 1997

1. When evaluating DBA for the habitable area of the control roony. has the effects of radiation

source or toxic gas source been considered 7

2. Is there independent system for the processing of non-condensable gas discharge of the

system ?

3. When CRHA operates under the smoke-discharge mode, is the air intake still operating

nommally ? If it is, wouldn’t it prolong combustion so its effect should be evaluated ?

. The effects of radiation source and toxic gas have been considered and are provided in PSAR

Sections 1C.2.40, 6.4, and 9.4.1. See also the response to Part 8 of question [-06-008 for
proposed change to PSAR Section 6.4.

. Noncondensable gases are removed and treated during plant power operation from the

condenser by the steam jet air ejectors in conjunction with the gaseous waste system.
Mechanical vacuum pumps that exhaust to the Turbine Building vent are used at the
beginning of startup. Section 10.4.2 and 11.3.1 discuss these systems in greater detail.

In the event of a DBA, the Standby Gas Treatment System as described in Section 6.5.1
treats and discharges air leakage containing halogens and particulates from the PCV.

3. During smoke removal mode, 100% outside air is supplied to the space and then is exhausted.

No recirculation is allowed. The intent of this mode is to remove smoke from the CRHA to
allow fire fighting measures to taken. The smoke must be exhausted to allow visibility in the
CRHA so the fire can be fought., This exhaust air must be replaced by outside air.

Typically hand held fire extinguishers and hose stations are used to manually fight fires. In
electrical fires, the circuits that are causing the fire are de-energized to eliminate the source of
the fire. Visibility is required for these fire fighting methods to be used. While the outside air
docs provide combustion air, this ventilation provides increased visibility so the fire can be
fought ctfectively.
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The following sentence will be added to the second to the last paragraph in PSAR Section
9.4.1.1.4: "Smoke is removed to maintain visibility to allow for fire fighting activities.”

ROCAEC Review Comments:

SRP described specific prevention measures for toxic gases and explanation on emergency zone
{sce attachment) but in PSAR Section 6.4 these are lacking. It is suggested more explanations be
provided

Further Clarifications:

GE will perform a hazardous chemical analysis for the control room to meet the requirements of
SRP 6.4. The Control Room Emergency Zone consists of the South Corridor Panel
Room (491), North Control Panel Room (492), Communication Equipment Room
(494), Shift Technical Advisor’s Room (495), Visitor Viewing Gallery (496), Switch &
Tag Room (497), Shift Supervisor’s Room (498), Main Control Room (499), Shift
Supervisor’s Conference Room (4910), Shift Supervisor Clerk Room (4911),
Operator’s Area (4912), Bathroom (4913), Storage (4914), Instrument Maintenance
Room (4915), Process Computer room (591), East-Corridor (592), Perimeter Corridor
(493), CRHA Supply “B” (691) and CRHA supply “C” (694). These will be listed in
PSAR subsection 6.4 in the PSAR update submittal.

In order to do this analysis, the type, size and locations of potential leakage’s need to
determined. Next, a meteorology and probability analysis will be performed. Based on
the analyses listed above the hazardous gas analysis would be then performed. Since the
information required for this analysis is not available at the current stage of design, such
an analysis will need to be submitted with the FSAR.
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Track Number:  [-01-014
PSAR Scctions: ~ Ch 1A.2.30, 9.2.2, 9.2.11
Question Date:  November 13, 1997

PSAR Question:
1. Dunng LOCA, primary CTMT isolation valve of RBCW will close (see page 1A-27 section
1A.2.30(1), line 10). Please explain the effect on RMC 7

2. Isthelast 2 lines of page 1A-27 describing that under Hot standby condition, RBCW must be
operable to make sure the motor of RIP can survive 7

Response to Part 1:
After LOCA, a SCRAM occurs and all RIPs will nnback to minunum speed within a few
seconds after SCRAM has occurred.

Four or more RIPs will trip at Level 3 and will cause the independent RFCS logic to initiate an all
RIP Runback to mininum speed.

At RPV Level-2 all RIPs will be tripped (4 at Level-3, 3 at Level-2, and the last 3 six seconds
later after reaching Level-2.

The RBCW isolation valves close at RPV Level-1. By the tume the water level reaches Level-1,
the RIPs would have nunback from rated speed to minimum speed and eventually tripped.

At LOCA condition and with RBCW isolated (RPV Level-1), the upper part of the motor will
see higher temperature coming from the Vessel. This high temperature may damage the motor
windings which can be replaced according to nommal maintenance procedures.

RMC system is cooled by RBCW system. At RPV Level-3 and at Level-2, the RIPs may be
tripped but RBCW system is still providing cooling water flow to the RIP heat exchangers. But
at RPV Level-1, the RBCW for the drywell isolates and there is no cooling water to the RIP heat
exchanger and that could lead to damage of the motor windings.
No PSAR modification is proposed in response to this question.
Response to Pairt 2:
In “Hot Standby” condition, it is expected that the Reactor is “shutdown” but at full temperature.
Under this condition, the RBCW is available. It is possible to have RIPs operating at minimum

speed to circulate water and prevent thermal stratification of the RPV bottom head.

No PSAR modification is proposed in response to this question.
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- Track Number:

PSAR Sections:

Question Date:

PSAR Question;

I-01-015
Ch1C.2.6 A-10

November 21, 1997

1. According to Lungmen PSAR, single thermal sleeve design has been successfully
applied since 1977. Then why the new design ? Is the structural integrity be impacted
by the single sleeve in the future ?

2. Please explain :
(1) Is the double thermal sleeve a replaceable design ? what are the considerations ?
(2) How is it compared with the triple thermal sleeve used by GE domestic plants ?
(3) Would there be more restrictions on ISI execution ?
(4) Does 1SI include consideration of IGSCC of crevice area when thermal sleeve 1s
fixed, or there is no crevice ?

PSAR Response:

Response to Part 1:

Hear transfer through the thenmal sleeve as a source of high eycle fatigue of the foedwater nozzle
1s discussed in the PSAR. Since the feedwater conung m through the thermal sleeve 1s at a lower
temperature than the nozzle, the concem was that undercooled water could be shedding from the
outside of the thermal sleeve and mmpinge on the RPV nozzle bore. Years of operating
experience with welded single sleeve themmal sleeves used i BWRs in the US and abroad proves
that this will not have any detrimental effect on the RPV nozzles. At the time of the ABWR
design, this issue was still discussed and 1t was decided to apply a secondary thermal sleeve to
preclude any high eycle thenmal fatigue in the nozzle bore. Now, ten vears after the double
thermal sleeve design was introduced in the ABWR, the welded single thenmal sleeves are still
performing without problems and there is no reason to belicve that the welded single thermal
sleeve wll produce any structural problems in the future.

If anvthing. the welded double thermal sleeve is considered to be an improvement of the welded
single sleeve design.

Response to Part 2(1):

The double thermat sleeve used in the ABWR is not considered to be casily replaceable. If the

thermal sloeve for some reason were to be replaced, the RPV nozzle safe end would have to be cut
and the feedwater sparger removed together with the thermal sleeve. The same is the case for the
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welded single thermal sleeve. The excellent experience with the single thenmal slecve justifies the
use of a welded design.

Response to Part 2(2):

Both the welded single thermal sleeve and the double thermal sleeve designs provide better
protection against high cycle thermal fatigue than the triple thermal sleeve design as the welded
designs do not have any leakage of cold water. Also, the triple thenmal sleeve has a very
complicated design that may require replacement after a number of years n service. The welded
thenmal sleeve designs are not expected to require replacement.

Response to Part 2(3):

IST of nozzles with double thermal sleeves will not be more restrictive than that of nozzles with
single thermal sleeves.

Response to Part 2(4):

The annuli between the inner and outer thermal sleeves and between the outer thermal sleeves and
the nozzle bore have widths larger than 6.35 mm. Per the design spec which reflects GE’s design
practice. openings of a width larger than 6.35 mm are not considered crevices. Therefore, no
consideration has been given to IGSCC in commection with IST of the nozzles.

No PSAR modification is proposed in response to these questions.

ROCAEC Review Comments:

2. Itis expected that the temperature will be improved with additional layer of thermal
sleeve but it is still unclear how ISI plan will be carried out. Explanation should be
given to how cracks at the intersection of the first and secondary thermal sleeve can
be inspected.

Further Clarification:

2. Due to access restrictions, the welded connection between the first and second
thermal sleeve can not be readily inspected, nor is it necessary to include this weld in
the ST plan. This welded connection is not classified as safety related, and; therefore,
there has been no regulatory or code requirement to perform any IS at this location.
Even the recent documents produced by the BWRVIP inspection committee do not
include any inspection requirements for the teedwater thermal sleeve and associated
non satety related components for operating BWR plants. The function of the
secondary thermal sleeve is to provide an additional thermal barrier to minimize that
amount of thermal cycling on the inside surface of the feedwater nozzle. Postulated
cracking at the thermal sleeve connection does not affect the ability of the secondary
thermal sleeve to perform this function, and does not adversely affect any other
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Questions and Answer

components which are safety related. Additionally, in the highly unlikely event that a
postulated circumferential crack extends to a 360 degree through wall condition, the
thermal sleeve would be fully captured and would not become a loose part. It would
also continue to provide its intended thermal barrier function in this case.
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Track Number:

PSAR Sections:

Question Date:

PSAR Question:

Response:

[-01-016
Ch 1A.2.30

November 13, 1997

In page 1A-28, scction 1A.2.30(3), line 3 to 10, the description was not sufficicnt to explain the
condition when LOCA occurred during nonmal operation and RMISS was lost. Please claborate.

Recirculation Motor Inflatable Shaft Seal (RMISS) subsystem is used only during plant
maintenance outages. During normal plant operation, the inflatable seal is fully retracted away
from the shaft and thus the shaft is not in contact with this seal. This subsystem is completely
isolated when the pump is in operation and the pertaining valves are closed. Therefore, in case a
LOCA occurred during nonmal plant operation, RMISS has no effect i its operation.

No PSAR miodification is proposed in response to this question.
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Track Number:

PSAR Sections:

Question Date:

PSAR Question:

1-01-017
Ch 1C.2.15 A-42

November 21, 1997

1. Nureg-0313 stated that the carbon content of IGSCC resistent material is below
0.035%, such as 304L, 316L, 304NG and 316NG. However, in Lungmen PSAR,
316 and 316L were mentioned and the carbon content of 316 is around 0.08% in
general which far exceeds 0.035%. Please explain why it is used ?

2. If Nureg-0313 is to be followed, then the carbon content should be less than 0.035%
but Type 316 s.s. has a carbon content far exceeds this value (0.08% in general).
Please clanfy.

(OS]

. In the Resolution paragraph, line 4, the 800k should be 700k.

PSAR Response:

Response to Part 1:

For piping GE will comply with the NUREG-0313 requirements for Category A
material as it 1s defined in that document. The matenal will be further modified to have a
carbon content even lower than required by the NUREG for Category A. In all cases
for stainless steel piping and other stainless steel components exposed to high
temperature reactor water (>93°C), material having a maximum of 0.02 % carbon will

be used. This material will be certified as either Type 316 or 316L in accordance with
ASME Code Section I (ASME does not include the NG designation nor does it have a
separate designation for the modified 316L). The designation 316NG is a commercial
description of the 316 type alloys having 0.02 % carbon that was created by GE in the
late 1970s and may be interpreted to include 316L with respect to IGSCC resistance.
The recognition by the U.S. NRC that 316L is accepted as a resistant materal is
documented in NUREG-0313. The NRC further clarified that 316NG was formerly
called 316K which came from the K suffix designation in GE  materials purchase
specifications.  The entire purpose of this NG designation was to comumercially
distinguish the material supplied by GE having 0.02 % maximum carbon from
conventional 316, which is known to be susceptible to IGSCC in the welded condition.
If the design calls for the strength properties of 316 material, as opposed to 316L, a
minimum level of nitrogen is required to ensure the higher mechanical properties.
However, in either case, the carbon maximum is 0.02 % and IGSCC resistance is the
same. The only exceptions to this practice are for specialized components where
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fabrication or operating conditions demand an alternate material. Specific examples are
control rod aborber tubes and in-core monitor components. Absorber tubes will be
made of a special high purity, tantalum stabilized version of Type 304 called 304S for
improved IASCC resistance. In-core monitors use a low carbon 304L matenal for
improved weldability since no filler metal is used on such thin-walled parts. In all cases
the intent of NUREG-0313, Rev. 2 wiil be met.

Respouse to Part 2:

See response to Part 1 above.

Response to Part 3:

Line 4 of the Resolution paragraph for Safety Issue A-42 on page 1C-34 of the
Lungmen NPS correctly specifies a temperature range of between 700 and 1255%K,
corresponding to 427 and 982°C.

No PSAR modification is proposed in response to these questions.

ROCAEC Review Comments:

1

(%)

. Response to parts 1 and 2 : Nuclear Grade (NG) specification is indeed not in

ASME and ASTM but the definition of low carbon content is widely known and
referenced i many PSAR chapters. It is suggested that when measures were
considered to deal with IGSCC problems and low carbon content (less than 0.02%)
materials were used, they are denoted as NG materials to replace statements like
“low carbon modified types 316 and 316L stainless steel” to avoid confusion.

Also, it was first mentioned in this section that “low carbon modified types 316 and
316L stainless steel” then it was stated that “stainless steel types 316 and 316L low
carbon modified material”. Does it mean that 316 and 316L, which are used to
eliminate IGSCC in the Lungmen project, will have carbon contents less than
0.02% 7?7

The Question of part 3 was about errors in ch 1C.2.41 86 (page 1C-70) and not on
ch 1C.2.15 A-42 which should be changed.

Further Clarifications:

Questions and Answer
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1. Weagree to the suggestion that the low carbon Type 316/316L materials (less than
0.02 %) should be denoted as NG materials; such as 316 NG and 316L NG.

o

Yes; Types 316/316L matenals used to mitigate IGSCC in the Lungmen Project
will have carbon content less than 0.02 %. This requirement applies to welded
applications where IGSCC may be considered a concern.

)

W agree that the correct reference is 1C.2.41 86 (page 1 C-70). Also, we agree
that in the resolution paragraph, line 4, the 800 K should be corrected to 700 K.
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Track Number:  01-018
PSAR Sections:  Section 1.8
Question Date: December 24, 1997
PSAR Question:

Please explain why RG1.33. RG1.90, RG1.114, RG1.127, RG1.134 and RGI1.149 in Table
1.8-20 are not applicable to Lungmen?

PSAR Response:

Regulatory Guide 1.90 “Inservice Inspection of Prestressed Concrete Contaimument Structures
with Grouted Tendons™ is not applicable to Lungmen NPS as its containment is a reinforced
concrete contanment, not a prestressed containment.

Regulatory Guide 1.134 “Medical Evaluation of Licensed Personnel for Nuclear Power Plants”
is not applicalbe to Lungmen NPS because Taipower will follow the ROC-AEC’s specific
requirments for that purpose.

Following Regulatory Guides are applicalbe to Lungmen NPS and PSAR Table 1.8-20 will be
revised accordingls:

el

(I}  Regulatory Guide 1.33 “Quality Assurance Program Requirements (Operation)”

(2) Regulatory Guide 1.114 “Guidance On Being Operator At the Controls of a Nuclear
Power Plant”

(3) Regulatory Guide 1.127 “Inspection of Water-Control Structures Associated with Nuclear
Power Plants™

4)  Regulatory Guide 1.149 “Nuclear Power Plant Simulation Facilities for Use in Operator
License Exammations”
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Track Number:  01-019

PSAR Sections:  Ch 1, Appendix 1D

Question Date:  January 17, 1998

PSAR Question:

Revarding the design consideration of SBO, please clanify the following questions

S8

PSAR Response:

Questions and Answer

. Please summarize and compare the different causes and its probability of causing SBO and

total SBO probability for the First (Chinshan), Second (Kuosheng) and Lungmen NPS.

Inthe 1D.2.3.1.3 section on “SBO Events”, it was mentioned that the swing EDG will be
automatically or manually started when LOOP signal is received. Is it designed as automatic
or operator action is required to connect it to the Bus 7 Please clarify.

. The Chinshan, Kuosheng, and Lungmen nuclear power plants apply a defense-in-depth

philosophy to prevent SBO by utilizing nwltiple, diverse and redundant electric power
sources and distribution circuits. Key differences identified between the three plants that may
mpact the SBO probability include:

I} Level of redundancy of the emergency diesel generators (EDGs) and Altemate AC
Power Source (AACS)

2y Capability of the nuclear power wnit to accept a load rejection without scram. and thus
provide power from the main generator for house loads in case of loss of offsite power

3) Accessibility of electric power from one unit to another wit on site

4} Tyvpe and redundancy of the Altemate AC Power Source (AACS) and the time needed to
start loading the AACS.

The redundaney and diversity of the electric power sources and distribution circuits in the
three plants mean that an SBO event is possible only if specific combinations of multiple
tailures occur. These combinations include the following individual falures:

1} Loss of offsite (nonmal and reserve preferred powver supply) transmission network.

2) Loss of the plant switch vard, ‘

3) Failure of the high voltage circuits from the switch yard to the unit and reserve
transfonmers.

4 Unavailability of clectric power from the main generator of the umit or another unit on

site,
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Questions and Answer

5 Unavailability of the EDGs,
0)  Unavailability of the AACS of the unit or another unit on site, and
7) Inability to recover an clectric power source before safety limits are reached.

The underlying causes of the above SBO attributes include those duc to mtemal equipment
failures, failures of interfacing or supporting equipment, unavailability duc to outage for test
and maintenanee (T&M), or luuman error. They also include independent as well as common
cause failures (CCF) of redundant channels and electric power sources. A detailed fault tree
model of clectric power unavailability that accounts of such wnderhving causes for the
Lungmen NPS can be found in Attachment AA of Appendix A. Probabilistic Risk Analysis.
For the purpose of this comparison, simplifying assumptions have been made to estimate the
probability of top-level causes of the SBO and total SBO probability, with main focus on key
differences between the three plants.

The analysis uses simplified probability models for estimating the SBO probability and its
main contributors. Two definitions of the SBO event have been used n the analysis:

1) The SBO definition in 10CFR50.2 and Regulatory Guide 1.153, where no credit is taken
for the AACS, and
2) SBO definition gencrally used in PRA where credit is taken for the AACS.

The probability estimates are based on the following simplifying assumptions:

- No credit is taken for recovery of any electric power source

- Noaccount has been made for fathure contribution by support systems of  the
Emergency DGs (EDG) or Altemate AC Power Sources (AACS)

- No account has been made for failure of the high voltage curcuits from the  switch
vard to the unit and reserve transformers

- A nmuission time of § hours 1s asswned for the EDG and ACCS operation.

Other assumptions used in the analysis are indicated in the attached Table 01-019-1.

Table 01-019-1 contans a comparison of the key features that impact the SBO probability,
the SBO contributors, and the probabilities obtained using the above asstimptions. For each
of the SBO definitions given above, two Lungmen SBO probability estimates are presented;
with and without electric power transnussion from the main generator of one unit to another
given a SBO event i the latter unt,

The results in the table pomt to the following conclusions:

- The Lungmen SBO probability is lower than those of the other plants due to the
Lungmen higher level of EDG redundancy (3 EDGs/unit for Lungmen vs. 2 EDGs/unit
tor the other plants) and Lungmen capability to accept a load rejection event without
scram. The Lungmen SBO probability is further reduced (by about o factor of 2) if the
power from the main generator of one unit is supplied to the other unit in case of SBO in
the latter unit,
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2.

Quegstions and Answer

- Duc to the high EDG redundancy in Lungmen, independent failures contribute a small
fraction (~10%) of the EDG failure probability. In contrast, EDG failure probability
contribution for Chinshan and Kuosheng is morc-or-less equally divided between
independent failures. CCF, and failures involving a T&M unavailability of one EDG.

The swing EDG connection to a division is manual, as discussed in PSAR Chapter 8,
Sections §.1.4 and 8.3.1.1.7(9). We agree the last sentence of 1D.2.3.1.3 should be clarified.
Therefore. it will be replaced with the following two sentences: "A LOOP signal
automatically starts the swing EDG whether or not it is configured to a Class 1E bus. The
configuration itsclf is manual, and can be performed at any time (i.¢.. before or after LOOP)
by plant operators to a selected Class 1E bus using appropriate procedurces.”
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Track Number:
PSAR Sections:
Question Date:

PSAR Question:

PSAR Response:

01-020
Chl

December 26, 1997

1. Inthe Appendix 1D.2.2.2 Section, under SBO Design Basis, it was mentioned that “The
Lungmen NPS design wall confine the SBO duration to (to be provided n FSAR)
minutes or less with the use of the AAC power source (to be contimed)”.

2. Inthe 1D.2.3.1.3 section on SBO Events, it saud “Swing EDG will be available for bus
connection within (to be provided in FSAR) minutes”.

Please explain why those information in the above parenthesis have to wait until FSAR?

(USR]

There are several reasons why this information will not be available until the FSAR. First, as
indicated in the response to ROC-AEC Question 01-019, the configuration of the swing diesel
generator (SDG) is a manually controlled action. Therefore, the time for operators to perform
this action is dependent on Emergency Operating Procedures (EOPs) and the site security plan,
which have not vet been established for Lungimen NPS. '

Second, the process through which the operator configures the SDG is dependent upon the logic
design for the SDG bus, which was not available for the PSAR, but will be available with the
FSAR. Forexample, the interlocking arrangement to assure that only one bus can be connected
to the SDG at any one time, while still maintaining licensing separation requirements, is still in
the design phase. It is not yet established whether the operator will be able to control the
configuration directly from the main control room (lesser time, but higher risk of multiple feed),
or whether he will need to physically go to the Auxiliary Fuel Building (AFB). where the SDG is
located, to operate these interlocks (longer time but lower risk of multiple feed).

In summary, the overall time necessary to perform these activities must be determined based on
documents and procedures which are not available until the final design.

No change to the PSAR is planned in response to the above question.
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Track Number:
PSAR Sections:
Question Date:

PSAR Question:

PSAR Response:

Qucstions and Answer

01-021
Ch. 1

February 20, 1998

Please provide the differences in design and its impact on safety, operation and maintenance
among Lungmen, K-6/7 and USABWR.

Because of KK-6/7 owner’s reluctance to release its design information and the comparison
to other operating ABWRs are not considered to be pertinent as the other ABWR plants were
constructed and licensed according to regulations in another country. the response to this
question will focus on a comparison of the Lungmen NPS and USABWR design. The
Lungmen design follows very closely the USABWR Certified design. Lungmen design
changes have only been made where necessary to comply with differences in ROC
regulations and TPC's Bid Specification. The residual top level design differences are
summarized in the attached table. A discussion of their impact on saftty, operation and
maintenance follows.

1. Lungmen's US. and ROC codes & standards vs. Certified Design's U.S. codes &
standards

The prmary difterence between the two designs 1s the use of the ROC Fire Protection
Code for the Rad Waste Building. Hot Machine Shop and Turbine Building for
Lungmen. Of course on the administrative side. two step licensing will be applied for
Lungmen while U.S. regulations also allow for one step licensing,

o

- Laungmen’s 40 vear plant Life vs. Certified Design’s 60 year plant lifc
There will be no cffect duc to thus difference during the 40 vear licensed life.

Lungmen’s 0.4 SSE and 0.2 OBE vs. Certified Design’s 0.3 SSE

LI

Duc to Lungmen'’s site specific requirements the design has been enhanced to maintam
the original low scismic nisk goals.  An OBE design requirement has been retained
consistent with the two step licensing process.

4. Lungmen's ocewn cooled site vs. Certified Design’s cooling towers and spray pond

The availability of the ocean for Lungmen’s cooling needs increases the plant’s power
generation reliability and Ultimate Heat Sink reliability.

n

. Lungmen’s 110% bypass capacity vs. Certified Design’s 35% bapass
it ) p jl M
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Lungmen’s 110% bypass capacity decreases its Station Blackout risk and  allows the
plant to accept a full load rejection without reactor shutdown. The FH0% bypass system
will also not scram on a turbine  trip, with the exception of high condenser vacuum
ndicating decreasing heat removal capability (loss of heat sink). No SRVs will open on
cither a full load rejection or turbine trip. With the Certified Design’s 33% bypass systent,
reactor will scram and SRVs will open upon a load rejection or turbine trip above about
33% power.

6. Lungmen’s power cycle vs. Certified Design’s power cycle

The power cycle design differences were selected for Lungmen to make the Lungmen
desien and equipmient more consistent with existing TPC's operation and maintenance
practices and procedures.  This consistency across TPC’s facilitics lowers the risk of
human error.

7. Lungmen’s electrical power distribution svstem vs. Certified Design’s clectrical power

distribution system

The electrical power distribution differences were selected for Lungmen to provide
sufficient power for Lungmen’s specific electrical loads and to make the Lungmen design
and equipment more consistent with existing TPC operation and maintenance practices
and procedures. This consistency across TPC’s factlities lowers the risk of human error.

In swnmary, each design achieves the applicable safety standards and addresses
indinidual operation and maintenance practices.

No change to the PSAR will be made as a result of the above question.
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Track Number:
PSAR Sections:
Question Date:

PSAR Question:

PSAR Response:

Questions and Answer

01-022
Ch. 1D

February 3, 1998

In Table 1D-1 (page 1D-18) statement, coping analysis would have to be
performed if 10CFR50.63 requirement is followed. Please describe the contents of
such an analysis.

As it is described in the certified design matenal (page 2.4.4-10) for a standard

ABWR plant, the RCIC system can operate without AC power for a period of at
least 2 hours. Please identify the design improvements made to ABWR and
Lungimen NPS so that the statements can be justified as given on page 1D-8
“Lungmen NPS can withstand an SBO with failure of the SDG without core
damage or loss of containment integrity for a period of 8 hours.”

. In page 1D-12 the following statements are given “The suppression pool

temperature exceeds its design value of 97.2°C after 8 hours.” Please explain during
SBO, what is the design basis for the suppression pool design ? \What are the effects
when the suppression pool temperature exceeds its design value (97.2°C) ?

. A two hour AC independent coping analysis for Station Blackout will be performed

for Lungmen NPS, with the results to be presented in the FSAR. This analysis will
assume the occurrence of Station Blackout in one unit, with the remaining unit, at a
minimum, retaining the necessary safety-related AC power to achieve safe
shutdown. For the one unit assumed to experience station blackout no credit will be
taken for Altemate AC power for the two hours of assumed blackout in the analysis.
This means that all three EDGs of that unit and the SDG will be assumed to be
unavailable for the two hour period.
.

This two hour coping analysis will take credit for RCIC operation to maintain RPV
level. RPV pressure will be controlled via SRVs. The analyses will demonstrate
that the battenes are sufficiently sized to provide DC power for this two hour
period, and secondary containment analyses will demonstrate that temperatures
remain appropriate for RCIC operation. RPV water level, RPV pressure,
suppression pool temperature and containment pressure analyses will all show that
these parameters remain within appropriate limits.

Since the SDG will be started and aligned to the appropriate electrical bus within (to
be determined later) minutes after the start of the Station Blackout event, the above
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Questions and Answer

analysis will be more than sutficient to satisfy the requirements of 10CFRS50.63 for a
coping analysis.

Both the certified ABWR design and Lungmen have been improved relative to
earlier vintage BWRs regarding the operating capability of RCIC under SBO
conditions.  These design improvements are summarnzed in Section 1D.3.1.
However, there is no difference between the certified ABWR and Lungmen RCIC
requirements. As stated in PSAR Chapter 5, page 5.4-18, the Lungmen RCIC hasa
2 hour design basis SBO capability, and an 8 hour non-design basis capability. The
differences between the 2-hour and 8-hour capabilities are summarnized below.

The 2 hour capability will be demonstrated using consenvative design basis
assumptions and analysis, and environmental qualification of the as-built RCIC and
auxtliaries. A two-hour SBO will be the design basis for establishing the capability of
the 1E DC power, RCIC water supply sources, and RCIC equipment room
temperature. The analysis will use conservative decay heat tor assessing the
avallability of RCIC water sources for 2 hours. Conservative heat sources and heat
transter calculations will be used to estimate the RCIC equipment room
temperature. The environmental qualification of the as-built RCIC will be based on
design-basis LOCA environmental conditions to establish RCIC reliability for the 2-
hour design basis duration.

The 8 hour capability will be demonstrated using realistic, best estimate assumptions
and analysis methods. The basis for this capability is an SBO for 8 hours. Capability
of the 1E DC power sources will be assessed on the basis of’ S-hour of RCIC
operation. Realistic decay heat load wil be used to assess the water sources
capability. The analysis to estimate the RCIC equipment room temperature will use
realistic heat sources and best estimate heat transfer analysis that may take credit for
potential mechanisms of heat removal from the room. These analvses will establish
RCIC  capability to provide sufficient reactor cooling water tor the assumed 8-

hour SBO.

. The suppression pool design temperature value of 97.2°C is based on the NPSH

requiremnent of the ECCS pumps during design basis LQCA events, and this NPSH
requirement does not take credit for pressurization of the wetwell air space duning
LOCA conditions. Structural integrity of the suppression pool design is determined
by combined dynamic (LOCA and SRV) and thermal loads (due to pool
temperature). In comparison, the dynamic loads are found to be substantially more
severe than the thermal loads, from the containment structure desizn standpoint.

During SBO, there are no LOCA dynamic loads, and the SRV dynamic loads are
expected to be substantially lower than those considered in the load combination for
the design basis accident event. The design basis event load combination considers
dynamic loading due to all 18 SRVs, compared to only dynamic loading due to few
SRVs opening during SBO. Therefore, during SBO, the suppression pool is
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expected to experience a substantially lower loading condition than that considered
for the design basis accident event.

There exists no SBO specific design basis for the suppression pool temperature.
However, based on PRA analyses, suppression pool temperature reaches to a
maximum value of 430 K (157°C), and the suppression pool is limited to a
maximum pressure of 0.72 MPa by the COPS (Containment Overpressure
Protection System), as reported on page AJ.1-19 of Attachment AJ to Appendix A
of the Lungmen PSAR. '

Therefore, in view of the above, it can be concluded that the suppression pool
temperature value of 112.2'C after eight hours during SBO is expected to have no
adverse impact on containment structure integrity.

No revision will be made to the PSAR as a result of this question.

ROCAEC Review Commients:

Item 2, please show what improvements have been made to RCIC compared with
conventional RCIC.

Further Clartfication:

The design of the RCIC for Lungmen has been improved with the use of a mechanical
feedback for flow control. It does not use the electronic feedback to adjust the turbine
steam control valve. This uses less electrical power from the station battery. It is also a
more direct and immediate feedback which improves the reliabilitv of the system to
achieve cooling water injection. The pump and turbine are capable of operation
without any electrical power. The pump and turbine are in a single case eliminating the
need for integration of two or more components. The pump and turbine are lubricated
by the water that is pumped. This eliminates the need for a separate oil system and its
associated cooling and filtering equipment. The new design is relatively simple and

very reliable.

Quustions and Answer
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Track Number:
PSAR Sections:
Question Date:

PSAR Question:

PSAR Response:

01-023

1C.2.2

March 27, 1998

. When water level in a heater is too high and emergency dumping is necessary, water hammer

wotild possibly occur as a result of hot water flashing at the outlet of the eniergency discharge
piping. Experiments done at MIT confinned this possibility (Note 1). Please explain how it
can be avoided.

Note 1. Sweeney, EJ., “Water Hammer Transients in Two-Phase Flow™ MLS. Thesis,
Department of Mechanical engineerning, MIT, 1998,

PSAR Chapter 16 Section 16B.3.5-3 required that keep fill system be provided for ECCS
discharge line. But in Chapter 6, page 6.2-141, only RHR was mentioned to have keep fill
pump. Other than that, Table 8.3-1 only listed RHR fill pump for EDG load. Please clarify
whether HPCF and RCIC also have keep fill system ? Furthenmore. which systems have
installed keep fill system ? and whether the pumps of this keep fill system get their power
from the cmergency power source ?

Based on the S&W design, the feedwater heater emergency drain control valve is an air
operated  globe valve with fal-open valve operator setup. The opening of the valve is
controlled by the pre-set water level in the feedwater heater shell. A typical 16-inch control
valve of this type will take about 30 seconds to move from fully open to tully: closed position.
Thirty scconds 1s far beyond the time needed to be classified as “rapid closure™ operation for
water hammer consideration. In the MIT June 1989 M. S. Thesis of Master of Science
* Water Hammer Transient in Two -Phase Flow”, by Edmund J. Sweency, 0.001 second
was used as the valve closure time in its “RELAP5” computer muns to simulate the
experiment,

S&W has not had any water hammers problem in our feedwater heater emergency drain
piping design i the past and have no reason to expect any water hammer problems in

Lungmen's feedwater heater emergency drain piping.

No changes will be made to the PSAR as a result of the response to the question.

2. Prior to initiation. the HPCF and RCIC are maintained in full condition by the CSTF pumps

Questions and Answer

{non-Class 1E powered) via the keep ill lines and also by the CST elevation head through the
pump suction lines.

1-36



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

After emergency initiation wath full lines, the HPCF runs continuously' in injection or min-
flow mades until it is no longer needed as detenmined by plant operator. It does not require a
separate keep fill system following its initiation.

The RCIC has an installed keep fill pump to maintain keep fill function after RCIC initiation.
After eimergeney mitiation the RCIC will evele on and off in response to RPV level signals.
The keep-ill pumyp is provided for the RCIC to maintain RCIC lincs full during the period
after RCIC emergency initiation. when the turbine-pump 1s tumed off by high reactor water
level. The RCIC keep fill pump 1s powered by an Class 1E DC power supply.

In summary, the RHR and RCIC have dedicated keep fill pumps which are powered by
Class 1E sources.

No changes will be made to the PSAR as a result of the response to the question,

ROC-AEC Review Comments:
Response to item 2 not accepted for the moment.

1.

2.

HPCF will automatically trip when Level 8 is reached. If it is needed when water
level drops again. it should be clanfied whether water hammer phenomenon will

occur (since CSTT pump 1s supplied from non-class 1E power source which could
fail during LOCA).

Since RCIC has Keep fill pump and supplied from class 1E power source, it is
suggested that Table 8.3-1 be modified to reflect these facts.

Further Clarification:

1.

2.

Questions and Answer

When level 8§ is reached the injection valve is closed and the HPCF pump will
continue to run in the minimum bypass mode. This will maintain the water level to
preclude water hammer.

RCIC. including its keep fill pump, is powered by the Class 1E 125 V DC System.
Theretore, the RCIC 1s not a EDG load and 1s not included in Table 8.3-1.
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Track Number:
PSAR Sections:
Question Date:

PSAR Question:

Response:

01-024
1A.2.9

April 20, 1998

In the last sentence of this subscction, the following statement is given “The Lungmen NPS does
not require SRV testing with liquid under low pressure conditions associated with this event as
required in past BWRs.”

Please explain this by comparing the approaches taken by Kuosheng and Lungmen NPS
respectiv ey

One of the improvements made to the ABWR was to equip each of the three RHR loops with its
own shutdown cooling suction piping connection directly to the Reactor Pressure Vessel. By
comparison. carlier vintage BWRs such as Kuosheng only had one RHR suction line
connection to the RPV. The single failure protection backup to the valve on this suction line for
these earlicr BWRSs was the Alternate Shutdown Cooling Mode. For plants like Kuosheng, the
Altemate Shutdown Cooling Mode is accomplished by flooding the RPV at low pressure,
opening the SRVs and running the RHR 1n the injection mode while passing the flov through
the RHR heat exchangers. For Lungmen. the single failure protection backup to the failure of
one RHR suction line valve failing to open is to open one of the other two RHR suction line
valves.

Thus, for Lungmen there is no need to operate the reactor in Altemate Shutdown Cooling.
Accordingly. there 1s no mode of operation for Lungmen that will discharge water through the
SRVs, and no testing of such conditions is required,
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Track Number:
PSAR Sections:
Question Date:

PSAR Question:

Response:

01-025
Chapter 1, Appendix TA

May 12. 1998

The following statements are provided in page 1A-33 of the PSAR. “The MSL tunnel area is
monitored for hieh radiation Jevels and for high ambient temperatures that are indicative of

steam leakage. The Turbine Building is also monitored for high area ambient temperatures for
MSL leakage. The resulting action causes 1solation of the MSIVs and subsequent shutdown of
the reactor.” Please clarify whether the high radiation level will cause the isolation of the MSIVs
or not.

Isolation of the MSIVs in response to steam leakage in the MSL tunnel area is provided by a
high ambient temperature signal. Thus, the MSIV isolation signal for the MSL tunnel area is
similar to that for the Turbine Building,

As explainad m the response to question 07-002, the MSIV isolation signal from the Main
Steam Line Radiation Monitor has been eliminated for Lungmen as well as for many operating
GE BWR's. The basis for the elinination of the MSL high radiation isolation signal is
documented in NEDO-31400A. ~Safets: Evaluation for Elimmating the Boiling Water Reactor
Main Steam Line solation Valve Closure Function and Scram Function of the Main Steam
Line Raciation Monitor™.  The remaining high ambient temperature signal provides a fully
redundant means of isolating the MSIVs in the event of 2 MSL steam leak.

Accordinglv. page 1A-33 will be revised to read. “The MSL tunnel area is monitored for high
ambicnt temperatures that are indicative of steaum leakage.”
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49 (Track Number) : 01-026
P83 5 (PSAR Section) : IC
#714#% 8 #3(Question Date) : 1998.5.13

F 28 P9 22(PSAR Question) -

The following statements are given in PSAR page 1C-93. “The acceptance criteria for
the resolution of Issue 145 is to demonstrate compliance with the maintenance rule,
10CFR50.65.” “A program that complies with 10CFR50.65 will be developed and
implemented.” The maintenance rule 10CFR50.65 is curently not a licensing
requirement of ROC-AEC. Will TPC implement the program on a voluntary basis?

P 28 % 7 (Responses) :

Yes.
For the details please refer to responses to question N-01-009.

Questions and Answer 140
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4, %% (Track Number) : 1-02-001

Pl %2 % &7 (PSAR Section) : 2.5.1

#14% 8 #7(Question Date) : 1997.11.17
P A8 P9 2(PSAR Question) -

2512280 1 AR RETR LA d B BAEE & 2 45 -
P 28 - 75 (Responses) :

R AL T

(DU F X FHEABIEARRITRE AR S 52512228 (page 2.5-18) # —#&
XFZ A ho TP

“As shown in table 2.5.3, Makang Formation 1s correlatable to Wuchishan Formation.
According to Huang and Liu (Reference 2.5-54), Makang Formation 1s distributed in
the southern part of Chuchih fault. It is an alternation of fine- to medium-grained pale
grey sandstone and dark shale. The sandstone is rather compact and competent. The
thickness of this sandstone is about 2 meters in general, however, some bedding with
thickness more than 5 meters in some local places usually i1s forming a hog-back
topographic expression. The shale part was subject to slight metamorphism and
appeared as an indurated argillite. The total thickness of this formation 1s about 370
meters.”

() AT X FHAABAIIIRESTH RS $25.12238 (page 2.5-19) £ —&
XFZI% 0 ko MR

“Fangchiao Formation is correlatable to the Mushan Formation and is distributed
the southern part of Chuchih fault. It is mainly the white, fine-to coarse-grained
sandstone and grey shale in alternation, occasionally with some thin interbeds of
siltstone and laminated coal seams. The sandstone is thick-bedded and cross-bedded
in appearance, representing the deposition in shallow shelf to parallic environments.
The exposed thickness of this formation is about 300 meters.
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45 (Track Number) : I-02-002
7] #8 & 87 (PSAR Section) : 253
#7142 8 #A(Question Date) : 1997.11.17

128 M 2-(PSAR Question) :

— . E2S57 WERHAEGAEEINE BT RSER -

= 322.5.3.4%\ H2S5358 R E253.6%5 ¢ ﬁfr%ﬁk%suﬁk? 521 A25-52
WoFRE - BHMAAR TR B o TETH ., EB 5. HEHN
HEZBEBERRB KAZHHA -

. F2533EAFLSISH CHMMERAYIEI EE2526 0 RET L
*?an;n;ﬁtﬁ- A IEAR M EA > HARAWER -

£2.53.78 © PIA3 4410 CFR 100 App. AT (k)& K 3532 4m 2088 o

5388 ¢ M AHELS-8P Wfox%tﬁﬁ;rzéﬂéégm
5-23 8 #1547 Past two years” & ,£7F—;t 35 BA AR 3R B 4K, o
S5-40 WTFAKEAMER1982F Bt e

i
t

N
7

B
WO W R
oo [\.)

d_

~

Fo] 28 %~ 7% (Responses)

— ~ B 198942 B £199842 A 1k 2 1045 891 » M 4% mo sk 248 10N 2 55
o A BERTIREERBIOUN L2 FREE S R PR A2 MR
WE S AEMAAAEMAAT (ERF— 2B — ~ A —) B AN
ﬁ%ﬁ A EAR AR AR EER PR ERRBIIZEAEF

B E =tk o
4R#§FH@‘] ZEM  REBETHEFEERAERNET RS EZ R
% ghiReA %ﬂ&tlwﬁ,@;—%ﬂxzﬁ@ﬁﬁ o 3R EPSARM & (M — 2
ME =) Ariitsmia R o
EEPUE 0 B EEIRE1989E L Sz B B 0 3k B HPSARAR ML
HE o TET BTSSR E -

=~ H2534% . E25358 R ELS3.6 ATAESE XBR2.521 8 442.5-52
W FRIEENE - AR EEZ IR T ETH, ERoN. HE
THEZEBERRBRZESA  HOSNATCR R CTEL RGBS
3% 4 ! “Fourth Nuclear Power Plant, Reevaluation of PSAR Section
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2.527(Reference 2.5-59) » 35 54 o

EHMALSIIGERE2S5ISH HME EH 0 BB RS A BT OB A

€% L8B3 % 1 “Fourth Nuclear Power Plant, Reevaluation of PSAR
Section 2.5.27 » L pbje kBT A4k > {288 PIPSAR 2.52%5 & 2,21 84
3t AF %3R4 5] By 24 Uk (Reference 2.5-59) -

w9~ PSARF2S53TEHH U BT > EESKZ XTI o2 8

(D

“As mentioned in Section 2.5.3, northeastern Taiwan is characterized by the
development of an imbricate thrust belt. The early phase of faults study consisted
of 5 months of field work to gather as much surface and subsurface data as
possible. Following this effort, additional field work at the phase I site study in
1981 was satisfactorily completed. The fault studies performed in the field work
ncluding trenching, aditting, inclined hole drilling, and satellite and air photo
remote sensing are to identifv fault existence and the age relationship. Six
mmportant faults namely Aoti fault, Shuanghsi fault. Kuneliao fault. Fanchiao
fault, and Wentzukeng fault were thoroughlv studied. All information collected
by the fault studies indicated that the Fanchiao fault is the voungest fault and the
age of it is older than 30.000 vears and possibly older than 100.000 vears by C-
14 age dating. Therefore. there are no capable fault in the vicinity of the site. In
1994, some trenches excavated in the vicinity of the proposed reactor site area
for the study of re-examination and re-appraisal of the site conducted by
Geological Society of China confirmed the former conclusions (Reference 2.5-
7). In addition. there are no linear features indicated by the epicenter to sugcest
the active faulting near the site, Therefore, the detailed investication of the
regional and local geologic and seismic characteristics of the site demonstrated
no need to design for surface faulting. The detailed evaluations and overall
conclusions are discussed in the following section.”

PSARE2S538O6H MU B4 TF » TRBZ X FIAHIE hoz 24
“There are numerous other small faults throughout the area. Many of these are
very old and are basically intraformational, having rocks of the same age on
either side. One of these minor faults, such as Tsankuangliao fault is an inferred
fault extending in north-west direction in_the northwest of Aoti villace.
According to Huang and Liu(1968). it was recognized by severe variation of the
attitude of strata. It was almost covered by dense vegetation and volcanic
detritus. No exposure of this fault was found. Because it was truncated by Aoti
fault and probably a right lateral strike slip fault, and was evaluated not a capable
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fault according to USNRC guideline. Where these faults like Tsankuaneliao

fault intersect the more important faults, they are invariably terminated. Many of
these smaller faults are inferred, and their locations are uncertain. None of them
i1s significant to the siting of the plant.”

(2) PSAR%2.53.8.7% fipage 25322 ¥ X TRE BT » TRLZX

D
78 0

FARFIE ho 2 By -

“Some trenches, No. 9 and No. 11, demonstrated that the terrace and colluvial
deposits overlying the Fangchiao fault are undisturbed by faulting and are
therefore younger than the age of last movement on this fault. The last movement
on the Fangchiao fault, the youngest fault in the area, is therefore older than 30,
000 years and possibly older than 100,000 years. In 1994, Professor Y. Wang,
the former president of Geological Society of China, and some other scholars
concluded on their studies of the site that the up-to-date theory and experiment
prove that the bedding-plane fault observed in the trenches and bore holes are
actuallv, prelude of . or concurrent with the relevant large scale thrust under
compressive stress field. Since the large scale thrust in the site or in the adjacent
area were evaluated as non-active, those disturbances or fractures zone
encountered in exploration program are logically interpreted to be no-active.
(Reference 2.5-7)”

%2523 8 #1547 Past two years J¥ 15 24 4

“’the year of 1980 to 1982 in phase I and phase II exploration”

AL BT KRR A AEL Pm (k) N RE RN & £ F

AR

b RAT ©0f% B 7T AE L BLAIME o H sb 445 PSAR Table 2.5-42 /K A4 #3,78]

SRR M E S R &R T EPSARE M F KT B 2 (R 914535 69 1%

T MREAANT=ZF LA BN+ NFAA ZBE T RR AR
(GHhomtt =) > F5R -

AR ERARET  BRE_EIMNEGAITTHBRRCAE

R B e D > Filihe T

(1)page 2.5-20, k. &0 B R ¥ =47 K38 fo—18 2% gk Reference 2.5-7

(2)page 2.5-27, section 2.5.3.3 % —# # — 47 » Skmf% 2L & Smiles

(3)page 2.5-27, section 2.5.3.5 % =47 » S8kmf% 2L & Smiles

(4)page 2.5-55, Table 2.5-1, % — 3] & =4 > Skmf% 2L & Smiles

(5)page 2.5-57, Table 2.5-3 % — %| % —4% » Fangchia m1% 2 % Fangchiao

Fm » Makang mf% 2k & Makang Fm
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#%E(Track Number) : -02-003
Pl 28 & #7 (PSAR Section) : 242
472 8 #8(Question Date) : 1997.11.05

7128 P9 Z(PSAR Question) :
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7] A2 % 7% (Responses)
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS

N-02-004
#»%E(Track Number) :
Pl #8 % £ (PSAR Section) 2.1.3.1
#n4% 8 #A(Question Date) : 1997.11.19

P18 A3 & (PSAR Question) :
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS

Track Number:
PSAR Sections:
Question Date:

PSAR Question:

PSAR Response:

N-02-005
Ch2.2.1.2.2

November 20, 1997

Tab water supply is a necessary resource for nuclear power plants’ operations
but no mention was made in the PSAR as to if the supply will be adequate
during the dry season? Is there any storage facility or dam at the water
source? Please explain.

Please see PSAR Subsection 2.11 “Low Water Consideration” for a
discussion on how LNPS 1 & 2 has been designed to handle periods of low
water levels. Specifically Subsection 2.11.5 states the following;

“The fresh water supply requirements for the two units is about 0.05¢m which
1s less than the minimum recorded flow at the Shuang Chi hydrometric station
(Table 2.4-12). However, to cope with the low water flow resulting from the
drought, the raw water reservoir of 120,000m3 capacity will be constructed at
the Yenliao site (Figure 2.4-4) to ensure all plant raw water supply
requirements are maintained.”

No changes in PSAR Section 2.2.1.2.2 are required.
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS

Track Number:  N-02-006

PSAR Sections: Ch 2.5.4.8

Question Date: November 19, 1997

PSAR Question:

The description for soil liquefaction potential in this section is too brief. Please
supplement with the following information:

|8

™o

PSAR Response:

)

Questions and Answers

Are all safety-related structure foundations founded on rock? Please
provide profiles for Units 1 and 2, indicating ground water table, structure
foundations and rock structure, and NS and EW section views.

Is there a soil liquefaction potential for shallow structures? If soil settles
due to liquefaction, what would be the consequences to the safety-related
structures?

All safety-related foundations are founded on rock. Section views of the
NS and EW directions showing safety-related foundations, rock structure,
and water table will be prepared and inserted into the PSAR. These new
sections views will be labeled “Figure 2.5-12a Geologic Section A-A (NS
Section)” "Figure 2.5-12b Geologic Section B-B (EW Section)”, and
“Figure 2.5-12¢ Geologic Section C-C” and will replace the current
Figure 2.5-12.

The following statement will be added to the end of PSAR Subsection
2.5.4.8: “The section views of the NS and EW directions showing safety-
related foundations and rock structure are presented in Figure 2.5-12.
The ground water height is very close to the grade elevation (Refer to
Subsection 2.5.4.6 and Figures 2.4-14 2.4-15 and 2.5-13).”

All foundations founded on the overburden have the potential to settle due
to liquefaction in an SSE. 1If a shallow founded building adjacent to a
safety-related structure settles due to liquefaction, it has the potential to
damage the adjacent safety-related structure. Hence, all shallow founded
structures that are adjacent to a safety-related structure will be founded on
rock or all of the underlying overburden will be removed and replaced
with lean concrete to minimize any potential damage to a safety-related
structure due to liquefaction or demonstrate that failure of the non-safety-
related structures will not damage safety-related structures.
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS

Qucstions and Answers

The following statement will be added to PSAR Subsection 2.5.4.8
immediately after the first sentence: “To minimize potential damage to a
safety-related structure due to the liquefaction of soils under adjacent
non-safety-related structures, the adjacent non-safety-related structures
will be either founded on rock or the underlying overburden will be
removed and replaced with lean concrete or demonstrate that failure of
the non-safety-related structure will not damage safety-related structures.”
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS

#n9E(Track Number) : 02-007
] & 7 (PSAR Section) : 2.3.1 Local Meteorology
#74% 8 #7(Question Date) : 1998. 04. 08

148 7 Z.(PSAR Question) :
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS
Track Number: ~ 02-008
PSAR Sections:  2.5.4.6
Question Date:  April 3, 1998
PSAR Question:

The underground water table at the site is close to the surface and if only
drainage ditches and water sumps are used during construction to maintain
dryness at the excavation area, it is doubtful it will prevent the same situation
that happened in Chinshan unit 2 where water intrusion was found under the
torus. Please explain.

Response:

The Lungmen NPS Units 1 and 2 shall have a pérmanent dewatering system
for operation. See PSAR Subsection 2.5.4.12. In addition, a waterproofing
membrane having a life time of 40 years is being implemented. Both features
combined will prevent water intrusion as it occurred in Chinshan unit 2.

No changes to the PSAR will be made as a result of the response to this
Question.
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS
Track Number:  02-009
PSAR Sections:  2.5.4.12

Question Date: March 10, 1998

PSAR Question:
After improvements to subsurface conditions are done, evaluations should be
performed to determine the strength of the rock and when loads are applied,
their impact on the rocks. Please explain.

Response:

The foundations of all major buildings, including safety and non-safety-related
are deep in the intact rock. No foundation treatments are expected or
required. If the actual bedrock conditions are not as previously assumed a
treatment program will be developed, executed, and recorded. The results of
the comparison of assumed rock conditions with actual and any executed
treatment programs will be described in the FSAR.
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS

Track Number

PSAR Sections:

Question Date:

PSAR Question:
2.
Response:
1.

38}

02-010
2.3

¥larch 23, 1998

It was discussed in PSAR Chapter 15 Accident Analysis that the Standby
Gas Treatment System requires a stack height of 116 meters. Is the
meteorological data sufficient to cover this stack design? Please clanfy.

Has proper evaluations been performed for the possibility that the stack
might collapse and jeopardize other safety related structures in the plant as
required by R.G. 1.70 Section 2.2.17 Please explain.

Yes, areview of Regulatory Guide 1.23 and SRP 2.3.3 show sufficient data
and measurements made at various heights consistent with the regulatory
requirements..

SRP Section 2.2.3 does not require a failure analysis of any structure located
on the Lungmen NPS Unit 1 and 2 site. PSAR Section 2.2.3 is for offsite
hazard evaluations. The SGTS stack design will be documented in
Subsection 3.8.4 of the FSAR. It will be designed such that it will not
collapse in an SSE nor fail to perform its safety-related function.

No changes to the PSAR will be made as a result of the response to this
Question.
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS

Track Number:

PSAR Sections:

Question Date:

PSAR Question:

Response:

02-011
2.54.6

March 10, 1998

This section stated that the groundwater level at Lungmen is already close to
surface. What is causing it and is it still rising? What are the impacts to the
site? Please explain.

The ground water in the Lungmen NPS site area is divided into two regions.
A northemn region and a southemn region. The two regions are divided by
Chihting Chi Creek. Lungmen NPS is located South of Chihting Chi Creek in
the Southern region. A ground water monitoring program was put in place at
Lungmen NPS site and its vicinity (See PSAR Subsection 2.4.12.1.3). Based
on these observations it was determined that the fluctuations in groundwater
level are seasonal in nature and are related to the amount of precipitation in the
region, (See PSAR Subsection 2.4.12.2.3). Only 1 well (GM1), which is
located North of Chihting Chi has records that show water levels above plant
finished grade.

Since the design basis for hydrostatic loading is at plant finished grade (See
PSAR Subsection 2.4.12.4), and no observation wells South of Chihting Chi
Creek have records that show water levels above plant finished grade (PSAR
Figure 2.4-14), the fluctuations of water level will have no impact on the site.

No changes to the PSAR will be made as a result of the response to this

-Question.
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS

“a9%(Track Number) : 02-012
P9 %8 % & (PSAR Section) : 25.12,2542
#14E 8 #4(Question Date) : 1998.5.18

#1228 M Z(PSAR Question) :
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS

Track Number:  02-013

PSAR Section: 2.54.6

Question Date: Vlay 18, 1998

PSAR Question:

1. This section stated that pumping arrangement will keep the plant site water
table under control. Please confirm whether there will be pumping system in
Lungmen in future.

o

Since pumping system will affect the groundwater conditions, please

confirm if there is plan to investigate the groundwater usage and the impact

on the groundwater distribution. This investigation should be conducted for
unit 1 and unit 2 locations.

(WB]

The groundwater distribution (such as Figure 2.4-8 to 2.4-10) should

include the water flow direction and velocity.

RESPONSE:

(98]

As committed in PSAR, permanent dewatering systems for major
buildings will be provided in order to eliminate the groundwater seepage
problem.

The design basis for the dewatering system is that the running of the
system should not result in a lowering of the water table. Since only a
very localized reduction in the water table is expected, the investigation on
the effect of the dewatering system on civilian water use is not conducted.
The aquifer -coefficient of conductivity in Lungmen region is 0.0002
cnvsec (2.4.12.2.4). Because Lungmen Nuclear Power Plant does not
use groundwater for operations and running of the dewatering systems
does not change the flow pattern of groundwater, further discussion on
flow directions and velocities of groundwater is not required in PSAR.

No changes will be made to the PSAR as a result of the responses to the above
Questions.
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS

Track Number: 02-014

PSAR Sections: 2.54.5
Question Date: May 18, 1998
PSAR Question:

This section on the site backfill monitoring plan only showed some figures. Is
there any backfill plan and relevent control and audit procedures? Please
explain.

Response:

For Lungmen NPS, the technical requirements for excavation and backfill
were developed by the design engineers responsible for the facility/structure.
The guidelines for the construction QC/QA program are provided in those
technical requirements. In the construction plan for excavation and backdill,
~ the technical requirements and the QC/QA program were included as a part of
the overall plan to govemn the quality of the field excavation and backfill work.

No changes will be made to the PSAR as a result of the response to this
Question
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS

Track Number:  02-015

PSAR Sections:  2.5.4.3

Question Date: May 18, 1998

PSAR Question:
Table 2.5-10 listed the mechanical properties of the rocks at the Lungmen site.
What sampling basis has been used? Is it representative of the unit 1 and unit 2
conditions? Please explain.

Response:
The mechanical properties listed in Table 2.5-10 covers a range of mechanical
test analysis results for rock samples taken from Unit 1 and Unit 2 sites during

the Phase II geological survey.

PSAR Table 2.5-10 will be changed as follows: The column headings will be
modified from “Sample 17 and “Sample 27 to “Unit 17 and “Unit 27
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS

4 %% (Track Number) : 02-016
1] 28 % &7 (PSAR Section) : 2.0
#1 4% 8 #A(Question Date) : 1998.5.18

i1 28 P9 Z.(PSAR Question) :
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS

4 3% (Track Number) : 02-017
728 % 83 (PSAR Section) 2.5423
#7142 B £#7(Question Date) : 1998.5.18

F1 %8 79 Z.(PSAR Question) :

AR R AR SRR B R G T HILH R A
17200 > 48R0 & 232 A B 2 308 3 & B AFSAR ¥ = F ¢1F —3f tm ey 453t

FEFE o
P A8 % (Responses)

MR E M A AN A ® A @R AT B AT R
1/200 2. 1/10002 8 8 B 814 » 363080 4 2 R 147 3 m 345 SLIR 3 - 18 2
W8 BB 48 A R R IRAE 8 R F 2 8 NFSARF -

Questions and Answers 2-23



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

%% (Track Number) : 02-018
1R % 85 (PSAR Section) : Sec.2.5
F#71%% B #8(Question Date) : 1998.5.10

1128 P . (PSAR Question) :
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Gy S S, §

PSAR Sec. 2.5.(4) &(5) #1524 ko F:

Section 2.5.(4) Summary of Geotechnical Engineering

The Units 1 and 2 area of Yenliao site consisted of a soil veneer comprised of
unconsolidated clay, silt and sand with minor amounts of cobbley gravel, which overlie a
generally hard, well-indurated series of interbedded , fine-grained sedimentary rocks. Part
of site preparation, excavation of the cut slope to the south and west of the power block area
the mass excavation grade work have been conducted. The recommended foundation
design parameters provided in Section 2.5.4 are based on exploration and testing conducted
assuming a plant grade of 12 m above sea level. Therefore, the assumed parameters for
foundation design can be evaluated and determined.

Section 2.5.(5) Conclusions

(@~ 7 2

(e) A Fx & % — €] 1% 2% "The foundation rock will be mapped in detail by an experienced
onsite engineering geologist as excavation proceeds.”

GEL
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS

Track Number:  03-001

PSAR Sections: Ch3.7.2.1.5

Question Date: December 22,1997

PSAR Question:
1.

PSAR Response:

Questions and Answers

Section 3.7.2.1.5 talks about the dynamic analysis of nuclear power plant
buildings but the description in PSAR is very little. For instance, there is
coupling relationship between reactor building and reactor internals and
similarly, therer are coupling relationship between building structure (main
system) and associated internal structures (sub-system) in control building
and turbine building respectively but no explanation was given for these
building in 3.7.2.3 either. Please supplement with explanation of what
factors should be considered in dynamic analysis? This should make the
dynamic analysis of nuclear power plant buildings more complete.

In Section 3.7.2.1.5 which describes the dynamic analysis of nuclear
power plant buildings, should rocking effect be considered due to
horizontal motion of the ground surface?

Analysis of Seismic Category I (SC I)structures and the Reactor Pressure
Vessel (RPV) is accomplished by using the response spectrum or time-
history approach as discussed in PSAR Subsection 3.7.2.1. Subsection
3.7.2.1.1 describes the equations of Dynamic Equiibrium for Base
Support Excitation. Subsection 3.7.2.1.2 shows the solution of the
Equations of Motion by Modal Superposition. ~Subsection 3.7.2.1.3
discusses Analysis by Response Spectrum Method. These are generic
approaches to the dynamic analysis. As discussed in Subsection 3.7.2.1.5,
the dynamic analysis of all Seismic Category I buildings will be performed
using one of the methods indicated above. Dynamic modeling for Seismic
Category 1 buildings (i.e, RB, CB and AFB) follows the approach
described in Subsection 3.7.2.3.1.

The question on coupling between system and subsystem within a single
building has also been raised in Track No. 03-002. Coupling effect
between main system and subsystem is considered as described in Section
3.7.2.3.1, is applied to any SC [ building (e.g., the RB, CB and AFB) and
is discussed further in the response to Track No. 03-002. The control
building and turbine building are separate individual buildings and there is
no structural coupling relationship between them (see Subsection 3.8.4).
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS

The details of dynamic analysis performed for the RB, CB and AFB will
be provided in the FSAR.

There is no change required to the PSAR from the above response.
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS

Questions and Answers

The rocking effect due to horizontal ground motion is automatically
accounted for in the soil-structure interaction (SSI) analysis using SASSI
code as described in Subsection 3.7.2.4. Whenever a building response is
calculated from a second step dynamic analysis, rocking effects are
mcluded as input simultaneously applied with the horizontal translational
motion at the basemat.

There is no change required to the PSAR from the above response.
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS

Track Number:
PSAR Sections:
Question Date:

PSAR Question:

PSAR Response:

03-602
Ch3.7.23

December 24, 1997

When system-subsystem interaction is considered, the methodology described
in Reference 3.7-8 was employed. And hydrodynamic mass dervation,
referenced in 3.7-3, was used in the modeling of reactor pressure vessel and
internal. Please explain the advantages and disadvantages of the two methods
introduced in those two references and its assumptions ? And since those
methods are described in periodicals, what is its applicability ? any experience
it has been applied to power plants? Please explain.

The Equipment-Structure Interaction (ESI) methodology described in
Reference 3.7-8 was used on WATTS BAR Nuclear Power Plant of TVA
which was reviewed and accepted by the USNRC. This method is based ona
dynamic substructuring method in which the equipment-structure interaction
system is partitioned into the Single-Degree-of-Freedom ( SDOF) system
representing the equipment and the equipment support impedance
representing the dynamic characteristics of the structure at the equipment
support. The method is mathematically exact and can be applied to any linear
system-subsystem of equipment supported on structural system. The
developed response spectra are more realistic than the conventional floor
response spectra in which the ESI effects are ignored.

Reference 3.7-3 for hydrodynamic mass derivation has been used in all GE
BWR plants since the method was developed. In order for the determination
of the system dynamic response of the reactor pressure vessel (RPV) and the
internals to be realistic, the inclusion of hydrodynamic mass is mandatory to
account for dynamic effects of water in the RPV.

There is no change required to the PSAR from the above response.

Questions and Answers 34



RESPONSES TO ROC-AEC’s PSAR QUESTIONS
Track Number: ~ 03-003
PSAR Sections: ~ Ch3.7.4.4
Question Date: ~ November 21, 1997
PSAR Question:

In the judgement of OBE Exceedance, the PSAR has listed Response
Spectrum and CAV vertfications but according to REG GUIDE 1.166,
another Instrument Operability check has to be included besides the two
mentioned. Please confirm and modify if needed.

PSAR Response:

Yes, the Instrument Operability Check will be included in the judgmént of the
OBE Exceedance.

Subsection 3.7.4.4, first sentence will change to read “Within four hours after
the earthquake; the 5% damped response spectrum, the CAV, and a check on
the operability of the instrumentation for each of the three components of
recorded data in the free field will be obtained and evaluated to determine if

OBE is exceeded and plant shutdown is required as defined in Regulatory
Guide 1.166.”

The PSAR will be revised as indicated in the response above.
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Track Number:

PSAR Scctions:

Question Date:

PSAR Question:

03-004
Ch3.12

November 24, 1997

In the GE ABWR SSAR there is one section on Tunnels (including Main
Steam Tunnel, Safety Related Tunnel and Miscellaneous Tunnel. etc.) but the
PSAR submitted has no such section. Please provide such section or explain
why it is not there.

PSAR Response:

The ABWR SSAR Section 3.12, “Tunnels”, is not required by Regulatory
Guide 1.70, Revision 3, and Standard Review Plans for Chapter 3, but was
ncluded in the SSAR to provide a top level summary of the safety measures
incorporated into overall ABWR standard plant.

The USNRC did not require a separate evaluation of ABWR SSAR Section
3.12 information for their safety evaluation of the SSAR. For the Lungmen
NPS PSAR, it was thought more approprate to adhere to the SRP and not
incorporate Section 3.12, provided equivalent information will be located
elsewhere in other sections of the Lungmen NPS FSAR. ABWR SSAR
Section 3.12 contains information which will be included in other sections of
the Lungmen NPS FSAR.

The information in ABWR SSAR Subsection 3.12.1, Main Steam Tunnel, is
located in the Lungmen NPS PSAR. Detailed analysis of these features will be
ncluded in the Lungmen NPS FSAR

Comparison of ABWR SSAR 3.12, “Tunnels” and Lungmen NPS PSAR
Section 3.4, “Water Level (Floods) Design” indicates, as shown below, that
much of the SSAR contents of 3.12 pertaining to floods have been included in
PSAR Section 3.4:

a. SSAR 3.12.1.1: Floors and walls to be water tight.
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PSAR 3.4: Covered in Section 3.4.1.1.2.

SSAR 3.12.2.1 through 3.12.2.3: Mainsteam tunnels are designed to
withstand the effects of high energy line breaks and to vent the resulting
pressure buildup to atmosphere.

PSAR 3.4: Covered in Section 3.4.1.1.2.

¢. SSAR 3.12.2.1(6): Tunnels will contain leak detection equipment and

provision for water removal,
PSAR 3.4: Section3.4.1.1.2: MSL tunnel area is instrumented.

d. SSAR 3.12.2.3: Flooding of the tunnels due to site flood conditions will be

precluded by protecting the entrances of the tunnel from water entry.
PSAR 3.4 : Section3.4.1.1.2 -a, b and ¢ covers above.

There is no change required to the PSAR from the above response.

ROCAEC Review Comments:

The steam tunnel design basis specified in SSAR 3.12.1.1 could not be
found in (PSAR) 3.4.1.1.2 and 3.4.8. The description of the Steam tunnel
design basis consists of 2 parts, one is on the standing weight
consideration and the other one is on the consideration between the
buildings. Please take into account these two considerations into the
relevant PSAR sections.

SSAR 3.12.2.1t03.12.2.3 are on safety-related tunnel matters and not on
descriptions of steam tunnel  resistance to pipe break. The response was

not to the question and please re-explain.

10. PSAR only stated that the steam tunnel has capability to withstand

I

dynamic effects of pipe break in the reactor buiding and control building.
Does that mean turbine building is not considered?

Steam tunnel goes through R/B, C/B and T/B and is an integral structure.
The response classified the seismic category of the tunnel according to the
building it is in and it is SC I in R/B and C/B and SC Il in T/B. Since the
steam tunnel is an integral structure, this division into two different
categories should be reexamined.

12. Please include each of the requirements in SSAR 3.12 clearly into the

various sections of PSAR. The current response is too vague that they will
be included.

Additional Clarifications:

3.

The PSAR section 3.4 information, which is the general flood protection
design cniteria, will be met for all seismic category 1 structures in their
design. As was mentioned in a response above, the steam tunnel detailed
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10.

11

12,

Questions and Answers

flooding evaluation will be included in the FSAR as part of the Reactor,
Control, and Turbine Building flooding evaluations. The flooding
evaluation of the structure will include the expansion joints (see Comment
11 below) between the RB and CB and the CB and TB, and will consider
the standing water height due to flooding.

The information contained in SSAR Sections 3.12.2.1 through 3.12.2.3
will be included in a new PSAR Section 3.8.1438, Safety-Related
Tunnels, at this tine. The SSAR information will be included as
applicable to the Lungmen safety-related tunnels; most of the information
regarding safety-related aspects, such as earthquake, flood (including
hydrostatic head), pipe break dynamic effects, fire and environmental
conditions, is applicable. It should be noted that the this new section
would not be consistent with the format of Regulatory Guide 1.70 and
SRP 3.8.1, because some information would be out of place in
accordance with the formats. Therefore, in the FSAR, the information
will be distributed appropriately.

The steam tunnel in the Turbine Building will be designed for a high
energy line break similar to the commitments for the steam tunnel in the
reactor building and control building.

There are two expansion joints in the main steam tunnel. One is located
between the Reactor Building and Control Building and the other located
between the Control Building and Turbine Building. They allow the
individual buildings to move independently in an earthquake. The safety
class of the tunnel will change at the expansion joints between the Control
Building and Turbine Building. As noted in clarification to Comment 10
above the steam tunnel in the Turbine Building will be designed for a high
energy line break similar to the commitments for the steam tunnel in
reactor building and the control building.

The PSAR Sections 3.4 and 3.8 will be revised as attachment in the PSAR
amendment.
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TRACK No. 03-004
Lungmen NPS PSAR (Insertion of New Sections)

PSAR Section 3.8
3.8.4.1.8 Safety - Related Tunnels
3.8.4.1.8.1 Main Steam Tunnel

The Main Steam (MS) tunnel is a low Jeakage reinforced concrete structure. The MS
tunnel is located well above the grade and will not be subject to inundation from site
flooding. 1t will be designed for loads resulting from high energy pipe break inside the
tunnel. In addition, the MS tunnel is designed for the loads and load combinations
applicable to RB and CB for the portion inside these buildings.

There are two expansion joints in the MS tunnel. One is located between the Reactor
Building and Control Building and the other is located between the Control Building and
Turbine Building. They allow the individual buildings to move independently in an
earthquake. The safety class of the tunnel will change at the expansion joints between the
Control Building and the Turbine Building. The steam tunnel in the Turbine Building will
also be designed for a high energy line break.

3.8.4.1.8.2 Reactor Service Water System Tunnel
3.8.4.1.8.2.1 Description
The purpose of the Reactor Service Water (RSW) tunnel is to provide protected and
divisionalized pathway for piping, power cable and instrumentation and control cable
between the Control Building and the RSW System Pump House. The RSW tunnel is a
reinforced concrete structure.

3.8.4.1.8.2.2 Design Basis

(1) The tunnel will be designed to applicable safety requirements of seismic,
flood and environmental conditions in order to maintain the RSW system
safety function. Seismic requirements shall be in accordance with
Subsection 3.7.3.12.

(2) The tunnel will be designed to ensure that the integrity of the RSW System
piping penetration at the Control Building is maintained under pipe break
conditions.

(3) The tunnel will be designed to ensure its design basis functions even under
internal piping system breaks.

) Site flooding of the tunnel will be precluded by tunnel entrance protection at
the pump house.

The loads, loading combinations will be in accordance with PSAR Subsection 3.8.4. The
analysis results will be supplied with FSAR.

PSAR Section 3.4
3.4.1.1.2.8 Evaluation of Reactor Service Water System Tunnel
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Analysis of potential flooding within the service water tunnel will be considered
and the analysis results will be supplied with the FSAR.
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Track Number:  03-005
PSAR Sections:  Ch3.13
Question Date:  November 24, 1997
PSAR Question:

In the GE ABWR SSAR there is a section on Secondary Containment and
Divisional Separation Zones Barrier Considerations but the PSAR submitted
has no such information. Please provide this information or explain why it is
not there.

PSAR Response:

The ABWR SSAR Section 3.13, ”Secondary Containment and Divisional
Separation Zones —- Barrier Considerations”, was not required by Regulatory
Guide 1.70, Revision 3, and Standard Review Plans for Chapter 3, but was
included in the SSAR to provide a list of references to the rest of the SSAR
and a top level summary for the convenience of the U.S. Advisory Committee
on Reactor Safeguards (ACRS) of the safety measures incorporated into
overall plant relative to the barrier provisions.

The USNRC did not require a separate evaluation of Section 3.13 information
for their safety evaluation (FSER) of the SSAR. For the Lungmen NPS
PSAR, it was thought more appropriate to adhere to the SRP, which does not
include Section 3.13, provided equivalent information will be located
elsewhere in other sections of the Lungmen NPS PSAR and FSAR.

The key SSAR subsection 3.13.3, General ABWR Containment Structures,
Systems and Barrier Descriptions, provides references to other locations in the
SSAR that deal with various information on the barriers provided in the
ABWR design. The PSAR also includes counterpart locations which provide
similar information as listed below:

Overall Plant Design and equipment Refer to Figures 1.2-2 thru 1.2-31

Layout

Reactor Building (RB) Refer to Section 3.8 and Figures
1.2-4 thru 1.2-12

Secondary Containment (SC) Refer to Section 6.2 and Figures
1.2-4 thru 1.2-12

Divisional Separation Zones (DSZ) Refer to Figures 1.2-2 thru [.2-12

Design  Basis  Accident  Inside Refer to Section 6.3 and Chapter 15
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Containment

Breaks
[nside

Outside
Secondary

Design  Basis
Containment
Containment

Reactor Building/Secondary
Containment/Divisional Separation
Zone - HVAC Systems

Secondary Containment Penetrations

RB/SC Fire Hazard Analysis

RB/SC Flooding Analysis (Intemal and
External)

RB/SC/DSZ Safe Shutdown Equipment
— Qualifications

Engineered Safety Features
Postulated Pipe Break Aspects
PRA - Plant and Public Risk Analysis

Technical Specifications- Containment
Structures and Systems

RESPONSES TO ROC-AEC’s PSAR QUESTIONS

Refer to Section 6.3 and Chapter 15

Refer to Section 9.4, Figures 9.4-3
thru 9.4-5

Refer to Section 6.2, Table 6.2-9

Refer to Appendix 9A, Table 9A.6-
2

Refer to Section 3.4, Table 3.4-1
and Section 2.4.10

Refer to Appendix 31 and Tables
3.6-1 and 3.6-2

Refer to Sections 6.2, 6.3 and 6.4
Refer to Section 3.6

Refer to Sections 15.6.6 and 19.6
and Appendix A, Attachments AJ
and AM

Refer to Chapter 16

Additional detailed design information regarding barriers, which is being
developed now, will be provided in the FSAR.

There is no change required to the PSAR from the above response.
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Track Number:
PSAR Sections:
Question Date:

PSAR Question:

LI

PSAR Response:

[O8)

03-006

Ch3A

November 21, 1997

. This Appendix is on Soil Structure Interaction Analysis. There is no

information provided in this section. Please explain why until FSAR will
there be any information provided.

. In general, once the site is determined the Site-Specific Geotechnical Data

will be collected and analyzed. Please provide the soil dynamic (non-linear)
characteristics, i.e., strain dependent soil properties (such as damping, shear
modulus and crevice water pressure), soil layer structures and properties
(including pressure wave velocity and shear wave velocity), etc. for the SSI
analysis.

. Please bnefly describe the methods for analyzing the soil structure

interactions and the software used SASSIL

. Information on SSI analysis was not provided in PSAR since the design of

Nuclear Island Category 1 Buildings is still in progress. The results of the
analysis will be supplied with FSAR. The SSI methodology is described in
Subsection 3.7.2.4 of the PSAR.

. The various soil characteristics are discussed in detail in PSAR Section 2.

Strain dependent soil damping ratios and the shear modulus are shown in
Figure 2.5- 26. The values of these properties are also listed in Tables 2.5-
16 and 2.5-17. Soil/ Rock properties are discussed in Subsection 2.5.4.2.3.
Pressure wave velocity and shear wave velocity values are shown in
Subsection 2.5.4.2.4.

. Subsection 3C.5 describes the Soil Structure Interaction Analysis Software,

called SASSIL.  Also Subsection 3C.6 describes Free-Field Site Response
Analysis Code, -SHAKE, which is used to generate input data for SASSI
program. These two, along with Subsection 3.7.2.4, describe the
methodology of soil structure interaction.

There is no change required to the PSAR from the above response.
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Track Number:  03-007

PSAR Sections: Ch3C

Question Date: November 21, 1997

PSAR Question:

Most of the computer programs described in this Appendix did not mention
which of the four buildings listed in 3C.1 it applies to ? Please provide this
information in PSAR (similar to the Extent of Application in the GE Standard
SAR).

PSAR Response:

The following is the response to the question.

()

)

©)

™

©)

ANSYS : This 1s a general purpose program and is used for the analysis
of Containment Internal Structures.

SSDP-2D: This program is used for Reactor Building, including RCCV,
Control Building and Auxiliary Fuel Building concrete section analysis.

NASTRAN: This program is used in the analysis of Reactor Building
(RB), Control Building (CB), and Auxiliary Fuel Building (AFB).

SASSI: This program is used for the Soil-Structure analysis of Reactor
Building, Control Building, and Auxiliary Fuel Building,

SHAKE: This program is used with SASSI analysis for RB, CB, and
AFB.

GT STRUDL: This 1s a general purpose program and is extensively used
on the project on various buildings such as Turbine Building, Water
Treatment Building, etc.

TEMCOM: This program is used for Reactor Building and Control
Building thermal analysis.

SCOTH: This program is used for generation of artificial time histories for
seismic design ground motions for Seismic Category 1 Structures,
Systems, and Components.

The PSAR will be revised to reflect the response above.

Qucstions and Answers

3-14



RESPONSES TO ROC-AEC’s PSAR QUESTIONS
Track Number: ~ 03-008
PSAR Sections:  Ch 3M.2
Question Date:  November 25, 1997
PSAR Question:

The URS design pressure for the low pressure piping is 0.4 x 7.07 Mpag.
Please explain why the 0.4 was adopted ?

PSAR Response:

This value of 0.4 is the ratio of the low pressure piping design pressure (for
ISLOCA) to the reactor coolant systemi (RCS) normal operating pressure.
Pipe designed for 0.4 times RCS operating pressure will maintain its integrity
if exposed to RCS operating pressure. Using a design pressure of 0.4 times
the normal RCS operating pressure and schedule 40 pipe provides basis for
assuring the pipe can withstand full reactor pressure without bursting. This
value was proposed by GE and adopted by NRC for the certified ABWR
(Reference: NUREG -1503, ABWR FSER Section 3.9.3.1.1)

There is no change required to the PSAR from the above response.
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Track Number:  03-009

PSAR Sections:  Ch 3MA.11.1.2

Question Date: November 25, 1997

PSAR Question:
It was mentioned that “CRD piping is not upgraded to the URS design
pressure because the maximum static head is 0.159 Mpag”. Please explain
why the static head and design pressure have nothing to do with URS.

PSAR Response:
This referenced sentence is not clear as to which system pipe it addresses and
shall be deleted. The sentence applies to the CSTF portion of the CRD
suction line which is not exposed to the RCS pressure and is covered by
Section 3SMA.11.1.1. This piping section is an extension of the low pressure
sink and does not need to be designed to the URS design pressure for RCS
operating pressure per Lungmen PSAR Section 3M.3 item (3). The CRD
system suction piping identified in 3MA11.1.2, second item, is designed to

URS design pressure as described in Section 3MA.S.

The PSAR will be revised as indicated in the response above.
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Track Number:
PSAR Sections:
Question Date:

PSAR Question:

PSAR Response:

03-010
Ch 3.6.2.1

January 2, 1998

This section describes the criteria used to define break and crack locations.
Since in high-energy fluid system only pipe break is considered and in
moderate-energy fluid system, crack can be considered. So it is essential to
define clearly the pipings as either high-energy fluid system or moderate-
energy fluid system. In Section 3.6.2.1.1, piping systems are classified as
moderate-energy fluid systems when they operate as high-energy piping for
only short operational periods. By this classification, HPCF, RCIC and SLC
will be classified as moderate-energy fluid systems. But in SRP classification
no such exception was adopted. There, when break or crack was to be
decided, crack was considered for high-energy fluid system which operates for
only short periods. It is questionable that in the PSAR such change in the
definition was adopted for the exceptions. Please clanfy.

The definition of moderate-energy fluid systems provided in Section 3.6.2.1.2
is in accordance with SRP 3.6.2, Revision 1 - July 1981. Page 3.6.2-16 of
SRP 3.6.2 states that, through-wall leakage cracks instead of breaks may be
postulated in the piping of those fluid systems that qualify as high-energy fluid
systems for only short operational periods but qualify as moderate-energy fluid
systems for the major operational period. Note 6, at the bottom of page
3.6.2-16 of SRP 3.6.2 states that, an operational period is considered “short” if
the fraction of time that the system operates within the pressure-temperature
conditions specified for high- energy fluid systems is about 2 % of the time
that the system operates as a moderate-energy fluid system.

The HPCF and SLC fluid systems inside containment are defined as high-
energy fluid systems. The HPCF fluid system outside containment up to the
outermost isolation valve is defined as a high-energy fluid system. The HPCF
fluid system outside containment beyond the outermost isolation valve is
defined as a moderate- energy fluid system, since it operates at high-energy
fluid temperature and pressures about 2% of the time that the system operates
as a moderate-energy fluid system. The SLC fluid system outside
containment up to the injection valves is defined as a high-energy fluid system.
The SLC fluid system outside containment beyond the injection valves is
defined as a moderate-energy fluid system, since it operates at high-energ;
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tluid temperature and pressures about 2% of the time that the system operates
as a moderate-energy fluid system,

The steam supply portion of the RCIC system up to the RCIC turbine is
defined as a high-energy fluid system. The remainder of the RCIC system is
defined as a moderate-energy fluid system, since it operates at high-energy
fluid temperature and pressures about 2% of the time that the system operates
as a moderate-energy fluid system.

There is no change required to the PSAR from the above response.
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Track Number:
PSAR Sections:
Question Date:

PSAR Question:

PSAR Response:

03-011
Ch3.6.1.1.3

January 2, 1998

In the 3.6.1.1.3 section on Assumptions, failure of non-Seismic Category I
piping will not have the same effect as essential system, component or
equipment. But in section 3.2, certain non-Seismic Category I steam line was
defined as category II considering seismic dynamic effects. Should this seismic
dynamic effects be used to classify a system as essential system ?

No. The fact that the non-Seismic Category I main steam line described in
Section 3.2 is dynamically analyzed for seismic loads does not imply that
portion of the system should be classified as an essential system.

Section 3.6.1.1.3, item 5, states that the failure of a non-Seismic Category I
piping must not result in falure of essential systems, components and
equipment. In order to satisfy this assumption, the essential systems,
components and equipment wil be protected from any postulated failures of
non-Seismic Category I piping, such as the non-Seismic Category I steam line.
The non-Seismic Category I steam line is dynamically analyzed to ensure that
it will not fail during a seismic event.

There is no change required to the PSAR from the above response.
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Track Number:
PSAR Sections:

Question Date:

PSAR Question:

PSAR Response:

03-012
Ch3.6.1.3.2.3

January 2, 1998

It was explained in this section that the combination of both SSE and HELB
1s considered in the design of steam tunnel so that steam tunnel will maintain
its integrity under the conservative load. Therefore, HELB in the steam
tunnel will not affect control room habitability. But has the dynamic effect
accompanying HELB been considered ? There are some high energy pipings
n the steam tunnel that are not essential systems. Has their effect on control
room habitability been evaluated ?

Yes, the dynamic, flooding, and pipe reaction effects of HELB in the steam
tunnel are considered in the structural design of the Main Steam tunnel. The
pressure and dynamic loads including pipe reaction effects are specified as the

a’ and the 7 loads in Section 3.8.1.3.5. The structural design
requirements for the steam tunnel for these loads is documented in Section
3.834.

Yes, the effect of HELB beyond the outboard isolation valve (in essential and
non-essential piping) on control room habitability is evaluated. Since, the
steam tunnel is vented to the Turbine building as described in Section 6.2.3 .2,
a HELB inside the steam tunnel will not effect control room habitability.

There is no change required to the PSAR from the above response

ROCAEC Review Comments:

[s there any non-SC I pipings in steam tunnel ? Is steam tunnel SC I
structure 7 If yes, then under SSE, would those pipe breaks cause damage to
the control room ?

Further Clarifications:

Yes, the following non-SC I pipe lines are in the steam tunnel: The sections of
main steam piping and feedwater piping from the seismic guides to the exit
points from the tunnel toward the turbine building (see PSAR Figures 3.2-1

and 3.2-2), and a section of the main steam drain line from the second isolation
valve to the exit point from the tunnel toward the turbine building (see PSAR
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Figures 3.2-1), and a section of the RCIC steam drain line up to the exit point
from the tunne! toward the turbine building.

Pipe breaks are postulated for all high-energy piping in accordance with the
criteria 0 PSAR Sections 3.62.1.4.4 and 3.6.2.1.4.5. Tligh energy piping
include SC 1 as well as SC 1l pipmg that have maximum operating
temperature >93° C and maximum operating pressure >1902.5 kPaG (see
PSAR Section 3.62.1.1). DPipe whip restraints (PWRs) are provided, if
necessary, for all high-energy lines in the steam tunnel in accordance with
PSAR Sections 3.6.1.3.2.4 and 3.6.1.3.3. The PWRs would be provided to
protect the steam tunnel from a potential impact from pipe whip in accordance
with PSAR Sections 3.6.2.3.2. Furthermore, the steam tunnel is also designed
for pressurization resulting from postulated high-energy line breaks (see
PSAR Sections 3.6.1.2 and 3.8.4).

The steam tunnel, which is a portion of the control building, 15 a SC I structure
(see PSAR Section 3.8.4, Page 3.8-29, and Section 3.8.4.1.2).

As discussed above, the control room is protected from high-energy line breaks
in SC T as well as SC II piping.
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Track Number:

PSAR Sections:

Question Date:

PSAR Question:

e

PSAR Response:

8]

e

03-613
Ch3.6.2.1.4.2

January 2, 1998

In the description of ASME Code Section I, Class 2 Piping, Level A
and Level B stress limits are specified in the system’s Design
Specification. Has OBE event been considered?

“(6) Sleeves...”. Should the “Sleeves” be “Guard pipe” instead ?
“(7) A 100% volumetric inservice examination of all circumferential and
longitudinal pipe welds would be conducted...”. Why it is limited to “all

circumferential and longitudinal pipe welds” but not “all pipe welds”?
Please explain.

Yes, OBE has been specified as a service level B load. OBE is
considered to be an occasional load.

No, “Sleeves” is correct.

The 100% volumetric inservice examination should be conducted for all
pipe welds.

PSAR change is required. PSAR Section 3.6.2.1.4.2 item (7) will be revised
to specify “‘all pipe welds” instead of “‘al circumferential and longitudinal pipe
welds”.

The PSAR will be revised as indicated in the response above.

ROCAEC Review Comments:

2. Itis obvious that sleeve is not guard pipe and in SRP 3.6.2, guard pipe was
defined but not sleeve. Is it feasible to apply the conditions used on guard
pipe to sleeve ? Please explain the differences between the two.

Further Clanfications:

Questions and Answers
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S5

Relerence to guard pipes in Section 3.6.2.1.4.2 item (6) was deleted starting
with the SSAR because as noted in SSAR Section 3.6.2.4 the ABWR
containment design does not require guard pipes. Similarly, the Lungmen
NPS containment design does not require guard pipes, and refercnce to
guard pipes has also been deleted from Section 3.6.2.1.4.2 item (6) in the
Lungmen NPS PSAR.

The guard pipe requirement is unique to the Mark I design for BWR 6
plants. In the Mark [II design, there is an annulus between the drywell wall
and the contamment wall. If a section of high energy process piping in the
annulus were not isolatable, the NRC has required that a guard pipe be
provided to discharge the liquid from a postulated break in that section back
to the drywell so that the discharge does not bypass the wetwell and
pressurize the containment. In the ABWR containment design, the drywell
wall is the containment wall, and, therefore, no special sateguard is required
as is the case in other plants with Mark I and Mark II containment design.

As noted on page 3-34 of the FSER, the NRC staff viewed the SRP 3.6.2
definition of the term “*Guard pipe” in a broad context to include “Applicable
sleeves in the containment penetration area.” Accordingly, the term sleeves
was substituted in Section 3.6.2.1.4.2 (item 6) in the SSAR for cases i
which sleeves may be required to be used in the broad context of guard
pipes.”

With respect to sleeves, the ABWR containment design 1s most similar to
the Mark Il containment design which includes sleeves only for the purpose
of connecting high temperature piping to the containment. For example, the
Limerick NPS, which has a Mark 1l containment, contains containment
penetration sleeves but does not have any guard pipes. Also, Chinshan
NPS, which has a Mark | containment, contains containment penetration
sleeves but does not have any guard pipes. As an extension of the
containment, these sleeves are designed to the pressure and temperature of
the containment.

Sleeves used in Lungmen to connect high temperature piping to the
containment are designed consistent with the criteria presented in Section
3.62.14.2 (item 6), however another section is controlling regarding the
design pressure and temperature for penetration sleeves.  Subsection
3.62.14.2 (item 6)(a) differs with the design pressure and temperature

" A clarification will be added to the PSAR Section 3.6.2 to note that Section 3.6.2.1.4.2

(item 6) is applicable 1o sleeves required 1o be used in the broad context of guard pipes.
However, no such sleeves exist in the Lungmen NPS design. All sleeves in the Lungimen design
which function solely for connecting high temperature piping to the containment will be
designed to the pressure and temperature criteria provided in Scetion 3.8.2.
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defined in Section 3.8.2 (Steel Components of the Reinforced Concrete
Containment).  As Section 3.8.2 specifically addresses containment
penetrations, it is controlling for penetrations, and Lungmen sleeves are
designed to the pressure and temperature therein defined. Since the sleeves
are part of the containment, they are designed to the same pressure and
temperature as the containment. (Similar design criteria were used in the
design of Limerick.)

The PSAR will be revised as indicated in the clarification above.
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Track Number: 03-014

PSAR Sections: Ch3.6.2.143
Question Date: January 2, 1998
PSAR Question:

1. InItem (2), does the Eq. (10) belong to NB-3653 ?

2. In Ttem (2), the intermediate location was identified not only by Eq. (10) but
also Eq. (12) and (13). Whereas the SRP only uses Eq. (10). Please explain.

PSAR Response:
1. Yes, Eq. (10) does belong to NB-3653.

2. Section 3.6.1.1.1 identifies three exceptions taken to the NRC Branch
Technical Position, MEB 3-1, included in SRP 3.6.2. These exceptions
were agreed to by the NRC. The NRC agreed to the third exception
because MEB 3-1, B.1.C(1)(b) had inadvertently not included the
requirement that along with Eq. (10), Eq. (12) and (13) also had to exceed
2.4 Sm in order for an intermediate break to be postulated. Therefore,
Section 3.6.2.1.4.3 item (2), is correct and consistent with SRP 3.6.2 and
MEB 3-1, as modified by the exception to MEB 3-1, B.1.C(1)(b) stated in
Section 3.6.1.1.1 (3).

There is no change required to the PSAR from the above response.
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Track Number:
PSAR Sections:
Question Date:

PSAR Question:

Response:

Questions and Answers

o

(VB

03-015
Table 3.2-1b & ¢

February 23, 1998

PSAR classified the Seismic Category for those not in Category I as
Category TIA, 1B and TIC but in Table 3.2-1b & ¢ on the classification of
Structures, Systems and Components, those classified as Category 11
were not further classified (into A, B and C) and only indicated they will
be classified in FSAR. Please explain.

Since PSAR already defined non-seismic category I as seismic category II
but in Figure 3.2-1 the term non-seismic category I was still used which is
inconsistent with the definition in PSAR. Please use a consistent definition
in the figure to minimize confusion.

PSAR classified the safety related SSCs as Seismic Category I but the
following safety related SSCs were still classified as Seismic Category II :

(1) Pipe whip restraint of Main steam system
(2) Cables of LDI
(3) Instrument racks- mechanical and electrical with safety related functions

of LCPR

(4) Pipe whip restraint of feedwater line
(5) Safety-related electrical wiring penetrations of Raceway system
(6) Foundation work of Reactor Building

(O]

The detailed classification of structures, systems and components into
seismic subcategories A, IIB and IIC is currently in process and was not
available at the time of writing the PSAR. This classification requires
consideration of plant arrangement details and component functions.
These subcategory classifications will be provided in the FSAR.

Agreed. Figure 3.2-1 will be updated. All occurrences of non-seismic
category [ will be changed to seismic category 11

The responses are as follows:

(1) System B21 (MS) (Item 6): Pipe whip restraints (PWRs) are not part of

the reactor coolant pressure boundary. The function of a PWR is to
restrain the pipe in the event of a pipe break such that the broken pipe

3-26



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

does not adversely affect safety-related components. Thus, PWRs are
classified as Seismic Category I not Seismic Category I and no change is
required to Table 3.2-1

(2) System C73 (LDI) (Item 1):; Change Seismic Category to VI

(3) System H21 (LCPR) (Item 5): Change Seismic Category to 1

(4) System N22 (FW) (Item 4): Same response as for (1)

(5) System R51(RCWY) (Item 2): Change Seismic Category to I/II and also

Change Safety Class to 2/N. The safety related electrical penetrations
(EPENSs) are a part of PCV, and therefore, should correctly be Safety
Class 2.

(6) System U71 (RB) (Item 5): The foundation work of Reactor Building

classified as Seismic Category I deals with excavation / backfilling /
dewatering only. The PSAR will be revised by mcluding
“(Excavation/Backfilling/Dewatering only)” under “Foundation Work” as
a second line of Item 5.

The PSAR will be revised as indicated in the responses above.

ROCAEC Review Comments:

2

-
J.

TPC has responded to the original question and claimed that the
categorization of seismic subcategories A, IIB and IIC can only be
performed after consideration of plant arrangement details and
component functions so it will be deferred until FSAR. But Table 3.2 has
already provided complete description of SC I and II for the various
systems and components and why the subcategorization can not be
performed ? And the definitions of IIA, IIB and IIC are very clear so the
subcategorization should be able to be completed during PSAR. Also,
dynamic analysis has to be performed for some [IAs and not others, so the
design flexibility will be too much if subcategorization is not done now
and deferred till FSAR.

Please provide modified figure.

(1)  Even though pipe whip restraints are not RCPB equipment but its
failure could cause damage to SC I equipment so it should still be
classified as SC L.

(4) Same reason as (1) above

Further Clarifications:

L.

Whereas the definitions of seismic categories HA, 1IB and HC are very
clear, it is the assignment of SSCs to IA and IIC that requires detailed
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study of plant arrangement. (On the other hand, the assignment of
equipment to 1IB would be relatively straight forward, because its
definition is based on specific function of SSCs, ie, radwaste
management.) The SSCs that are classified as SC 1I, are required to be
studied for their potential collapse and jeopardy to the other safety related
SSCs in the vicinity. SC IIA have high potential and 1IC have negligible
potential to affect other safety related SSCs. To expedite the assignment
of ITA and IIC at this time would require a judgment subject to verification
later when plant arrangement details are available.

Since the task of developing assignments to A, IB and TIC would be
continuing after the ROC-AEC review for the CP is completed, it was
decided that these details can be reliably presented in the FSAR.
Recognizing the AEC  desire for assignment of Category II SSCs into
[IA, IB and IC earlier in the project, the assignment process will be
accelerated and documented in the PSAR Amendment.

2.As mentioned in the previous response, Figure 3.2-1 will be updated. All

occurrences of non-seismic category I will be changed to seismic category

3.(1)  As stated in PSAR Section 3.2.1. pipe whip restraints (PWRg) are

safety-related components which need not function during but shall
remain functional after the event of'an SSE. During an SSE, the main
steam and teedwater piping PWRs remain free, which means they are
not required to engage and support pipe, and they are not required to
perform any SC I safety function, such as maintaining the pipe
mtegnity during an SSE. Therefore, during an SSE, the integrity of
these PWRs themselves is not challenged and they are not required to
perform any safety related function that require them to be classified
as SC I These PWRs are basically hinged rods (see PSAR Figure
3.6-2), which would experience insignificant vibration due to its own
mass inertia only and cannot break during an SSE as the question
suggests; and thus, these PWRs remain functional during an SSE.
The sole function of these PWRs is to engage and restraint only a
broken main steam or feedwater pipe from whipping around and
damaging nearby safety related structure or equipment. If a pipe
break is assumed to cccur during an SSE, the PWR will perform its
primary safety related function of restraining the pipe to prevent any
damage, but it would not be performing (per definition of SC |
requirements) any safety related function of maintaining pipe integrity,
which is already assumed lost.

(4) Same as response for (1).

Questions and Answers
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The PSAR will be revised as indicated in the clarifications above.

ROCAEC Review Comment 8/24/98, transmitted by SWT-TPC-001446, 8/28/98:
1.TPC committed that the Lungmen SC II SSCs will be further categorized as
A (dynamic analysis), A, IIB and IIC and will be completed in PSAR

stage. Please furnish the categorization as soon as possible for the CP
issuance.

Further Clarification:

1.Lungmen SC II SSCs have been categorized as IIA, IIB and IIC as shown
in attached Table 3.2-1b, Table 3.2-1¢, Figure 3.2.1 and Figure 3.2.2
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Track Number:  03-016

PSAR Sections:  3.2.5.3

Question Date: February 23, 1998

PSAR Question:

L)

Response:

Questions and Answers

It is mentioned in note f of Table 3.2-1d on Seismic Category IIA that
SSCs will be analytically checked to determine that they will not collapse
when subjected to SSE load. Please clarify if the meaning of “analytically
check” and “collapse” are consistent with the requirements of “dynamic
analysis” and “structural integrity” defined in Section 3.2.5.3.

Based on the requirements of Section 3.2.53 of PSAR, the main
steamline in the turbine building is classified as seismic category II. And
the portion that provides main steamline leakage path will be analyzed
using a dynamic seismic analysis method to demonstrate its structural
integrity under SSE loading conditions. Please clarify if this portion is
classified as SC ITA.

To provide input load value to the main steamline dynamic analysis,
turbine building should be dynamically analyzed. Please clanfy if this part
is classified as SC ITA.

The main steamline from the seismic guide up to but not including the
turbine stop valve (including branch lines to the first normally closed
valve) is classified as QG B. QG B should be safety class 2 but in Table
3.2-1 it was classified as non-safety class which does not conformto R.G.
1.26. Please clarify.

Note fof Table 3.2-1d is a general note applicable to all Seismic Category
A structures, systems, and components (SSCs). Analytic check does not
necessarily mean dynamic analysis. “structural integrity” and “to collapse”
as stated in footnote f are synonymous as the stresses beyond yield are
allowed but the strains are kept within acceptable ductility limits for
Category [IA SSCs.

Section 3.2.5.3 applies to the main steamlines (MSLs) only; the structural

integrity of the MSLs will be demonstrated by a dynamic seismic analysis.
There is no change required to PSAR from the above response.
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2.

LY

Seismic classification of structure, systems and equipment in the Lungmen
PSAR are defined as either Seismic Category I, Il or non-seismic. As
stated in Note of PSAR Table 3.2-1d, the breakdown of Seismic
Category Il items into [IA, IIB and 11C will be done in the FSAR.

When the FSAR is prepared, the main steam lines in the Turbine Building
will be classified as Seismic Category I1A based on the requirement of
PSAR Section 3.2.5.3 that the main steam leakage path is used to mitigate
the consequences of an accident and must remain functional during and
after an SSE or OBE.

Dynamic analysis is performed for the Turbine Building to generate
Amplified Response Spectra (ARS) for the SSE and OBE conditions for
use i design of the main steam lines. Refer to Response to Item 2) for
classification of the main steam lines.

Safety classifications are assigned based on the function of each structure,
system and component. As stated in Section 3.2.3 of the Lungmen
PSAR, ANS Standard 52.1 is used to assign safety classes to these
functions. The function of the main steam lines from the seismic guide up
to, but not including, the turbine stop valves is to hold up and allow for
plateout of the fission products following an accident. This function is not
safety related as stated in PSAR Section 3.2.5.3 and PSAR Table 3.2-1c,
[tem B21 (1).

Due to the importance of this function, however, the pertinent
requirements of Appendix B, 10CFR Part 50 have been applied even
though not strictly required by its non-safety classification. Therefore, it
has a Quality Group B and non-safety classification.

There is no change required to PSAR from the above responses.

ROC-AEC Review Comments:

35

|8

Qucstions and Answers

The clarifications on analytic check involve not only dynamic analysis but
non-dynamic analysis as well. What is the guideline for distinguishing the
two ? Dynamic analysis was considered for components of SC 1A, and
what is the difference between this and for SC17

The main steam line, which was classified as SC 11, should consider
dynamic analysis when subcategorization is performed.

Turbine building should consider dynamic analysis when sub-
categorization is performed.
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4. The section between the outboard isolation valve and the turbine stop
valve (not including stop valve) is categorized as QG B seismic category [
at the 1st and 2nd NPP. Furthermore, the main steam line is not used for
leakage path. Now at Lungmen, the section between seismic guide and
turbine stop valve is seismic [IA, dynamic analysis is performed and also
used for leakage path. But why the downgrade ? This is quite
unreasonable and please provide further explanation. Here the key is the
seismic guide. What is the definition of a seismic guide ? Is it similar to the
interface restraint in SSAR ?

Further Clarification:

. As stated in Section 3.7, in accordance with RG 129 all Lungmen
Structures, Systems and Components (SSC) are defined as either Seismic
Category I, Seismic Category IIA, Seismic Category IIB or Seismic
Category IC.  Methods of seismic subsystem analysis are described in
Section 3.7.3. In determining response to seismic loading conditions, static
analyses may be employed for simple, single degree of freedom subsystems,
as described in Section 3.7.3.8. Dynamic analyses are generally employed
for multiple degree of freedom subsystems which are mathematically more
complicated and either could not be adequately characterized for static
analysis, or would require excessive levels of conservatism in their
characterization to allow for static analysis. Thus, a relatively simple
Seismic Category I component, such as a floor mounted safety related
pump, may be analytically qualified for seismically induced loads by static
analysis, while a multiply supported non safety related Seismic Category I
subsystem, like main steam lines, is more approprately dynamically
analyzed for seismic loading. The primary difference in qualification
between Seismic Category [ and Seismic Category II Lies in the acceptance
criteria to be met under seismic loading, as defined in Section 3.2.

2.&3.
The response to ROC AEC review comment number 1 above indicates the
main stearn line will be dynamically analyzed as suggested. The details and
results of this analysis will be available at the FSAR stage.

4. The Lungmen NPS Unit 1&2 seismic design, as described in PSAR section
32.5.3, is consistent with the original design as described in the GE
Advanced BWR (ABWR) Standard Safety Analysis Report (SSAR)
section 3.2.5.3 and in the US NRC Design Certification Safety Evaluation
Report (NUREG-1503) for the ABWR design. Thus, the design as
described is consistent with the design licensed by the US NRC.
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Terminology changes from seismic interface restraint (ABWR) to seismic
guide (Lungmen), and from non-Seismic Category I (ABWR) to Seismic
Category 11 (Lungmen) exist.

In this way, seismic-generated motion for the MS line is restrained at the
RB outboard isolation valve and at the turbine stop valve and is limited in
the interface area without direct restraint.

The “seismic guide” referred to in PSAR Section 3.2.5.3 is same as the
“seismic interface restraint” in SSAR Section 3.2.5.3. The term “guide” is
more appropriate than “restraint,” since the pipe is guided to move freely
except laterally and vertically.

Further Comments from AEC Received 8/24/98:

The main steam line between seismic guide and stop valve is used as
leakage path in Lungmen and should be classified as SC I according to R.G.
1.29. Even though SRP stated that in BWR-6 (not used for leakage path)
this portion can be classified not as SC I but justification has to be provided.
One should not claim one can so classify the main steam line simply because
SSAR said so. Please provide further explanations. Also, at Kuosheng, this
section of the pipe was classified as SC I, QGB, even not used for leakage
path, which implies Lungimen has downgraded this section of the pipe and
safety standard. Please restore the pipe classification of leakage path piping
back to the same classification to that of Kuosheng to satisfy the
requirements of R.G. 1.29.

Further Clarification:

In order to clanfy the issue of the classification of the seismic category of
the main steamline between the seismic guide and the turbine stop valve,
three important documents should be referred to in which the USNRC
provided their approval to change the seismic classification of the main
steam piping downstrean of the seismic guide from seismic Category I to
non-seismic Category 1. In addition, some discussion on the justification for
the seismic classification change is also provided below.

The seismic guide is a two way restraint that will provide a structural barrier
between the seismic Category I portion of the main steamline in the Reactor
Building / Control Building steam tunnel and the non-seismic Category 1
portion of the main steamline in the Turbine Building. The seismic guides
are located adjacent to the Nuclear Island (N1) / Turbine Island (T1)
interfaces.
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The following three USNRC documents show USNRC approval and basis
of approval of the classification change from Seismic Category [ to Non-
Seismic Category [:

(1)SECY-93-087, Dated April 2, 1993, "Policy, Technical, and Licensing

Issues  Pertaining to Evolutionary and Advanced Light-Water Reactor
(ALWR) Designs.":

Section ILE of SECY-93-087 discussed the NRC staft’s position on the
portion of the ABWR design that eliminates the main steam isolation
valve leakage control system. It also provides the approval for the use of
an alternative leakage path that takes advantage of the ability of the large
volume and surface area in the main steam piping of the ABWR, the
main steam drain lines, the turbine bypass line, and the condenser to hold
up and plate out the release of fission products following core damage.
In this manner, the altemative leakage path and condenser are used to
mitigate the consequences of an accident and are required to remain
functional during and after a SSE event.

(2) NUREG-1503, "Final Safety Evaluation Report Related to the

Certification of the Advanced Boiling Water Reactor Design," July
1994

NUREG-1503 was issued by the U.S. Nuclear Regulatory Commission
(NRC) staff' in order to document the NRC staff’s review of the U.S.
ABWR design. The U.S. ABWR design was submitted by GE Nuclear
Energy (GE) in accordance with the procedures of Subpart B to Part
52 of Title 10 of the Code of Federal Regulations.

(3)NUREG-1503, Supplement 1, "Final Safety Evaluation Report Related

Questions and Answers

to the Certification of the Advanced Boiling Water Reactor Design,"
July 1994,

Supplement 1 to NUREG-1503 documents the NRC staff’s review of
the changes to the U.S. ABWR design documentation since the issuance
of the Final Safety Evaluation Report (FSER). GE made these changes
primarily as a result of detailed engineering completed after NUREG-
1503 was issued and as a result of the design certification rulemaking for
the ABWR design. (Supplement 1 did not need to discuss the issue any
further.) On the basis of'its evaluation, the NRC statf concluded that the
confirmatory issues in NUREG-1503 were resolved, that the changes to
the ABWR design documentation were acceptable, and that GE’s
application for design certification meets the requirements of Subpart B
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Questions and Answers

to 10 CFR Part 52 that are applicable and technically relevant to the
U.S. ABWR design.

The three documents listed above all contain words equivalent to the
following: "The Main Steamline (MSL) from the seismic interface
restraint up to but not including the turbine stop valve will be classified
as Quality Group B and inspected in accordance with the applicable
portions of ASME Section X1. This portion of the piping maybe non-
seismic Category I if it has been analyzed using a dynamic seismic
analysis method to demonstrate its structural integrity under SSE
loading conditions. However, all pertinent QA requirements of
Appendix B to 10CFR Part 50 are applicable to ensure that the quality
of piping material 1s commensurate with its importance to safety during
normal operational, transient and accident conditions."

The justification for the change of classification of the MSL from the
seismic interface restraint up to but not including the turbine stop valve
from Seismic Category I to non-Seismic Category I is described in the
three NRC documents noted above. This justification is based on:

(a) The change of classification is needed for consistency with the
non-Seismic Category I classification of the Turbine Building.

(b) The piping will be analyzed to show structural integrity under SSE
loading conditions. (Note: The analytical methods and procedures
will be the same as used for Seismic Category I piping. Structural
integrity will be demonstrated by showing Service Level D limits
will not be exceeded.)

(c) All pertinent QA requirements of Appendix B to 10 CFR Part 50
will be applied. (Note: This will be done by meeting the
requirements of Quality Group B,)

In conclusion, based on the above discussion, the Lungmen main
steamline from the seismic guide to the turbine stop valve can be
classified as non-seismic Category L.

Safety Class 1 (SC-1) applies to all components of the reactor coolant
pressure boundary (RCPB) (as defined in 10 CFR Part 50.2). These
components shall be designed to remain functional in all events. Safety
Class 2 (SC-2) plus dynamic analysis applies to pressure-retaining
portions of the primary containment and these components shall be
designed to maintain pressure integrity. Due to the different
requirements and added equipment qualification for operability, it will
not be feasible to change the safety classification from SC-2 to SC-1 of
the portion of the main steamline from the outermost isolation valve to
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Questions and Answers

the turbine stop valve in Lungmen. This suggested change in
classification is not required because this portion of the main steamline is
not part of the RCPB, and it would not be consistent with the Turbine
Building design.

Kuosheng was designed as a BWR6 plant, whereas Lungmen is a
ABWR design plant. Lungmen has not downgraded the section of the
main steamline (from the outermost isolation up to the turbine stop
valve) and safety standard. Seismic classification of Lungmen main
steamline has met the regulatory requirements, and no change is
required.
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Track Number:
PSAR Section:
Question Date:

PSAR Question:

Response:

!\.)

(3]

S

(@S]

03-017

3.3

March 12,1998

In calculating wind loads at various elevations, the report indicates they
are based on Reference 3.3-1 including relevant tables for varous
parameter values. Please list the extent of applicability in the PSAR.

Since seismic Category I structures are neither slender nor flexible, wind
loads can be considered as static loads loading. Please indicate whether
wind loads are treated as static or dynamic loadings for stacks.

Wind loads for non-seismic Category I structures are based on site-
specific loadings. Please explain how to determine.

The various tables and figures, except Table 7 and Figure 1, listed in
Chapter 6 of ANSI/ASCE Standard 7-88, are applicable for the wind load
analysis of buildings, components and cladding, and other structures.
Generally speaking, both static and dynamic wind loads are required for
stack design. The dynamic loads include the effects of Kamman vortex,
ovalling vibration, and buffeting vibration. The static component is the
normal wind load. Both components will be considered in the stack
design.

Subsection 3.3.2.3 will be reworded as follows:

All remainder of plant structures, systems, and components not designed
for typhoon loads shall be analyzed for the site specific wind load (194.4
km/h). The methodology of calculating wind pressure will be in
accordance with Reference 3.3-1 except Table 7 and Figure I to ensure
that their mode of falure will not effect the abilty of the Seismic
Category I ... safety functions.

The PSAR will be revised as indicated in the response above. The
standard number of PSAR Reference 3.3.-1 will be more accurately
specified as ANSIVASCE 7-88 (currently “-88” is missing).

ROCAEC Review Comment:

Qucstions and Answers

L.

Taipower has responded that the wind loading will be based on
ANSI/ASCE 7-88. According to “Minimum Design Loads for Buildings
and Other Structures”, scaled factors should be considered for wind
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Further clarification:

velocity. Please provide the scale factors for those safety and non-safety
equipment. Also, what is the exposure category for SC [ structures?

The Wind velocity pressure on exposed structures are obtained from
Section 6.5 of the ANSI/ASCE 7-88 reference. The equation indicated
therein is based upon a 50 year return period. The ABWR SSAR Table
2.0-1 has given two basic wind speeds; a lower value, corresponding to
50 year return period, for non-safety related structures and a higher value,
corresponding to 100 year return period, for safety-related structures.

For Lungmen NPS all structures and building accessories shall be
designed for 100 year retum period in accordance with Bid Specifications.
Thus, there is only one value of 100 year return period applicable to every
structure on site. Following values are applicable to all buildings and
structures at Lungmen site:

(a) 100 year return period wind speed, V, of 54 nvs.

(b) Importance Factor, I, equal to 1.0.

() Exposure Category D

(d) K, Velocity pressure exposure coefficient is obtained from
ANSI/ASCE 7-88 Table 6

There 1s no change required to the PSAR from the above clarification.

Questions and Answers
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Track Number: ~ 03-018
PSAR Scctions:  3.5.1.6
Question Date:  February 23, 1998

PSAR Question:

The statement that “Analysis shall be provided that will demonstrate that the
probability of site proximity mussiles (including aircraft) impacting the Lungmen NPS
and causing consequences greater than 10CFR100 exposure guidelines is <10,
Should 10 be 107 instead? Please clarify.

Response:

The acceptable probability of occurrence of aircraft impact is <10° in accordance with
NUREG-0800, SRP 2.2.3 Section II, Acceptance Criteria, paragraph 4 and 10 CFR
Part 100 Proposed Rule Making, page 28..

There is no change required to PSAR from the above response.

ROCAEC Review Comment:

Response from Taipower adopted SRP 2.2.3 which is its acceptance criteria,
paragraph four, stated that the value is 10°. The third paragraph of the same section
stated the value to be 107, In SRP 3.5.1.6 on aircraft hazard, this probability is 107,
Same section in SSAR also listed it as 107, Please clarify clearly the meanings of the
various numbers.

Further Clarification (Revised 9/30/98 as agreed to in a meeting on August 21, 1998):

The calculation “Aircraft Hazard Analysis of RB, CB, and AFB; Rev. 07 (31113-
QU71-1130-0001) will be re~calculated to be in full compliance with SRP 3.5.1.6,
Rev. 2 (July 1981).

PSAR Section 3.5.1.6 will be revised to read as follows:

The probability of Aircraft Hazard impacting the Lungmen NPS and causing
consequences greater than 10CFR 100 exposure guidclines is < 107 per year.
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The fourth paragraph of PSAR Section 2.2.3.5 will be revised to read as follows:

The probability of an aircraft crashing into the plant has been evaluated, per the criteria
sct forth in SRP Section 3.5.1.6, Scction 1.2 cquation, and has been shown to be
acceptable and less than 107 per year.
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Track Number:
PSAR Section:
Question Date:

PSAR Question:

Response:

03-019
3.7.2.8

March 12, 1998

In discussing the interactions of Seismic Category I SSCs with Seismic
Category I SSCs, PSAR requires that the collapse of any Category IC SSCs
will not cause the Category IIC SSCs to strike a Sersmic Category I SSCs and
the collapse of any Category IIC SSCs will not impair the integrity of Seismic
Category I SSCs. Since “to strike” is already not allowed, then how can it
possibly “impair” the integrity ? These two requirements seem contradictory.
Please clarify.

In PSAR Section 3.7.2.8, it is required that the collapse of any Category IIC
SSCs will not cause it to strike a Seismic Category I SSCs or (Note: Not
“AND”) the collapse of any Category IIC SSCs will not impair the integnty of
Seismic Category I SSCs.

This requirement follows that of NUREG-0800 SRP 3.7.2. For the first
condition, the requirement means when a Category IC structure topples over
during a seismic event, it is prevented from striking a Seismic Category [
structure nearby because of large physical separation between the two
structures, systems or components.

On the other hand, for the second condition, the requirement means if the
physical separation between the two structures is limited but the mass or size
of Seismic Category IIC structure is negligible compared to that of adjacent
Seismic Category I structure, collapse of Seismic Category IIC structure is not
likely to impair the integrity of Seismic Category I structure, system or
component.

There is no change required to PSAR from the above response.
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Track Number:
PSAR Sections:
Question Date:

PSAR Question:

Response:

L.

03-020

3.7.1.2

March 6, 1998
What method(s) will be used to develop the power spectral density
functions corresponding to the site-specific design basis ground response

spectra? What criteria will be used to evaluate the adequacy of the power
spectral density functions?

. The following paragraph will be added at the end of PSAR Section 3.7.1.2:

“The site-specific power spectral density functions (PSDFs) for the
horizontal and vertical components of ground motion that are consistent
with the site-specific design-basis ground response spectra are generated,
respectively, from the same horizontal and vertical ground-motion-time-
history ensembles as those which have been used for developing the site-
specific design-basis ground response spectra. The method and procedure
used to generate the site-specific PSDFs consistent with site-specific
design-basis ground response spectra are the method and analysis
procedure recommended in the US NRC NUREG/CR-5347,
“Recommendations for Resolution of Public Comments on USI A-40,
Seismic Design Criteria,” June 1989, including the analysis procedure
recommended in Appendix B. The criteria for evaluating the adequacy of
PSDFs of the design time histories will be in accordance with the criteria
specified in the SRP Section 3.7.1-IL.1.b Option 1 - Single Time History,
supplemented with the criteria recommended in the above-mentioned
NUREG/CR-5347. The comparisons of the minimum-required PSDFs
with the PSDFs of the design time histories are shown in Figures 3.7-24,
3.7-25, and 3.7-26 for NS, EW, and vertical components respectively.

These demonstrate that the PSDFs of the design time histories
envelop their corresponding minimum-required target PSDFs;
therefore, these design time histories satisfy the PSDF-
enveloping requirements of the US NRC SRP Section 3.7.1.”

The PSAR will be revised to reflect the above response. Accordingly,
Figures 3.7-24, 3.7-25, and 3.7-26 will be included and the sentence, “The
Power spectral Density (PSD) check of the time histories will be provided
in the FSAR,” will be deleted.
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Track Number:

PSAR Sections:

Question Date:

PSAR Question:

Q]

Response:

03-020, 03-46
3.7.1.3

March 6, 1998

NUREG-0800 requires that correlation between stress levels and damping
values be demonstrated. How will this requirement be met?

Demonstration of correlation between stress levels and damping values 1s not
necessary, as the RG 1.61 damping values are used, which already reflect the
dependence on stress levels by having different values for the SSE and OBE.
Furthermore, unless the structure is grossly oversized, the highest total stress
including SSE stress in a structure is expected to be more than 50% of the
material yield strength and the RG 1.61 SSE damping 1s adequate for this
stress range. Even if the highest total stress is less than 50% of the yield
strength for an oversized structure, the use of SSE damping in the SSE
response analysis will not result in any safety concerns. This can be dlustrated
by an example. Assume the highest stress in a structure is 0.5f; and it is
entirely due to SSE using 7% SSE damping for concrete. Since the stress is
low, the structure damping may be 4% corresponding to the OBE level. In
Lungmen, the amplification factor of 7% damped horizontal ground spectra
is 2.582 and the amplification factor of 4% damped spectra 1s about 3.34
linearly interpolated from 2% and 5% damped spectra in Figure 3.7-1. The
amplification factor ratio of 4% to 7% damped spectra 1s thus about 1.3. The
resulting stress would be 0.65f, and it is still within the allowable linut. It
should be noted that in this example the adjusted stress is more than 50% of
the yield stress and SSE damping is again applicable. In summary, the use of
RG 1.61 damping for SSE design and OBE damping for OBE design
without further demonstration of correlation with stress is a technically
adequate and practical design approach.

There is no change required to the PSAR from the above response.

ROCAEC Review Comments:

2. Based on the aspect of the stress distributions of the structure, the use of
the R.G. 1.61 damping values were already reflect the dependence on
stress levels for SSE and OBE. For the low stresses, the lower damping
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value must be adapted. The floor response spectrum will increase for the
lower damping value. The results of high stresses will be built up. Thus,
the correlation between stress level and damping values must be
demonstrated in FSAR.

Further Clarification:

o

Correlation between stress level and damping values will be demonstrated
i FSAR to show that the highest total stress in a structure is greater than
50% of ultimate strength for concrete or yield strength for steel under
SSE load combinations.
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Track Number:

PSAR Sections:

Question Date:

PSAR Question:

Response:

W

03-020
3.7.13

March 6, 1998

What soil material damping values will be used? How will variations of soil
material damping with strain be considered?

Provide a technical justification for the damping values given in Table 3.7-1
for cable trays, conduits, and HVAC ductwork.

NUREG-0800 requires additional information on the media supporting the
seismic Category I structures, including data on the soil profiles and soil
properties. These data should be provided.

PSAR Chapter 2.5 Tables 2.5-16 and 2.5-17 show the Strain-Dependent
Shear Modulus reduction and damping factors for intact and weathered
rocks and for crushed rock backfill that are used to meet this requirement.
The following will be added to Sub Section 3.7.1.3 after the last sentence:
Chapter 2.5 Tables 2.5-16 & 2.5-17 show the strain-dependent shear
modulus reduction and damping factors for the supporting medium.
Response of rock to dynamic loading is discussed m Sub Section 2.5.4.7.1
for seismic Category I structures.

The damping values for cable trays, conduits, and HVAC ductwork are in
compliance with RG 1.61 values for bolted or welded structure as
approprate.

There is no change required in PSAR from the above response.

PSAR Subsection 2.5424 lists the Engineering Properties of the
foundation materials to be used on Lungmen NPS project. The existing soil
profiles at the Plant site are discussed in PSAR Subsection 2.5.4.2.3.

The following will be added to PSAR Sub Section 3.7.1.4 at the end of last
paragraph

The existing soil profile at the plant site are discussed in Sub Section
25423 Sub Secuon 25424 lists the epgineering properties of the

foundation materials for use on Lungmen NPS project.
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Track Number:
PSAR Sections:

Question Date:

PSAR Question:
1.

PSAR Response:
1.

03-021
3.7.2.3.1

March 6, 1998

Provide the technical justification for acceptability of using the alternative
approach (i.e., the dynamic substructuring concept) to account for dynamic
interaction between the subsystem and the supporting structural system.
What analyses have been or will be performed to substantiate the adequacy of
this approach?

The alternative approach to be used is based on a dynamic substructuring
method to account for the effect of dynamic interaction between an
equipment (equipment, component, or subsystem) and its supporting
structure, i.e. the so-called ‘Equipment-structure interaction (ESI)” effect.
This method is based on a formulation of the equipment represented by a
single-degree-of-freedom dynamic system coupled with the dynamic
properties of the supporting structure at the equipment-support location
represented by the equipment-support impedance (dynamic stiffness)
function. The formulation and theoretical basis of this dynamic substructuring
method are exact, as described in detail in Reference 3.7-8. The validity and
accuracy of the method have been validated by comparing the results
generated using this method with the corresponding results generated using
time-history analyses of coupled equipment-structure models. This method
has been applied to the Watts Bar Nuclear Power Plant and has been
reviewed and accepted by the US NRC in that application in 1988,

There is no change required to PSAR from the above response

ROCAEC Review Comments:

1. Reference 3.7-8 provides the alternative approach to account for dynamic
interaction between the subsystem and the supporting structural system.
This method has been applied the Watts Bar Nuclear Power Plant and has
been reviewed and accepted by the USNRC in that application in 1988.
Please provide the related documents of the acceptance by USNRC.

Further Clarification:

1. Please find attached copy of US NRC acceptance document for ESI
application at Watts Bar Nuclear Power Plant. File NRC _ESLPDF is
attached.
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Track Number: 03-021
PSAR Sections:  3.7.2.3.1

Question Date: March 6, 1998

PSAR Question:

2. Three-dimensional structural models are preferable compared to two-
dimensional models. What analyses will be performed to verify the adequacy
of any two-dimensional models used?

PSAR Response:

2. To demonstrate the equivalency between a three-dimensional structural
model with two-dimensional model, the natural frequencies of the two
models with and without eccentricities are compared. If the frequencies are
close, the two-dimensicnal model is considered adequate.

There 1s no change required to PSAR from the above response.

ROCAEC Review Comments:

[

The calculation of the modal participation factor includes the modal shape.
The participation factors between a three-dimensional structural model and
two-dimensional model are close. The modal shapes due to the different
model may not be similar. Thus, the comparisons of frequency, participation
factor and modal shapes are necessary to demonstrate the equivalency
between a three-dimensional structural model with two-dimensional model.

Further Clarification:
2. Agree. Companson of mode shapes will also be made.
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Track Number: ~ 03-021
PSAR Sections: ~ 3.7.2.3.3
Question Date:  March 6, 1998
PSAR Question:

3. Specify which sections of ASCE 4-86 are pertinent to the mathematical
modeling and seismic analysis of the radwaste building,

4. This section only notes that Computer Program SASST will be used for the
soil-structure interaction (SSI) analysis. Additional information to permit
review of the SSI analysis with respect to NUREG-0800 requirements
should be provided.

5. The discussion notes that various modifications to Computer Program
SASST have been performed. We have recently learned that use of the same
nodes for the excavated soil model and interior foundation model, while
implicitly permitted by the SASSI user’s manual, can lead to erroneous
results. In light of this, please venfy that the Lungmen SASSI model is
correctly developed. (See Appendix to this enclosure)

6.  The PSAR notes that the seismic Category I structures are to be founded on
rock. Is there a shallow soil layer over rock? Where is the control point for
nput of earthquake ground motion?

7. Describe how structure-soil-structure interaction between the independently
founded structures has been considered.

8.  NUREG-0800 does not explicitly acknowledge acceptability of the 100-40-
40 method for combining maximum responses due to the three ground
motion components. Provide a technical justification for using this method.

9.  What are the definitions of Seismic Category IIA, IIB, and IIC structures?

10. As stated in the PSAR, constant vertical static factors were not used since all
Lungmen seismic Category I structures are subjected to a vertical dynamic
analysis. How is the vertical flexibility of the floor slabs of the structures
accounted for in the generation of vertical floor response spectra?

11. Describe how W, and W terms in Equation (3.7-11) in Section 3.7.2.14 are
calculated. Also, what is the acceptable factor of safety (i.e, ratio of Ey to Ey)
for stability against overturning moments for the OBE case?

Response:

3. The USNRC Regulatory 1.143, “Design Guidance For Radioactive Waste
Management Systems, Structures, and Components Installed in Light-Water-
Cooled Nuclear Power Plants”, Section 5.2 “Buildings Housing Radwaste
Systems” indicates that a “simplified analysis” should be performed to
determine appropriate seismic loads and floor response spectra pertinent to the
location of the system.
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Therefore, the mathematical modeling is anticipated to be developed following
the guidance of Section 3.1 with regard to a lumped-mass stick model.
Seismic analysis methods would follow the guidance of Section 3.2 for linear

response-spectrum and time-history methods.

Additional data with respect to the actual model and analysis will be provided
in the FSAR.

There is no change required to the PSAR from the above response.

4. The computer program SASSI will be used for conducting soil-structure
interaction (SSI) analyses for the Lungmen seismic Category I structures
(Reactor Building, Control Building, and Auxiliary Fuel Building). The
analyses will be conducted in accordance with the guidelines and
requirements stipulated in the SRP Section 3.7.2.4 and will be based on
three-dimensional SASSI models developed for the soil-structure systems of
these structures. The computer program SASSI used for these analyses is
the version implemented by Intemational Civil Engineering Consultants, Inc.
(ICEC) in Berkeley, California. This version of the program has been
extensively validated and documented in accordance with the US nuclear
quality assurance requirements.

There is no change required to PSAR from the above response.

5. The Lungmen SASSI models developed for soil-structure interaction
analyses of the seismic Category I structures do not have the same nodes for
the excavated soil model and the interior foundation model. Thus, the error
condition cited in the appendix does not apply to the Lungmen SASSI
analyses.

Note: The appendix referred to in the question is not attached with the
responses.

There is no change required to PSAR from the above response.

6. Thelayer of solil existing over the rock will be removed over the areas where
the foundation of seismic Category 1 structures are to rest and the
foundations will be placed on competent rock as indicated in PSAR Section
25424

The control point for input of earthquake ground motion is the foundation
level in free-field as indicated in PSAR Subsection 3.7.1.1.

There is no change required to PSAR from the above response.
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7. The Lungmen NPS site is a rock site. All seismic Category [ structures are
founded on competent rock. Therefore, structure-soil-structure interaction
between independently founded structures is expected to be insignificant.

There is no change required to PSAR from the above response.

8. The 100-40-40 method is specified in ASCE 4-86. In its commentary for
Section 3.2.7.1.2 it provides technical justification as, “The 100-40-40
percent rule is based on the observation that the maximum increase in the
resultant for two orthogonal forces occurs when these forces are equal. The
maximum value is 1.4 times one component. As a consequence, it can be
shown that the 100-40-40 rule is, in general, more conservative than the
SRSS rule and s a reasonable procedure to use given the basic uncertainties
involved.”

In NUREG-1462, Section 3.7.2.1, the USNRC has accepted the above
approach in the final safety evaluation for a certified standard advanced PWR
design of ABB-CE’s System 80+.

There is no change required to PSAR from the above response.

9. PSAR Chapter 3, Section 3.2.1 defines Seismic Category IIA, IIB, and IIC
structures. Note ’f in Table 3.2-1d further identifies Seismic Category ITA,
B, and IIC with appropriate design requirements for each.

10. The vertical flexibility of the floor slabs is accounted for by single-degree-of-
freedom oscillators representing predominant vertical modes of slab vibration
in the building seismic model.

To make it more clear, the following sentences will be added at the end of
existing sentence in PSAR Section 3.7.2.10:

“The vertical flexibility of the floor slabs is accounted for by single~dlegree-
of-freeclom oscillators representing predominent vertical modes of slab
vibration in the building seismic model. The vertical vibration properties
(effective weights and vertical stiffnesses) for each mode of slab are
calculated by performing the vertical eigenvalue analysis of multi-mass
model of slab”".

11. The energy component caused by the effects of embedment is defined as,

d
w,= f p.CztanGdz
4]
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where, p, is the idealized passive soil pressure at elevation z above the base, 8 is
the angle of rotation at the overturning position , and C is the eftective length of
the structure normal to the plane of rotation and d is the depth of embedment.
The work done by the buoyancy force is given by,

W, = fB__d:

a

where za and zb are the heights of the centroid of buoyant force above the edge
for equilibium and tipping positions, respectively. B refers to the weight of the
submerged portion of the structure.

The factor of safety against overtuming for OBE case is 1.5.

There is no change required to PSAR from the above response.
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Track Number:
PSAR Sections:
Question Date:

PSAR Question:

Response:

03-022

March 6, 1998

-

Review of Section 3.7.3 reveals only a limited number of references to OBE
analyses. What types of analyses will be performed to account for ditferences
in damping for OBE and SSE?

Provide a technical justification for coeflicients of friction used in the analysis
of frame-type supports.

Subsection .9 of NUREG-0800, Section 3.7.3 requires that responses of
multiply-supported equipment and components due to inertial effects and
relative displacements be combined by the absolute sum, rather than SRSS.
Provide a technical justification for this deviation.

Provide damping values for the impulsive mode of tank contents.

The OBE and SSE dynamic analyses are performed using the damping
values contained in Table 3.7-1, which are consistent with Regulatory Guide
1.61. The dynamic analyses of OBE and SSE account for damping as
described in PSAR Section 3.7.3.8.7.

There is no change required to PSAR from the above response.

The technical justification for coefficients of friction used in the analysis of
frame-type supports will be provided in the FSAR. The technical justification
will be based on the actual materials used and the support detail designs. The
sentence in PSAR Section 3.7.3.3.4, “The following static coefficients of
friction will be used ... for lubricated slide plates,” will be replaced with, “The
static coefficients of friction that will be used in the analysis will be provided
in the FSAR with a technical justification.”

The PSAR will be revised as indicated in the response above.

The technical justification for combining the inertia (primary) and
displacement (secondary) loads by SRSS is summarized in the last paragraph
of PSAR Section 3.7.3.8.8.

For each degree of freedom, the dynamic and the pseudo-static
(displacement) contributions are time inconsistent; their peak values do not
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occur at the same instant in time. Therefore, it is inordinately conservative to
combine the peak value of the dynamic response with the peak value of the
pseudo-static response by the absolute sum method. A more representative
combined peak response is provided by the SRSS combination of the peak
dynamic and the peak pseudo-static values.

There is no change required to the PSAR from the above response.

6. The damping values for the impulsive mode of the fluid-tank system will be
provided in the FSAR. Item (3) of PSAR Section 3.7.3.16 will be revised as
follows:

“(3) Damping values used to determine the spectral
acceleration in the impulsive mode will be based upon
the system damping associated with the tank shell
material as well as with the soil-structure interaction
(SSI). These values will be provided in the FSAR.”

The PSAR will be revised as indicated in the response above.
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Track Number:
PSAR Sections:
Question Date:
PSAR Question:

2.

Response:

03-022
3.7.3.1

Miarch 6, 1998

Provide a technical justification for performing time-history analyses of a
SRV blowdown without considering modeling uncertainties, ie, by
broadening the force time history by +15%Dit.

Broadening of the input motion is used to account for uncertainties in the
structural frequencies due to uncertainties in the material properties of the
structure and sol (Regulatory Guide 1.122).  Additionally, due to
approximations in the modeling techniques used in the seismic analyses it is
important to broaden the peaks associated with each of the structural
frequencies. For the time-history analysis used in the piping analysis of the
SRV blowdown, tests have been performed which confirm the conservatism
of the analytical results. Therefore, for the SRV blowdown loads, the
calculated force time-histories are not broadened by £15%Dt.

There is no change required to PSAR from the above response.

ROCAEC Review Comments:

2. For the time-history analysis used in the piping analysis of the SRV
blowdown, tests have been performed which confirm the conservatism of
the analytical results. What are the tests?

Further Clarification:

2. Tests were performed to determine the piping responses due to
safety/relief valve (SRV) opening events. These tests were sponsored by
the BWR Owners’ Group at a test facility in Huntsville, Alabama. A
piping system was designed and constructed to determine its response to
SRV opening events. This system was analyzed and tested for two cases:
(1) Hydraulic snubbers used for dynamic support and (2) Rigid struts used
for dynamic support. Comparisons were made of the calculated and
measured support loads. ‘
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Questions and Answers

The test results and comparisons of the analysis results and measured data
were presented in a paper, “Comparison of the Performances of Strut and
Snubber Subject to Dynamic Load”, by HL. Hwang and E.O. Swain,
Proceedings of International Nuclear Power Plant Thermal Hydraulics
and Operations Topical Meeting, Taipei, Taiwan, Republic of China,
October 22-24, 1984, pages J2-1 to J2-10, Published by American
Nuclear Society.

The referenced paper is attached as file “SRV_TEST.PDE”.

There is no change required to PSAR from the above clarification.
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Track Number: ~ 03-022
PSAR Sections: ~ 3.7.3.3.1.4
Question Date: ~ March 6, 1998
PSAR Question:

3. Provide a technical justification for the criteria on selection of relative anchor
motions for decoupled branch pipe.

PSAR Response:
3. The decoupled branch piping has a moment of inertia of less than 1/25 of the
main pipe moment of inertia, as required by PSAR Section 3.7.3.3.13. In
addition the decoupled branch piping does not have any supports near the
intersection with the main pipe that would constrain its free movement. Asa
result, the decoupled branch piping is relatively flexible and therefore, relative
anchor motions of less than 0.16 cm can be considered to have an
msignificant effect on the decoupled branch piping.

ROCAEC Review Comments:
3. The decoupled branch piping does not have any supports near the
intersection with the main pipe that would constrain its free movement.
Please quantify the definition of “near”?
Further Clarification:
3. PSAR Section 3.7.3.8.9(1) provides additional decoupling criteria for small
branch lines. In this section the minimum acceptable distance from the run

pipe to the first branch pipe support is defined.

There is no change required to the PSAR from the above clarification.
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Track Number:
PSAR Sections:
Question Date:

PSAR Question:

Response:

03-023

March 6, 1998

NUREG-0800 has not formally been changed to reflect the new OBE
definition in JOCFR50 Appendix S. New plants are to be licensed in
accordance with 10CFR50 Appendix S, but existing plants still are licensed
to 10CFR100 Appendix A. The set of Regulatory Guides, however, clearly
indicate that holders of operating licenses or construction permits issued prior
to the implementation date of the active Guides (March 1997) may
voluntarly implement the methods described. Thus, the USNRC has
formalized the prior informal staff position regarding OBE exceedance and
shutdown requirements. Provide a justification for not following the
requirements in 10CFRS0, Appendix S and the guidelines in Regulatory
Guides 1.12, 1.166, and 1.167.

The Lungmen NPS, as summarized in PSAR Section 3.7.4, meets the
guidance of Regulatory Guide 1.12, Rev. 2, March 1997, Regulatory Guide
1.166, March 1997 and Regulatory Guide 1.167, March 1997. The
necessary features to meet the guidance of these three Regulatory Guides
were incorporated in the certified ABWR design when this guidance was an
informal staff’ position on OBE exceedance and shutdown requirements.
Accordingly, PSAR Section 3.7.4 meets the intent of 10CFR50 Appendix S.

No change will be made to the PSAR as a result of the response to this
Question.
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Track Number

PSAR Sections

Question Date:

PSAR Question:
1.

(%]

PSAR Response:
1.

2

.

(OS]

03-024

March 6, 1998

Section 3.8.1.4.1.1 presents a discussion on a three-dimensional finite
element model of the containment structure and the reactor building.
Symmetry of the containment structure and the reactor building about the
centerline of the plant in a direction parallel to the fuel pool girders was
considered such that only 180-degree of the structure was modeled for
design analyses when subjected to the various load combinations. Explain
how non-axisymmetric loads are treated when using the 180-degree model
for stress analyses for wind, earthquake, and hydrodynamic loads.

Explain the inconsistency between Note 6 of Table 3.8-1 and Section
3.8.1.4.1.1.1 where both the SRSS method and the 100-40-40 load factor
method are specified for combining co-directional effects. Since the 100-40-
40 combination method is not specified in RG 1.92, provide a technical
justification for its use. (Also see Question 8 on Section 3.7.2))

The “S” and “U” in Note 12 of Table 3.8-1 are termed as “required
strength”. The ASME Section III Division 2 code uses the term “allowable
stresses”. Explain why the terms used in the PSAR are not consistent with
the ASME code.

For non-axisymmetric loads the boundary displacements for nodes at the
plane of symmetry follow the anti-symmetric conditions.
There 1s no change required to PSAR due to above response.

PSAR Section 3.8.1.4.1.1.1 indicates that either of the two methods can be
used on Lungmen NPS project. Note 6 of Table 3.8-1 indicates that for
RCCYV design, load factor (100/40/40) method is applicable. See response to
Question 8 on Section 3.7.2 (Track No. 03-.21) for technical justification for
the 100-40-40 combination method.

There is no change required to PSAR due to above response.

ABWR SSAR Table 3.8-5 used “required strength’ to define both S and U.
To be consistent between Tables 3.8-1 and 3.8-5, the same notation is used in
Table 3.8-1. Both terms in general, mean the maximum stress that can be
allowed in the material for the given load condition.

There is no change required to PSAR due to above response.
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Track Number:

PSAR Sections:

Question Date:

PSAR Question:

(%]

PSAR Response:

03-025

March 6, 1998

The appendix to NUREG-0800 Section 3.8.1 states that the SRV loads
should be treated as live loads in all load combinations with the exception of
the combination that contains 1.5 P, where a load factor of 1.25 should be
applied to the appropriate SRV loads. The load combination No. 8 in Table
3.8-1 does not reflect this. Provide a technical justification for using a load
factor of 1.0 instead of 1.25.

Are the concrete compressive allowable stresses given in Table 3.8-2 also
applicable to primary stresses when subject to either membrane force or
membrane force plus bending moment?

Are the vy, values given in Table 3.8-2 upper bound limits of tangential shear
resistance that can be provided by the orthogonal reinforcement?

What are the values of the appropriate dynamic load factors that are used for
the equivalent static loads to represent the dynamic loads resulting from a
LOCA and SRV actuation (see Section 3.8.1.4.1.1.2)?

Describe how stress and strains in the containment wall and liner plate at the
major containment penetrations will be analyzed (Subsection 3.8.1.4.1.1.3).

The load combination Number 8 in Table 3.8-1 follows ASME B&PV
Code, Section I, Division 2, Subsection CC, Table CC-3230-1, 1989
edition, which has been reviewed and approved by the USNRC for the
ABWR Standard Plant.

The 1.25 load factor for SRV as specified in Appendix to NUREG-0800,
Section 3.8.1 is a conservative value due to lack of full understanding of the
SRV loading in 1970’s. Since then, knowledge gained from plant tests has
confirmed that the inherent margins in the SRV load definition are sufficiently
conservative and further increase by using 1.25 load factor is not warranted.
Thus, a more realistic factor of 1.0 as specified in the 1989 ASME Code
Section 1, Division 2, Sub Section CC is technically adequate.

There is no change required to PSAR due to above response.

No. The allowable concrete compressive stresses are the maximum allowable
corresponding to membrane force + bending moment in accordance with
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Tables CC-3421-1 and CC-3431-1 of ASME B&PV Code, Section III,
Division 2, Subsection CC.
There is no change required to PSAR due to above response.

3. Yes. A footnote will be added to the PSAR Table 3.8-2 indicating that the f;
and £ must be in MPa units.

4. These will be provided in FSAR. The second sentence from bottom of
PSAR Page 3.8-9 will be revised as follows and included as the last sentence:
“The attenuated pressures and equivalent static loads will be calculated based
on the methodology to be presented in the FSAR.”

The PSAR will be revised as indicated in the response above.

5. PSAR Subsection 3.8.1.4.1.1.3 documents the major penetrations in the
containment wall. These penetrations are modeled in the global finite element
model with a finer mesh. The model also includes the liner plate. The liner
strains are taken directly from this global model analysis results. The analysis
of stresses in the concrete surrounding these openings and the reinforcing
bars therein, is performed using computer code SSDP-2D as discussed in
PSAR Appendix Section 3C.3.

There 1s no change required to PSAR due to above response.
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Track Number:  03-026
PSAR Sections:  3.8.2
Question Date: March 6, 1998
PSAR Question:

. In NUREG-1503, Appendix E the USNRC staff recommended using the
criteria in Code Case N-284 to evaluate buckling of the ellipsoidal and
torispherical drywell head under internal pressure. Provide a Justification for
not using such criterion in Section 382414,

Define what is considered an “adequate factor of safety” for stability against
compression buckling of metal components in Section 3.8.2.5.

|58

PSAR Response;

I Section 3.82414 includes Code Case N-284 at the end of second
paragraph.

There is no change required to PSAR due to above response.

2. The factor of safety complies with ASME B&PV Code, Section I, Division
1, Subsection NE, or Code Case N-284.

There is no change required to PSAR from the above response.
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Track Number:

PSAR Sections:

Question Date:

PSAR Question:
1.

(OS]

03-027
3.8.3

March 6, 1998

Section 3.8.3.4.2 states that the concrete placed between the outer and the
inner steel cylindrical shells acts to distribute loads between the shells and to
provide stability to the compression elements of the reactor pedestal. Provide
discussions on how the load transfer will be carried out by the concrete. Is
there reinforcing steel in the concrete between the concentric steel shells?
What structural elements are used to tie the concrete with the steel shells to
achieve composite action?

Provide discussions on how the base of the reactor pedestal is structuraily
connected to the containment basemat through the liner plate. How are the
reactor pedestal loads transferred into the containment basemat?

Is there reinforcing steel in the concrete between the concentric steel shells of
the reactor pedestal? What structural elements are used to tie the concrete
with the steel shells to achieve composite action?

Describe how the reactor shield wall is connected to the reactor pedestal or
to the diaphragm slab.

Questions on Table 3.8-5:

(1)  What dynamic load factors will be used for Pa, Ta, Ra, Y, SRV, and
LOCA as described in Note 37

(2) RG 1.92 does not include the load factor method (100/40/40) to
combine the co-linear effects from multi-directional excitation
components as specified in Note 7. Provide a technical justification for
using this method. (Also see Question 8 on Section 3.7.2.)

(3)  InNote 12 the term “required strength” is used instead of “allowable
stress” as contained in ASME Section II, Division 2. Provide a
justification for deviating from the ASME Code.

(4)  Section 3.8.3.3.1 references the load combinations in Section 3.8.1.3
which includes the post-LOCA flooding. Explain why post-LOCA
flooding is not one of the loads considered for the concrete internal
structure.

For loads and load combinations considered for the steel internal structures,

provide the following information:

Questions and Answers 3-62



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

PSAR Response:

(1) Explain why acceptance criteria for bolts of steel internal structures are
not included in Table 3.8-6. ‘

(2)  Explain why post-LOCA flooding is not one of the load combinations
considered.

Table 3.8-9 on the exceptions to ANSVAISC N-690 is cited only in Section

3.8.4 of the PSAR. Why is it not cited in Section 3.8.3 where design of the

steel internal structures is discussed?

Is the minimum compressive strength (27.6 MPa) of the concrete placed in

the reactor pedestal and the reactor shield walls specified at 28 days or 90

days? (Subsections 3.8.3.6.2 and 3.8.3.6.3.) Are these normal weight or

heavy height concrete?

Will bearing type or friction type A-325 high strength bolts be used for the

drywell equipment and pipe support structure (DEPSS)?

To achieve composite action, T stiffeners are welded to the steel cylindrical
shell walls on the mside faces at regular intervals. These stiffeners anchor the
shells to the concrete. No reinforcing steel exists in the concrete between the
concentric steel shells.

There is no change required to PSAR from the above response.

The Reactor Pedestal cylindrical wall shell plates are welded to the base plate
at their lower edges. The base plate is welded to embedded stiffener plates
below elevation -8200 mm. In addition, the Pedestal is anchored by anchor
bolts embedded in concrete basemat.

The transfer of load from Pedestal takes place through (1) direct bearing on
base plate, (2) Shear transfer through embedded stitfener plates, and (3) by
anchor bolts tension.

There is no change required to PSAR from the above response.

There are no reinforcing steel bars in the concrete within the concentric shells.

For load transfer between concrete and steel shell please refer to response to

Question 1 above.

There is no change required to PSAR from the above response.

The Reactor Shield Wall is connected to the Pedestal shell plates by full
tration welds.

<tor shield wall vertical plates are sitting directly on top of the pedestal
most vertical plates and connected to them by full penetration welds.
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The diaphragm floor slab, between the elevations of 11100 and 12300, is
connected to the outermost vertical plate of the pedestal and is sitting on the
pedestal. Thus, the reactor shield wall is not directly connected to diaphragm
tloor slab.

There is no change required to PSAR from the above response.

5. (1) The dynamic load factors for Pa, Ta, and Ra are 1.0. For Y, the factors
will depend on load  distribution and the frequency of forcing functions. For
hydrodynamic loads please refer to response to question 4 of
Track No. 03-025
(2) Please refer to response to question 8 of Track No. 03-021.

(3) Please refer to response to question 3 of Track No. 03-024

(4) Post-LOCA flooding load case is required for the design of containment
structure only. It is not required for the design of containment internal
structures as per the design code ACI 349 for concrete and AISC N690
for steel, nor is the SRP 3.8.3 requirement.

There is no change required to PSAR from the above response.

6. (1) The acceptance criteria for bolts is in accordance with ANSI/AISC N-

690 as indicated in Subsection 3.8.3.2.
(2) Please see response to Question 5 above.
There is no change required to PSAR from the above response.

7. In PSAR Section 3.8.3.2, applicable Codes and Standards are referenced
from Table 3.8-4 which are applicable to various components of Internal
Structures. For all the Internal Structures Components for which
ANST/AISC N-690 is applicable, Reference number 15 is cited. Reference 15
in Table 3.8-4 refers to modification by Table 3.8-9.

There is no change required to PSAR from the above response.

8. Itis 90 days strength, as pozzolans are used with cement. It is normal weight
concrete.

There is no change required to PSAR from the above response.
9. DEPSS is an all welded structure and no bolts are used in its assembly.

There is no change required to PSAR from the above response.
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Track Number: ~ 03-028, 03-050
PSAR Scctions: ~ 3.8.4
Question Date: ~ March 6, 1998

PSAR Question:

1. Provide in Sections 3.8.4 the descriptions, applicable codes and standards,
loads and load combinations, design and analysis procedures, and structural
acceptance crteria for seismic Category I aboveground and/or
underground tanks.

Response:
1. The method for seismic analysis of above-ground tanks is indicated in
PSAR Section 3.7.3.16. Section 3.8.4 discusses other Seismic Category 1
structures and covers the applicable codes and standards, loads and load
combinations, design and analysis procedures, and structural acceptance
criteria, which are also applicable to Seismic Category I tanks.

There is no change required to PSAR from the above response.
ROCAEC Review Comments:

1. We can not find the descriptions, applicable codes and standards, loads
and load combinations, design and analysis procedures, and structural
acceptance criteria  for seismic category 1 aboveground and/or
underground tanks in Section 3.8.4

Further Clarification:
1. Please see GE’s transmuttal letter GEAE-1998-0419 titled "TPC

Comments on GEAE-1998-0374 (PSAR Questions 03-050 and 03-028),
SC 1 Tanks," dated June 23, 1998.
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Track Number:

PSAR Sections:

Question Date:

PSAR Question:

o

PSAR Response:

2.

03-028
3.8.4

March 6, 1998

The last paragraph of Section 3.8 4 states that Lungmen Units 1 and 2 do not
contain seismic Category I pipeline buried in soil. Are seismic Category I
service water lines enclosed in an underground tunnel? If they are, provide
the design considerations and acceptance criteria for both the lines and the
tunnel.

The Seismic Category I (SC 1) tanks that are located inside SC I buildings or
are located in the yard will be seismically analyzed per PSAR Section
3.7.3.16 and designed in accordance with the ASME Section I Code
requirements. Therefore, PSAR Section 3.8.4 does not include information
on SC I tanks,

No changes will be made to the PSAR as a result of the response to the
question.

ROCAEC Review Comments:

2.

The response discussed the piping system.  What are the design
constderations and acceptance criteria for underground tunnel enclosed the
service water lines?

Further Clarification:

W

Section 3.8.4 states that Lungmen NPS Units 1 and 2 do not contain Seismic
Category I pipelines buried in soil. Seismic Category I service water pipeline
will be can run below grade from the safety related service water pump house
in seismic category I pipe tunnels. Design considerations and acceptance
criteria will be consistent with those applied to the safety related pump house.
As indicated in PSAR section 3.8.4 and subsequent subsections, this
information will be provided at the FSAR stage.
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Track Number:

PSAR Sections:

Question Date:

PSAR Question:

LUB]

10.

1.

03-028

March 6, 1998

Provide in Section 3.8.4 the descriptions, applicable codes and standards,
loads and load combinations, design and analysis procedures, and structural
acceptance criteria for the refueling pool at the top of the containment
structure.

Is the superstructure (the portion above the fuel pool) of the reactor building
a seismic Category I structure? If it is, provide in Sections 3.8.4 the
descriptions, applicable codes and standards, loads and load combinations,
design and analysis procedures, and structural acceptance criteria for this
structure.

Explain why there are no discussions on the analysis and design and structural
acceptance criteria for wind, typhoon, and typhoon-generated missiles in
Section 3.8.4.

The third paragraph of Section 3.8.4.1.2 states that the Control Building is
designed to provide missile and tornado protection. Is tornado a design basis
load for Lungmen Units 1 and 27

The first paragraph of Section 3.8.4.2.1 states that major portion of the R/B
1s not subjected to the abnormal and severe accident conditions associated
with a containment. However, the R/B is structurally connected with the
containment shell through the R/B floor slabs. Explain why the effects of the
hyvdrodynamic loads from a SRV discharge or a LOCA in the containment
are not considered in the R/B design.

Explain why the SRV and LOCA loads on the RB are not included in the list
ot'loads.

Loads and Notations. Explain why the effects of hydrostatic pressure due to
design groundwater are not discussed. Also explain how seismic-induced
dynamic soil pressure is derived.

It appears that the “H” term in the first load combination in Section
3.8.4.3.1.2 should be “H” to represent total soil pressure (static + dynamic).
Explain why the term should be “H.”

Why is the following Joad combination not included in Section 3.8.4.3.1.37

1.5§=D+ L+ To+ Ro (NUREG-0800 Section 3.8.4 Paragraph I1.3.c.(i)(a))

12

The floor design live load of 100 Ibs/ft? for all floors of the R/B, the C/B, and
the Auxiliary Fuel Building (Section 3.8.4.3.1.1 and 3.8.4.3.2) appears to be
low. Provide basis for the use of this live load for all floors,

Questions and Answers 367



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

13.

14,

15.

16.

17.

18.

PSAR Response:

(OS]

Explain why the allowable stress in Subsection 3.8.4.3.5.3 for the fourth load
combination under working stress design should not be “1.33S” instead of
“8r

What are the values of the factors of safety against sliding, overturning, and
flotation for the reactor building, the control building, and the auxiliary fuel
building (Subsection 3.8.4.4.1)?

Sections 3.8.4.4.2 and 3.8.4.4.3 cited “design by rule method” as one of the
methods used for design and analysis procedures for seismic Category I
HVAC, cable trays, conduits and their supports. Provide a technical
justification for using the “design by rule method.”

There are no equations provided in Subsection 3.8.4.4.42 for checking
against sliding, overturning, and flotation for the radwaste building. Provide
an explanation.

As discussed in Subsection 3.8.4.5.2, the control building is designed per the
ultimate strength method in ACI 349. Then,

(1) Whyis the term “allowable stress” used? and

(2) Why is the stress in the rebars limited to 0.9Fy?

Explain why Table 3.8-10 “Exceptions to ACI 349, Appendix B Steel
Embedment” is not cited in the text of Section 3.8.

The loads, loading combinations, and acceptance criteria applicable to
Reactor Building, discussed in Section 3.8.4, are also applicable to refueling
pool. Subsection 3.8.4.1.1 refers to refueling pool girders.

The finite element model for the integrated Reactor Building and the
RCCV discussed in Section 3.8.1.4.1.1 includes the refueling pool
structure. The calculated forces and moments for various loads will be used
for design evaluation.

There is no change required to PSAR from the above response.

As indicated in Subsection 3.8.4.1.1 the superstructure of the Reactor
Building consists of steel beams and columns and is a seismic Category 1
structure. The loads, loading combinations, and acceptance crteria
applicable to Reactor Building, defined in Section 3.8 .4, are also applicable
to its superstructure.

The finite element model for the integrated Reactor Building and the RCCV
discussed in Section 3.8.1.4.1.1 includes the superstructure. The calculated
forces and moments for various loads will be used for design evaluation of
the Reactor Building superstructure.

There is no change required to PSAR from the above response.

The wind load, W and typhoon load, W, and typhoon generated missiles are
defined in Subsection 3.8.4.3.1.1 and used in load combinations in
Subsections 3.8.4.3.1.2 and 3.8.4.3.1.3. No separate structural acceptance
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10.

11

14.

cnteria is required for wind loads alone. The wind load is discussed in
PSAR Section 3.3.1. The typhoon load and the typhoon generated missiles
are described in PSAR Section 3.3.2. The analysis and design procedures
for wind and typhoon loads are based on ANSIVASCE 7-90 as cited in
PSAR Sections 3.3.1 and 3.3.2.

There is no change required to PSAR from the above response.

There 1s no tomado design requirements for the Lungmen NPS.
This typographical error in PSAR Section 3.8.4.1.2 will be corrected and
“tornado” will be changed to “typhoon.”

The effects of the hydrodynamic loads, from a SRV discharge ora LOCA in
the containment, on the R/B structure are accounted for using an integrated
R/B and RCCV analysis model.

There is no change required to PSAR from the above response.

Please see response to Question 7 above.
There is no change required to PSAR from the above response.

Hydrostatic pressure is treated as part of static soil pressure. Seismic-
induced dynamic soil pressures are calculated from soil-structure interaction
analysis.

There is no change required to PSAR from the above response.

GE will correct the typographical error and will change H to H’, where H’
represents total soll pressure, either due to OBE or SSE event.
The PSAR will be revised as indicated in the above response.

The two load cases included in Subsection 3.8.4.3.1.3 are more critical
compared to the above load case since each one of them includes the above
loads and include OBE in one load case and wind load in the other load
case.

There is no change required to PSAR from the above response.

. Actual calculated Live Loads in Reactor and Control Buildings, for normal

operations, are determined to be less than 100 lbs/f”.
There 1s no change required to PSAR from the above response.

. The allowable stress should be 1.33S.

The typographical error in PSAR Section 3.8.4.3.5 3will be corrected.

The factors of safety are in accordance with NUREG-0800, SRP 3.8.5,
Section IL.5.
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The second paragraph from bottom on PSAR Page 3.9-49 (Section
3.8.5.5) will be revised as follows:

“The allowable factors of safety of the Lungmen NPS structures for
overturning, sliding and floatation are in accordance with NUREG-0800,
SRP 3.8.5, Section I.5. A comparison between the allowable and the
calculated factors of safety will be supplied with the FSAR.

Each foundation mat will be evaluated according to the following
procedures.”

The PSAR will be revised as indicated in the response above.

15. Reference to “design by rule method” will be deleted from these sections.

The PSAR will be revised as indicated in the response above.

16. The typographical error will be corrected. The equations are:

Sum of Stabilizing Moments

Sum of Overtuming Moments
Sum of Sliding Resistance
FS sliding =
Sum of Shiding Forces
Sum of Dead Weight
FS flotation =

Sum of Buoyancy Forces

The PSAR will be revised as indicated in the responses above.

17 (D)

2

Questions and Answers

The term ‘allowable stress’ is used in the general sense and indicates
the maximum permissible stress allowed in the material for the
specified load combination.

ASME B&PV Code, Section I, Division 2, Subsection CC, Article
CC-3422.1(b) allows a maximum stress in rebar of 0.9 fy. For
purposes of comparing the maximum stress in rebar, this stress limit is
indicated for design.

ACI 349 Code is used for the Control Building design. However, the
ACI Code does not indicate how to handle concrete cracking due to
thermal load. Thus, for those load cases where thermal load is
significant, computer programs such as SSDP-2D (PSAR Section
3C.3), are used. The program calculates the maximum tensile stress in
the rebar and compressive stress in concrete at a specific section under
analysis for a given load combination. In general, the maximum rebar

3-70



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

Qucstions and Answers

stress calculated by the computer program is compared with 0.9 F,.
This number is used as a guidance from ASME Code.
There is no change required to PSAR from the above response.

Section 3.8.3.2 states that Diaphragm Floor slab design shall be in
accordance with Reference Number 13. Reference 13 of Table 3.8.4 lists
the ACI 349 Code with the exceptions noted in Table 3.8-10.

There is no change required to PSAR from the above response.
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Track Number:  03-029, 03-051
PSAR Scctions:  3.8.5.4
Question Date: March 6, 1998
PSAR Question:

1. Prowvide discussions in Section 3.8.5.4 on how the seismuc inertia load will be
transterred from the Category 1 structure foundation to the foundation
medium. The effects of waterproofing membrane to the shear transter should
also be discussed.

PSAR Response:

1. Transfer of seismic inertia loads from the Category I structure foundation to
the foundation medium is accounted for using a coupled structural and
foundation model in the soil-structure interaction analysis. The effects of
waterproofing membrane to the shear transfer are accounted for using a
proper friction coefficient in the foundation sliding evaluation.

There is no change required to PSAR from the above response.

ROCAEC Review Comments:

The friction coefficient of 0.75 depends on the dewatering system. Is there
dewatering system in Lungmen NPP?

Further Clarification:

Yes, a permanent dewatering system is provided at Lungmen NPS for
Seismic Category I buildings in NI as indicated in PSAR Subsection 2.5.4.6.
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Track Number:  03-030

PSAR Sections:  Chapter 3 Appendix 3D

Question Date: February 13, 1998

PSAR Question:

Response:

)

3D.4.10,3D.4.11, 3D.4.14, 3D.4.15 and 3D.4.16 only briefly mentioned
the special analysis codes STEHAM, WATHAM, PILUG, PITRUST
and PITRIFE without further explanation whether these codes have
been verified. Please explain.
Section 3D.4.3 is not used. Please explain.

S&W analysis codes, STEHAM, WATHAM, PILUG, PITRUST and
PITRIFE, are verified and documented in accordance with S&W’s QA
Program.

Section 3D.4.3 1s identified as not used because the computer code that
was described in the ABWR SSAR will not be used on the Lungmen
project. In order to avoid potential confusion that could occur in relation
to the ABWR SSAR paragraphs if all the subsequent paragraphs were
renumbered, this section was maintained and identified as not used.

Section 3D.4.3 of the ABWR SSAR described a computer code,
NOZAR, that was used to perform nozzle area reinforcement calculations
in accordance with ASME Code Section III NB-3640. It will not be used
for the Lungmen design since NOZAR is not consistent with the ASME
Code 1989. The calculations performed by NOZAR will be completed
using a spreadsheet or equivalent.

There is no change required to the PSAR from the above response.

Questions and Answers
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Track Number:  03-031
PSAR Sections: ~ 3.7.1.2 Design Time History
Question Date:  February 6, 1998
PSAR Question:

Please include the parameters for soil modeling. For example, number of
layers, soil material properties, shear-wave velocities, dimensions of soil, etc.

Response:

The following is the information for soil profile and depth of layers for
Lungmen site:

-Class A & B crushed stone Backfill
Unit 1: Depth4.7m (from EL 12 mto 7.3 m)
Unit 2: Depth 2.3 m (from El 12 mto 9.7 m)

-Unit 1 weathered rock depth 2 m (from EL. 7.3 mto 5.3 m)
-Unit 1 intact rock exists below El. 5.3 m.

Unit 2 intact rock exists below El. 9.7 m

The engineering properties of foundation materials, including shear wave
velocity etc., are provided in PSAR Subsection 2.5.4.2.4.

There is no change required to PSAR from the above response.
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Track Number:  03-032

PSAR Sections:  3.7.1.2 Design Time History

Question Date: February 6, 1998

PSAR Question:
It is mentioned that PSD check of the time histories will be provided in the
FSAR. Please include the target PSD for Lungmen in the PSAR. Is it possible
to include the PSD check in PSAR review stage? If it not possible, please give
the reason.

Response:

Please see response to MPR Question Number 1, Track Number MPR-3.7.1
on PSAR Section 3.7.1.2.

There is no change required to PSAR from the above response.
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Track Number:

PSAR Sections:

Question Date:

PSAR Question:

03-033
3.6

February 13, 1998

OBE was not considered for the following designs :
(1) Section 3.6.1.1.1 items (1), (2) and (3)
(2) Section 3.6.2.1.4.2 on ASME code Section I, Class 2 Piping.

But after checking with SRP, OBE was found to be included for those designs
above. Please clanfy.

PSAR Response:

(1) OBE was madvertently not included in items (1), (2) and (3). Section
3.6.1.1.1 will be revised such that OBE loads are included.

The following changes will be made to the PSAR:

Section3.6.1.1.1item (1): “(excluding earthquake loads)”
will be changed to “(including OBE loads)”

Section3.6.1.1.1item (2): “excluding earthquake loads”
will be changed to “including OBE loads”

Section3.6.1.1.1 item (3); “including OBE loads”

will be added after “equation (10)” and after “equation (13)”

(2) OBE was advertently not included in Section 3.6.2.1.4.2, item (d).
Section 3.6.2.1.4.2 will be revised such that OBE loads are included.
The following changes will be made to the PSAR:

Section 3.6.2.1.4.2 item (d): “occasional loads”
will be changed to “occasional loads including OBE”

The PSAR will be revised as indicated in the response above.
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ROCAEC Review Comments:

There is a footnote (+) in 3.6.1.2.4.2(1)(a) which was not explained in PSAR.
Even though SSAR has explained it but it is different from B.1b(1)(a) of SRP
MTP MEB 3-1 (The SRP footnote included OBE but SSAR did not include
Earthquake loads). Should it be modified according to SRP ? Please explain.

Further Clarifications:
Yes, the SRP MTP MEB 3-1 footnote should be added to the PSAR. The
following footnote will be added to the PSAR: "For those loads and conditions

in which Level A and Level B stress limits have been specified in the design
specification (including the operating basis earthquake)."
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Track Number:  03-034
PSAR Sections: 3.2 Classification of Structure
Question Date: February 10, 1998
PSAR Question:

It is mentioned (in the footnote of Table 3.2-1d) that the detailed categories of
class Il will be made in FSAR. Why can it be made in PSAR stage?

Response:
This question is same as Track Number 03-015, Part 1.
The detaled classification of structures, systems and components into
subcategories A, IIB and IIC is currently in process and was not available at
the time of writing the PSAR. This classification requires consideration of
plant arrangement details and component functions. These subcategory

classifications will be provided in the FSAR.

There 1s no change required to the PSAR from the above response.
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Track Number:  03-035
PSAR Sections: 3.1 Conformance with USNRC GDC
Question Date: December 2, 1997
PSAR Question:
Section3.1.2.2.7.2

What is the applicable design requirement used for secondary containment?
Please specify that in related sections. Is secondary containment a leak-tight
barrier? If yes, to what extent?

Response:

The functional design requirements for secondary containment (SC) are the
relevant requirements of the USNRC General Design Criteria 4, 16, and 43
and Appendix J to 10 CFR Part 50, as identified in USNRC SRP 6.2.3. The
secondary containment structure together with the SC Heating, Ventilation
and Air Conditioning Subsystem of the Reactor Building HVAC System
(RBHYV) and the Standby Gas Treatment System (SGT) provide secondary
containment function which complies with these design requirements.

PSAR Section 6.2.3 provides the design bases and description of the
secondary containment functional design, PSAR Section 9.4.5.1 provides a
description of the SC HVAC Subsystem, and PSAR Section 6.5 provides a
description of the SGT.

The secondary containment structure is not strictly a leak-tight barrer.
However, an essentially leak-tight barmer against the uncontrolled release of
radioactivity to the environment is established by maintaining the secondary
containment at a negative pressure differential of 62 Pa (6.4 mmw.g.) when
compared with adjacent regions during plant normal condition by the RBHV
and during accident condition by the SGT. The plant is required to maintain
secondary containment integrity and SGT operability per PSAR Chapter 16
Sections 3.6.4.1 through 3.6.4.3 and related surveillance requirements.

There i1s no change required to the PSAR from the above response.
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Track Number:  03-036
PSAR Sections: 3.1 Conformance with USNRC GDC
Question Date: December 2, 1997
PSAR Question:

Please provide a diagram or drawing in which RCPB for Lungmen unit is
clearly defined.

Response:
The definition of RCPB is provided in the second paragraph ot Section 5.1
and explains how it is associated with the reactor coolant systems (RCS). The
piping and instrument diagrams (P&IDs) of the RCS are listed in Section

5.1.2. The RCPB is identified in more detail in Section 5.2.4.1.1.

Section 3.1.2.2.52 of the PSAR will be revised to include Section 5.1,
Summary Description, in the list of sections for further discussion.
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Track Number:
PSAR Sections:
Question Date:

PSAR Question:

Response:

03-037
3.1.2.4.2 Fracture Prevention of RCPB

December 2, 1997

Base on the operational experiences, both our GE’s BWR NPPs in Taiwan
have suffered the core shroud cracks. This is also a worldwide BWRs
experience. Regarding this, has any measure been taken in ABWR design to
improve this potential defect therefore to have a better evaluation against
GDC#31.

Based on the current understanding of BWR core shroud cracking, there are
three material factors that may act independently or jointly to produce crack
mitiation and propagation. These are material selection, fabrication processes,
and irradiation. Older BWRSs have shrouds fabricated from ordinary Type 304
material which is known to be susceptible to sensitization from the heat input
of welding, and therefore susceptible to conventional IGSCC. For more
recent construction, such as for Chinshan and Kuo Sheng, Type 304L has
been used for core shrouds. For these cases sensitization would not be
expected (as confirmed by boat sample analysis in some cases) so traditional
IGSCC is not a factor. Based on evaluations and testing to date, it has been
concluded that high levels of surface cold work from the fabrication of the
cylindrical sections of the shroud was a likely contributor to crack initiation.
In addition, for cracking observed in the beltline of some 304L shrouds, it
appears that irradiation assisted stress corrosion cracking may be a
contributing factor.

For the ABWR including Lungmen, all of the issues noted above have been
addressed. The shroud material has been changed to a low carbon Type 316L
(0.02% maximum). In addition to eliminating the potential for sensitization,
this matenial selection brings along two other benefits. Type 316L does not
form cold work induced martensite as does Type 304L, so consequently is
more tolerant of surface cold working. Secondly, the 316 family of alloys
appears to be more resistant to LASCC than the 304 family or, for that matter
347. With respect to fabrication practice, special measures are taken during
fabrication of the ABWR shrouds to minimize residual surface cold work in
the weld heat affected zones of the major structural welds. This is done by
polishing the heat affected zones after welding to remove the top layer of
material where most of the fabrication induced cold working is present. Also,
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to improve the long term resistance to IASCC design controls are included.
Vertical welds in the shroud cylinder are located in low flux azimuths around
the shroud circumference and the circumferential weld is located as far below
the flux midplane as practical. This minimizes the end-of-life fluence of the
major structural welds in the shroud. Additionally, stresses in highly irradiated
weld joints are limited by a special design criteria for IASCC mitigation.

The current shroud design includes changes to address each of the three
factors that are associated with current incidences of shroud cracking. Taken
together, these measures result in a shroud design and fabrication that is
significantly improved relative to older Type 304/304L shrouds. It is expected
that these measures will be effective against the known causes of core shroud
cracking,

There is no change required to the PSAR from the above response.

Note: The criterion statement of the GDC# 31 (Title: Fracture Prevention
of Reactor Coolant Pressure Boundary) addresses briftleness and
adequacy of toughness of the RCPB, the low alloy steel RPYV being the
prime concern. It does not apply to the shroud. The stainless steel shroud
belongs to the safety-related core support structures, which are addressed
in PSAR Section 4.5.2. According to SRP 4.5.2, the GDC# I and 10 CFR
50.55a apply. The information in PSAR Section 4.5.2, as elucidated in the
above response, meets the requirements of GDC# 1 and 10 CFR 50.55a.
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Track Number:

PSAR Sections:

Question Date:

PSAR Question:

Response:

03-038
3.3.1 Wind Loading

November 21, 1997

1.Please provide evidence that supports the design wind velocity to be 194.4
km/h with a recurrence interval of 100 years as described in Section 3.3.1.1.

2.Same as 1 above, where is the evidence that supports the design typhoon
speed to be 252 kivh as described in Section3.3.2.1.

3.What is the unit for the wind velocity in this chapter?. Should it be fastest
mile or max. of 3 minutes average?.

1. The supporting documents for design wind velocity of 194 4km/h is “CEER
R81-13, The Analysis of Wind Velocity Hazard Curves at Yen-Liao
Station”. The report had been submitted to the ROCAEC and was accepted
on December 11, 1993 via letter (82)16821 (attached).

2.PSAR Table 2.3-3, “Prevailing Wind Direction, Average and Extreme
Wind Speeds in Northern Taiwan”, provides the maximum instantaneous
wind speed as 66.6 mv/s. The actual data in this table is based on the
prevailing wind directions and average / extreme wind speeds measured by
the various weather stations in neighboring Taipei, Keelung, and Tlan. The
references for this data are provided in PSAR Section 2.3.6.

Kuosheng FSAR Section 3.3.2.1 gives typhoon Wind Speed of 157 mph
(252knvhr).  Chin Shan Nuclear Power Station FSAR design wind speed
used for typhoon is 60 mvsec (216 km/hr).

Based on above, for design of all Lungmen structures and buildings,
extreme design wind speed (Reference TPC Bid Specification Section
3.3.5.1.2-2.1.B) of 70 mv/sec (252 knv/hr) is used.

3.Unit of wind velocity in this chapter is kmv/h. The wind velocity is the fastest
speed and is not an average of 3 minutes speed.
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Track Number:
PSAR Sections:
Question Date:

PSAR Question:

Response:

03-039
3.5.1 Missile Selection & Description

November 21, 1997

Section 3.5.1 indicated that the plant complies with Criterion 4 of 10CFR50
App. A. Please provide proof and further explanation.

Section 3.5.1 states, in part, “... The missile protection criteria to which the
plant has been analyzed comply with Criterion 4 of 10CFRS0 Appendix A,
General Design Criteria for Nuclear Power Plants”.

10CFR50, Appendix A, Criterion 4,”Environmental and Missile Design
Basis”, states, in part, “........These structures , systems, and components shall
be appropriately protected against dynamic effects, including the effects of
missiles, .......... ?

PSAR Section 3.1.2.1.4.2, “Evaluation Against Criterion 4~ has provided the
following explanation:

Essential structures, systems, and components are designed to accommodate
the dynamic effects of and to be compatible with the environmental conditions
associated with normal operation, maintenance, and postulated pipe failure
accidents, including LOCAs.

These structures, systems, and components are appropriately protected
against dynamic effects, including the effects of missiles, pipe whipping, and
discharging fluids, that may result from equipment failure. The effects of
missiles from sources external to the Lungmen NPS Units 1 and 2 are also
considered. Design requirements specify the time which each must survive the
extreme environmental conditions following LOCA. The design of these
structures, Systems, and components meets the requirements of Criterion 4.

The detailed discussion is provided in following sections of the PSAR:
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Chapter / Section | Title

20 Summary of Site Characteristic

3.3 Wind and Typhoon Loading

Water Level (Flood) Design

34

3.5 Missile Protection

3.6 Protection Against Dynamic Effects Associated with the Postulated Rupture of
Piping.

8 Design of Seismic Category I Structures
11 Environmental Qualification of Safety-Related Mechanical and Electrical
Equipment

2 Integrity of Reactor Coolant Pressure Boundary

Engineered safety Features

5
6
7 Instrumentation and Control Systems
8 Electric Power
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Track Number:  03-040

PSAR Sections:  3.9.2 Dynamic Testing and Analysis

Question Date: November 21, 1997

PSAR Question:

S8

Response:

38}

This section uses 60 Hz as a cut-off for RBV (Reactor Building
Vibration). Would it be possible to use the pre-OP or start-up test results
from KK 6/7 to verify that 60 Hz is adequate?

Has it been determined where to conduct the Seismic Qualification Test ?
If yes, please provide the specifications items of the shaking table of the
laboratory, etc.

The 60 Hz. cutoff frequency has no relationship to the pre-operational and
startup test for K-6/7. It is the minimum cutoff frequency for
hydrodynamic loads.

It depends on the equipment complexity as discussed in Section 3.9.2

ROCAEC Review Comments:

1.

Please justify that the 60 Hz cutoff'is adequate.

Further Clarifications:

1.

The cut-off frequency at 60 Hz minimum is a common design practice for
hydrodynamic loads in BWR Plants, and it has been used in the ABWR
Standard Plant. Please also refer to PSAR Section 3.7, second paragraph
on Page 3.7-1. :

ROCAEC Review Comments:

The question was to ask how to venfy the 60 Hz cut-off is an adequate
number, considering that K6/7 is in operation (therefore there must have some
test data can be referred) and the R/B size as well as embedded depth of
ABWR plant are different from those of BWR4 or BWRG6 plant.”

Further Clarifications:

Questions and Answers
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Questions and Answers

The hydrodynamic loads characteristics are the same for all GE BWR's
including ABWR. The effect of building size and embedment depths is
insignificant because the loading originates from the condensation loads in
the suppression pool which is a common feature for all GE BWR and
ABWR plants. As such, the 60 Hz minimum cutoff frequency for
hydrodynamic loads based from a generic study for BWR components is
applicable to ABWR.

The 60 Hz cutoff frequency has no relationship to the pre-operational and
startup test for K-6/7. It is the minimum cutoff frequency for hydrodynamic
loads.
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Track Number:
PSAR Sections:

Question Date:

PSAR Question:

Response:

03-041

3.7

March 10, 1998

1. The May 1, 1997 edition of the ROC Building Code (with seismic resistance

design regulation and commentary) specifies that the horizontal ground
acceleration of the medium Seismic Zone shall be 0.23 g which is higher than
the OBE value of 0.2g for Lungmen. Please explain the impacts to
Lungmen structure designs due to this new edition of ROC Building
Codes.

2.What are the impacts to Lungmen with the new edition of the Technology

Codes in the areas of soil liquefaction evaluation and prevention (chapter on
Building Structures - general principles Article 48.1) and side slope stability
(chapter on Building Design & Construction - buildings on slopes, Articles
260 to 268) 7 Please explain.

The horizontal Design Ground Acceleration as specified in May 1, 1997
edition of the R.O.C. Building Code is defined as:
Zd(g=Z x 1 /1.40ny Fu

Where Z = Horizontal Acceleration coefficient for individual seismic
zone
I = Important Factor
oy = Initial Yielding Amplification Factor

Fu = Structural System Ductility Reduction Factor

For a typical BOP R.C. structure located in Lungmen site, we use Z=0.23
mn accordance with Chapter 2.3 of ROC Building Code; I=1.5 in
accordance with Chapter 2.4 of ROC Buiding Code; a=1.5 in
accordance with Chapter 2.6 of ROC Building Code; Fu=1.0 for
conservative in accordance with Chapter 2.15 of ROC Building Code.
Thus the above mentioned formula will result in:

Zd(g)=0.23x 1.5 /1.4x 1.5x 1.0=0.164g
Which is smaller than 0.2g of OBE. Therefore there will be no impacts to
Lungmen BOP structure designs.

Questions and Answers 3-88



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

2.The Seismic Category I & I Structures (Reactor Building, Control Building
Auxiliary Fuel Building, and Turbine Building) are founded on rock which
rules out potential liquefaction possibility. There are no slopes within the
design scope of these structures.

(a) No slides have ever happened since the slopes of Lungmen site were
constructed ten years before.

() Chapter 13 of ROC Building Regulations was promulgated on
December 26, 1997. The applicable sections of Chapter 13 are 264
and 265 which concern the withdraw distance for safety reason and
living quality reason respectively.

(¢) Lungmen building design meets the requirements of sections 264 and
265 of Chapter 13.
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Track Number:
PSAR Sections:
Question Date:

PSAR Question:

Response:

03-042
3.7.1.1

March 21, 1998

In the structural dynamic analysis, only the seismic acceleration time histories
that conform to the design spectra constructed in accordance with Figures 5.1
and 5.2 of Document IESER 93002 were used. Shouldn’t more seismic
acceleration time histories with different phase characteristics be employed to
achieve a more rational and complete analysis results ? Please explain.

Seismic acceleration time histories are developed in accordance with USNRC
SRP 3.7.1, Acceptance Criteria I.1.b for Option 1, Single Time History. A
single set of three-component time histories envelope both design response
spectra and Power Spectral Density Function (PSDF) requirements. As
compared to Option 2, Multiple Time Histories, for which a minimum of four
time histories whose average response spectra envelope the design response
spectra without the need to satisfy the PSDF requirements, the Option 1 of
single time history is more conservative and more practical to use for design
purposes.
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Track Number:  03-043

PSAR Sections:  3.2.4 Table 3.2-3

Question Date: March 19,1998

PSAR Question:
Please explain that whether the industrial codes and standards used for the
Sensing Line and Sampling Line of the Containment Monitoring System
(CMS) in Table 3.2-3 under the Pipes would satisfy the requirements of
R.G.1.1517

Response:
All the Sensing Lines and Sampling Lines are ASME Class 2 and Seismic
Category I lines, and thus the industrial codes and standards used for the
Sensing Line and Sampling Line of the Containment Monitoring System

(CMS) in accordance with PSAR Table 3.2-3 (per column, “Pipes, Valves
and Pumps”) would satisfy the requirements of R G.1.151.
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Track Number:
PSAR Sections:
Question Date:

PSAR Question:

Response:

03-044
3MA. 10.2

April 15, 1998

The cooling of the RIP motor of the RCIR system is provided by the R/B
cooling water system. Since RCIR is at the reactor pressure boundary, so the
design of the piping of the cooling water system associated with it should
follow the URS (Ultimate Rupture Strength) design in the PSAR to a value of
2.82 Mpag, but it was found that they were designed to 1.37 Mpag which is
used for fire protection pipings. Please explain.

The RBCW piping is not connected to the reactor coolant pressure boundary.
It is connected to the secondary side of the heat exchanger. Therefore, it is not
required to be upgraded and it is designed to 1.37 MPaG.

For clanfy, the last sentence of second bullet in PSAR Section 3MA.10.2 will
be revised as follows:

“No upgrade is necessary for the RBCW piping since it is connected to the
tube side of the RCIR heat exchangers and is not considered part of the
reactor coolant pressure boundary. The design pressure for the RBCW piping
15 1.37 MPaG.”
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Track Number: 03-045
PSAR Sections: 3.515and 3.5.1.6
Question Date: March 25, 1998
PSAR Question:
Site Proximity Missiles Except Aurcraft and Aircraft Hazards :

NRC requested in NUREG-1503 that analysis be provided to prove that the
requirements of SRP 3.5.1.5 and 3.5.1.6 are met (the consequences of missile
(including aircrafts) impacts on an ABWR should not exceed the requirements of
10CFR 100 of 107 exposure per year). And GE has responded to this NRC request in
SSAR (3.5.4.3 Amendment 33) but in this section of PSAR it was excluded from the
Design Basis and no commitment was given that relevant analysis will be provided to
prove that it does not have to be included in the Design Basis. Please explain.

Response:  (Revised 9/30/98)

Please sec Further Clarification of a response to Track No. 03-018 for the results of
the aircraft hazards evaluation for the Lungmen NPS. The PSAR Subsections 2.2.3.5
and 3.5.1.6 will be revised as mentioned there.:

As the PSAR Subsection 3.5.1.5 mentions, events that could generate any
external site-proximity missiles, other than thosc generated by typhoons, are
considered to occur < 10 7 per vear and, therefore, are not considered to be

design basis events for the Lungmen NPS.

The PSAR will be revised as indicated in the response above.
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Track Number:  03-046

PSAR Section: 3.7.1

Question Date: May 8, 1998

PSAR Questions:
1.

(O8]

Response:

3

(OS]

Section 3.7.1.2: Provide PSAR Figures 3.7-24, 3.7-25, and 3.7-26 cited
in the response to Question 1 on PSAR Section 3.7.1 (Track No. 03-
020), if currently available.

Section 3.7.1.3: The response to Question 2 on PSAR Section 3.7.1
(Track No. 03-020) describes definition of structure damping to obtain
seismic loads for structure design. However, this response does not
address structure damping values for seismic response analysis to obtain
floor response spectra for equipment design. How will correlation
between structure damping values and structure stress levels be assured
for such analyses?

Section 3.7.1.2: Provide numerical comparisons of the SSE ground
spectra and spectra for the ground motion time-histories in the North-
South, East-West, and vertical directions at 5% damping at the selected
frequency intervals.

Figures 3.7-24, 3.7-25 and 3.7-26 are attached as FIGURES PDF.

Seismic response analysis to obtain floor response spectra for equipment
design is the same dynamic analysis to obtain seismic loads for structure
design. Therefore, floor response spectra generated are consistent with
the structure stress level.

Please see attached data for E-W, N-S, and Vertical response spectra at 5
% damping as TABLE DOC File:

The PSAR will be revised as indicated in Response 1 above.

Questions and Answers

3-94



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

Track Number: 03-047

PSAR Sections: 3.7.2

Question Date:  May 8, 1998

PSAR Question:
1.

[¥'S]

Response:

98]

Questions and Answers

Section 3.7.23.1: Provide Reference 3.7-8 cited in the response to
Question No. 1 on PSAR Section 3.7.2 (Track No. 03-021).

Section 3.7.2.3.1: The response to Question 2 on PSAR Section 3.7.2
(Track No. 03-021) indicates that only frequencies calculated by the two-
and three-dimensional models are to be compared. Why are mode shapes
and modal participation factors, parameters that are also important to
structure seismic response, not compared as well?

Section 3.7.2.1: Are the main steam lines located in the turbine building?
Are they required to be designed for the SSE? If so, what are the seismic
design criteria for the turbine building and condenser?

Section 3.7.2.1: What are the critena to be used to venfy that an
adequate number of masses or dynamic degrees of freedom are included
in the structure models?

Section 3.7.2.8: Prowvide technical justification for Requirement No. 4
being in conformance with SRP requirements. How can it be assured
that a Seismic Category [IB SSC does not fail due to the SSE, when
performance under the SSE is not analyzed?

Section 3.7.2.12: 1t is stated that a comparison of responses obtained by
the response spectrum and time-history analysis methods is not required
since only the latter is used for Seismic Category I buildings. How is this
statement consistent with Section 3.7.2.1, which states that "Analysis of
Seismic Category I structures and the Reactor Pressure Vessel (RPV) is
accomplished by using the response spectrum or time-history approach."

Reference 3.7-8, “Equipment Response Spectra Including Equipment-
Structure Interaction Effects” is attached as PDF File: 3-7-2-1.PDF.

In addition to comparison of frequencies, comparison of modal
participation factors is also made. Mode shapes are not compared
separately since they are included in the modal participation factor
calculations.

Main Steam Lines
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Questions and Answers

The main steam lines are routed from the reactor building through the
main steam tunnel (above the control building) and into the turbine
building,

‘The MS-BOP main steam line piping, bypass line, and condenser will be
used to mitigate the consequences of a postulated accident and are
required to remain functional during and after an Operating Basis
Earthquake(OBE) and a Safe Shutdown Earthquake (SSE). The MS-
BOP main steam lines, turbine bypass valve lines including the turbine
bypass valve steam chests and all branch lines 65mm(2.5in.) pipe size
and larger, up to and including the first valve(including line and valve
supports, safety or relief valves), that is either normally closed or
capable of automatic closure during all modes of operation, shall be
dynamically analyzed to demonstrate their structural integrity under
OBE and SSE loading conditions.

For branch lines smaller than 65mm(2.5in) diameter, the rupture could
result in bypass of the main condenser, shall be designed to withstand
the SSE design loads in combination with other appropriate loads.

The turbine building is a Seismic Category IIA building (reference Table
3.2-1c). Asis identified in Note f in Table 3.2-1d, the definition and
basic seismic criteria for Seismic Category IIA structures are: “These
are SSC whose collapse could result in loss of required function of
Seismic Category I structures, components, or systems required for safe
shutdown. These structures are designed according to ROC Building
Code “Medium Seismicity Zone” and analytically checked to determine

- that they will not collapse when subjected to an SSE and extreme

environmental loads. The two horizontal directions (north-south and
east-west) and one vertical direction SSE accelerations are considered
to act simultaneously for checking structural integrity.” Also see
Section3.7.2.8.

Turbine Building and Pedestal

The Turbine Building and Turbine Pedestal is designed for earthquake
loads corresponding to those specified in the R.O.C. Building Code for
the medium seismicity zone. Lateral seismic loads computed based on
the R.O.C. Building Code shall be applied nonconcurrently in the
direction of each of the main horizontal axes of the structure.
Consideration of vertical earthquake ground motion is not required.

In addition, the Turbine Building and Turbine Pedestal shall be
analytically checked to determine that they will not collapse when
subjected to an SSE. The two horizontal directions (i.e., N-S & E-W)
and one vertical direction SSE accelerations shall be considered to act
simultaneously for checking structural integrity.

Main Condenser
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U

6.

The main condenser is designed to withstand an SSE and maintain
structural and leak-tightness integrity as required to function as the
alternate leakage pathway. The design is reviewed on a realistic basis to
demonstrate that it falls within the bounds of design characteristics
found in conventional power plant condensers which have
demonstrated good seismic performance.

No changes will be made to the PSAR as a result of the response to the
question.

The number of masses or dynamic degrees of freedom is considered
adequate when it is equal to at least twice the number of significant -
modes in the vibration direction of interest. Alternately, the number of
masses is considered adequate when additional degrees of freedom do
not result in more than a 10 percent increase in responses. Significant
modes of vibration are those modes up to 33 Hz or a frequency when
cumulative modal mass equal to at least 90 percent of the total mass is
reached.

As mentioned in PSAR Section 3.7.2.8, the criteria for Seismic
Category [IB SSC is in accordance with USNRC Regulatory Guide
1.143, Revision 1, "Design Guidance For Radioactive Management
Systems, Structures, and Components Installed In Light-Water-Cooled
Nuclear Power Plants." Seismic design for radwaste management
systems and structures housing radwaste management systems is
addressed in Section C.5 of this Regulatory Guide. The maximum
earthquake required to be considered is the OBE,; not the SSE.

Seismic Category IIB SSC are located a sufficient distance away from
Seismic Category I SSC that the collapse or failure of the Seismic
Category 1B SSC will not result in the loss of required function of
Seismic Category I SSC required for safe shutdown.

The intent of PSAR Section 3.7.2.1 is to document that both the response
spectrum and the time history methods are acceptable for dynamic
analysis of Seismic Category 1 (SC I) structures, which include not only
buildings but also tanks, tunnels, dams, etc. The purpose of PSAR
Section 3.7.2.12 is to document that all SC I buildings use time history
methods.

There is no change required to the PSAR from the above responses. -

Questions and Answers
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Track Number:  03-048

PSAR Sections:  3.7.3

Question Date:  May §, 1998

PSAR Question:
1.

o

LI

Response:

1.

Questions and Answers

Section 3.7.3: This section does not reveal any information on computer
codes used for subsystem analysis nor benchmark problems to verify
codes. Please describe the computer codes and the verification processes
to be used.

Section 3.7.3: This section does not reveal any displacement limits for
piping. Please describe displacement criteria to be used to assure the
performance of hangers and other types of supports.

Section 3.7.3.8.8: It is stated that differential endpoint or restraint
deflections result in secondary stresses in the piping systems because the
stresses are self limiting much as the case for restraint of thermal
expansion. Because of the secondary nature of the pipe stresses and the
fact that the primary stresses due to inertial response of the piping system
and the secondary stresses due to differential endpoint or restraint
displacements are dynamic in nature and are not expected to occur at the
same time, the two responses are combined by SRSS. This argument 1s
based upon the dynamic response and structural behavior of piping but
does not necessarily apply to the reactions at piping supports nor fo
support design philosophy. The loads that are considered self limiting for
piping design are usually treated the same as loads that are not self limiting
for support design. Please describe how the forces/stresses in piping
supports due to seismic inertia and support point displacement are
combined for support design and the justification for the combination.

The computer codes used for subsystem analysis include the following
codes:

NUPIPE-SWPC - Used to perform piping system analysis.
STRUDL-SW - Used to perform structural frame analysis.

PC-PREPS - Used to perform structural frame, weld, local stress, and
baseplate and anchor bolt analysis.

ANSYS - Used to perform analysis of many types of subsystems

Computer codes used for subsystem analysis are described in Section

3D. Verfication of these computer codes is described in Section 3D. 1.
For example, PISYS is the computer code used for analyzing piping
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2

Qucstions and Answers

systems subjected to both static and dynamic loads. The PISYS
computer code and the benchmark problems used to verify it are
described in Section3D.4.1.

Section 3.9.4.1 provides the displacement criteria to be used to assure the
performance of hangers and other types of supports.

There are no specific displacement limits for piping. Displacement limits
are governed by other plant and system commodities. For example,
piping displacements must be limited such that unacceptable thermal or
seismic interactions between piping and other plant commodities are
precluded. Displacements must be limited so as to not allow unacceptable
pipe sag or the formation of water pockets that may be result in
unanticipated water or steam fluid transient loads or events.

The performance of hangers and other types of supports will be
guaranteed by the proper selection of support and hanger type, location
and function in accordance with pertinent Code and vendor requirements
after consideration of all applicable loadings and pipe movements.

The pipe support loads due to seismic inertia and support point
displacements are combined by SRSS.

For each support direction, the dynamic and the pseudo-static
(displacement) contributions are time inconsistent; their peak values do
not occur at the same instant in time. Therefore, it is inordinately
conservative to combine the peak value of the dynamic response with the
peak value of the pseudo-static response by the absolute sum method. A
more representative combined peak response is provided by the SRSS
combination of the peak dynamic and peak pseudo-static values.

The forces/stresses for pipe supports due to seismic inertia and support
point displacement are combined in accordance with criteria as stated in
PSAR  Sections 3.9.3.4 “Component Supports,” Section 3.9.3.4.1
“Piping,” Table 3.9.1 “Plant Ewvents” and Table 3.9-2 “Load
Combinations and Acceptance Criteria for Safety Related ASME Code
Class 1, 2 and 3 Components, Component Supports and Class CS
Structures.” These sections and tables state that for pipe supports the
loading combinations for various operating conditions correspond to
those used for design of the supported pipe. The tables state that the
seismic anchor motions (SAM) are dynamic loading events and that they
are to be combined in accordance with NUREG-0484, Revision 1. This
NUREG permits, as is stated in PSAR Section 3.7.3.8.8 “Effect of
Differential Building Movements,” the combination of dynamic loads by
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the Square Root Sum of Squares (SRSS) method. The justification is
provided in those documents and it is concluded that the peak load values
are not expected to occur at the same time and that the computation of the
SAM effects from static analysis uses a method in which the
displacements are applied to produce the most conservative loads. Other
supporting justification is that the dynamic response time for earthquake
functions is rapidly varying, the duration of the strong motion portion of
the earthquake function is short, the earthquake function consists of a few
distinct high peaks which are random with respect to time, and the
earthquake response is calculated on a linear elastic basis.

There is no change required to the PSAR from the above responses.

Questions and Answers
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Track Number:  03-049

PSAR Sections:  3.8.1

Question Date:  May 8, 1998

PSAR Question:
1.

Response:

Questions and Answers

In the response to Question No. 5 on Section 3.8.1 (Track No. 03-025),

TPC stated that these penetrations are modeled in the global finite element

model with a finer mesh. The model also includes the liner plate. The
liner strains are taken directly from this global model analysis results. The

analysis of stresses in the concrete surrounding these openings and the

reinforcing bars therein, is performed using computer code SSDP-2D as

discussed in PSAR Appendix Section 3C.3. Further questions are as

follows:

a.

Explain how major penetrations such as the upper drywell equipment
and personnel hatches, the lower drywell equipment and personnel
tunnels and hatches, and the suppression chamber access hatch, which
are oriented at different azimuths will be modeled in the 180-degree
global model (Section3.8.1.4.1.1).

Explain how concrete cracking (Section 3.8.14.1.1.3) will be
accounted for in the linear elastic analysis of the global finite element
model of the containment structure.

The RB global FE model includes the southern half (azimuth 0°-90°-
180° region) of the RCCV. All major penetrations on the RCCV wall
are modeled at the actual locations except for the upper drywell
personnel hatch, which is located on the northemn half of the RCCV.
The azzmuth angle of the upper drywell personnel hatch is at 230
degrees, which is nearly symmetrical with the upper drywell
equipment hatch at 130 degrees azimuth. This means the U/D
personnel hatch is indirectly modeled in the global model. Therefore,
it can be concluded that all major penetrations are considered in the
180 degree global model.

Concrete cracking is accounted in the calculations by SSDP-2D.
SSDP-2D calculates the stresses of concrete and rebars under the
condition that concrete does not bear tensile forces. Section forces
and moments are obtained by the RB global FE model analyses. The
global model analyses are elastic finite element analyses, and do not
consider concrete cracking,

There is no change required to the PSAR from the above responses.
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Track Number:  03-050

PSAR Sections:  3.8.4

Question Date: May 8, 1998

PSAR Question:

™

Response:

Questions and Answers

TPC response to Question No. 1 (Track No. 03-028) referred to Section

3.7.3.16 for seismic analysis and Section 3.8.4 for applicable codes and

standards and structural acceptance criteria. Review comments on TPC
response are:

a. Provide descriptions of the Lungmen Seismic Category I tanks
(aboveground and underground) and their designs and constructions.
This is consistent with what has been presented for the other
Lungmen Seismic Category I civil structures.

b. The ASME Code Section ITI, Subsection NE, Division 1, Class MC
listed in Section 3.84.2 is not applicable for aboveground
atmospheric steel storage tanks.

Seismic analysis method discussed in Section 3.7.3.16 is only applicable to

Seismic Category I above-ground wvertical flat bottom storage tanks.

Provide discussions for Lungmen underground Seismic Category I tanks,

if applicable.

Provide calculations of the “actual” floor live loads for the floor with the
heaviest live load of the Reactor Building and the Control Buiding to
substantiate the use of 100 lbs/ft2 live load.

a. See response to MPR Question 03-028, Part 1, on PSAR Section
3.8.4. Free-standing Seismic Category I (SC I) tanks are divided into
two categories: (1) Those tanks that are located inside SC I buildings
are seismically analyzed per PSAR Section 3.7.3.16 and designed to
the ASME I requirements, and (2) those tanks that are located in the
yard will be seismically analyzed per PSAR Section 3.7.3.16 and
designed to the requirements to be provided in the FSAR, Section
3.84.

b. As mentioned in the above response the free-standing tanks that are
located inside Seismic Category I (SC 1) buildings are designed to the
ASME I, Subsection ND, requirements, Subsection NE
requirements do not apply.
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There are no Seismic Category I aboveground and/ or underground tanks
in the BOP portion of the plant. Therefore Sections 3.8.4 is not required.

The live load during normal plant operation, in general, consists of people
walking or any light machinery on the floor. The magnitude of this load is
used as 100 Ibs/ft*. This is based upon judgment aided by ASCE Standard
ASCE 7-88, “Minimum Design Loads for Buildings and Other
Structures” Table 2. The live load during plant refueling is equal to the
higher of 100 Ibs/ft” or the expected floor loading during refueling.

There 1s no change required to the PSAR from the above responses.

Questions and Answers
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Track Number:  03-051

PSAR Sections:  3.8.5

Question Date: Vay S, 1998

PSAR Question:
1.

Response:

We agree with TPC’s response to Question No. 1 on Section 3.8.5
(Track No. 03-029) that the coupled structural model of the building and
the foundation will properly model transfer of the load between the
building and the foundation. However, describe how the loads will be
physically transferred from the building into the foundation medium.
What are the proper coefficients of fiiction between the concrete mat and
the membrane and between the membrane and the bedrock for design?

For the buildings the foundation construction is a multi-layered approach.
On top of the intact rock a layer of 100 mm thick mudmat will be placed.
This layer will have drainage piping embedded and will have its surface
intentionally roughened. A water proof membrane will be laid on top of
this layer of mudmat. On top of membrane layer will be another 100 mm
thick layer of mudmat. The basemat will be placed on top of this mudmat
layer.

The coefficients of friction between various materials are as follows:

Coeflicient of Friction Static Dynamic
Between mudmat & bedrock/Rockfill 0.5 0.75
Between concrete & non-vulcanized

butyl Rubber sheet 0.75 >0.75

Non-vulcanized butyl rubber sheet will be used as waterproofing
membrane. Based upon various text books the coefficient of friction of
rubber to concrete ranges from 0.6 to 0.9 assuming a smooth surface.
Actual value will be higher because of the presence of irregular surface
between mudmat and rubber membrane. This is consistent with Kuo
Sheng FSAR values.

A friction coefficient of 0.75 takes into account the degradation due to the
presence of a waterproofing membrane considering that the surfaces
above and below the membrane are not smooth.

Based upon this the governing coefficient of friction will be between
mudmat and bedrock/rockfill.

There is no change required to the PSAR from the above response.

Questions and Answers
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Track Number:  03-052

PSAR Sections:  3.2.2

Question Date: May 4, 1998

PSAR Question:

1. The Safety Classifications of Reactor Internal Structures and Core Support

Structures defined in the Reactor Pressure Vessel System in 3.2-1(b)
number B11 are not consistent with the classifications in Table 3.2-3 or
Core Support Structures in Section 3.9.5.1.1 or Internal Structures in

Section 3.9.5.1.2. Please clarify.

2. Comparng the systems listed in Table 3.2-1a with SSAR, PCV Pressure
Leak Test Facility and Motor Control Center, etc., are nussing. Please

clarify.

(@8]

In SSAR Table 3.2-1, item number J1 ‘“Fuel Assembly”, Loose Part
Monitoring System was classified but it was not mentioned in PSAR Table
3.2-1. Please clanfy. '

4. In Table 3.2-1 item number K11, the relevant piping at the Containment
Boundary of the Radwaste Sump was classified as SC-2. Should the Sump
itself be classified as SC-2 as well 7 Please clanfy.

5. The Standpipe of the Condensate Storage & Transfer System listed in
Table 3.2-1 item number P13 was classified as SC-2 component but the
connecting piping was not safety-related component. Please clarify.

6. The Ultimate Heat Sink listed in Table 3.2-1C item number W11 did not
have descriptions of mechanical components and pipings associated with it.

Please clanfy.

7. The pipings within Quality Group B under Quality Group & Seismic
Category of Figure 3.2-2 did not have its specifications listed after its
Branch Line is connected to the downstream valve. Please clarify.

PSAR Responses:
1. The PSAR Table 3.2-1b will be revised to be consistent with Table 3.2-3
and PSAR Sections 3.9.5.1.1 and 3.9.5.1.2 as attachment 1.
2. SSAR System T25 (Sequence No. T5 on SSAR Page 3.2-49; see Page

3.2-15 for sequence no. and system no. correlation), PCV Pressure and
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Leak Testing Facility, i1s not included in the Lungmen NPS design at this
time, because a consideration is being given if this special facility area in
secondary containment would be needed. The FSAR would include the
system if it is decided that the facility would be required.

SSAR System R24 (Sequence No. R7), Motor Control Center is included
in PSAR System R12, Low voltage Distribution System on PSAR Page
3.2-40. The PSAR System R12 is comprised of SSAR Systems R23
(Power System) and R24 (Motor Control Center) and includes additionally
non safety-related items.

The preceding explanation is an example of system restructuring for
Lungmen PSAR from the SSAR system structure. A Lungmen system (1)
may not exist similar to an SSAR system because it is not needed, or (2) it
may be a new system that does not exist in SSAR, or (3) it may be same as
the SSAR system, or (4) it may be a combination of portions of some
SSAR Systems.

The tables in attachment 2 show the relationship matrix of those PSAR
systems which are same as or combination of portions of some SSAR
Systems. If a PSAR system shown on PSAR Table 3.2-1b is not in the
matrix column “Lungmen PSAR Table 3.2-1b System,” it is a new system;
and if an SSAR system on SSAR Table 3.2-1 is not in the matrx column
“SSAR Table 3.2-1 System(s) that are contained totally or partially in
PSAR System” it is not included in the PSAR.

3. The Loose Parts Monitoring System (LPMS) is System C75 in the
Lungmen PSAR.

There is no change required to the PSAR from the above responses.

4. The Radwaste Sumps (SUMP) System (System designation: K11) is
classified as a non-safety-related system. Its function is to collect
radioactive liquid wastes generated in the plant and transfer the
waste water to the Radwaste Building for further processing.
However, part of the SUMP piping penetrates through the primary
containment boundary. This containment penetration, including
piping and associated isolation valves, forms an integral part of the
containment boundary and are therefore classified as the same
safety class as the primary containment boundary, i.e., SC-2. The
remainder of SUMP has no safety design basis and is classified as
non-satety -related.

There is no change required to the PSAR from the above responses.
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5. The standpipe is classified as SC-2 since it supports the safety-related
function of the condensate storage tank level transmitters. The safety
function of these transmitters is to ensure a source of reactor coolant
inventory water (suppression pool) is available by switching the suction for
the emergency core cooling systems from the condensate storage tank to
the suppression pool if the condensate storage tank is unavailable. Failure
of the connecting pipe to the standpipe will not prevent the transmitters
from performing their safety-related function, since the transmitters will
detect the unavailability of the condensate storage tank and switch the
suction to the suppression pool.

There is no change required to the PSAR from the above responses.

6. The Ultimate Heat Sink (UHS) is neither a building nor a system , it is the
ocean , and has no mechanical components or piping associated with it.
Therefore , the UHS (W11) will be deleted from Table 3.2-1c.

The heat removal capability for safety related systems is provided by the
Reactor Building Service Water System -P26 ( RBSW ) which withdraws
from then discharges water to the ocean. This system is listed on pages
3.2-27 & 3.2-59 of Tables 3.2-1b & 3.2-1c with the descrption of the
mechanical components and piping. It should be noted that the pumps and
filters associated with the RBSW are in the BOP scope and located in the
Reactor Building Service Water Pump House of the Intake area of the
Lungmen NPS.

The PSAR will be revised as indicated in the response above.

7. The Quality Group and Seismic Category of the portion of branch piping is
Quality Group C and Seismic Category . The branch piping is a simplified
representation of the feedwater system interface with the RWCU system.
Figure 3.2-2 will be updated to show the change from Quality Group B to

Quality Group C.

The PSAR will be revised as indicated in the responses above.
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Track Number:  03-053

PSAR Sections:  6.2.3.4.1
Question Date:  May 27, 1998
PSAR Question:

Figure 6.2-38 was said to be supplied until FSAR but it is a figure that describes
general principles and would be more appropriate to be supplied during PSAR.
Please supply this figure.

Response:

Figure 6.2-38 will be included in the revised PSAR.

Questions and Answers 3-114



RESPONSES TO ROC-AEC’s PSAR QUESTIONS
Track Number: 03-054

PSAR Sections: Ch. 3
Question Date:  Apr29, 1998
PSAR Question:

It is requested that TPC commit a time table to provide the relevent design/analysis
reports of Lungmen pressure vessel, core components and Reactor Internal pumps and
FMCRD at the pressure boundary to show that 10CFR50 regulations and relevent
industrial codes are met. TPC is requested to commit a time table to provide design
and analysis reports for the following components :

1. Reactor Internal pump under RPV Penetration analysis
2. FMCRD penetration analysis

3. HPCF Sparger

4. Core plate

3, Core shroud

6. Feedwater inlet/outlet nozzle

7. Main steam nozzle

8. Head Spray and vent nozzle

9. Biological shield related

components

Response:

1. Reactor Internal pump under RPV Penetration analysis
Design Spec.(see Note 1) is a part of the RPV design spec which is already issued
and will be forwarded to the ROCAEC.
Stress Report (see Note 1) date: will be available by the time of equipment delivery
(see Note 2)

2. FMCRD penetration analysis
Design Spec. is a part of RPV design spec (same as the spec in Item 1) which is
already 1ssued and will be forwarded to the ROCAEC.
Stress Report date: will be available IN FORM OF VPF (see Note 3) by the time of
equipment delivery

. HPCF Sparger
Design Spec. date: 8/98 (see Note 2)
Stress Report date: will be available by the time of equipment delivery

[U8)

4. Core plate
Design Spec. date: 3/98
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Stress Report date: will be available in form of VPF by the time of equipment
delivery

5. Core shroud
Design Spec. date: 8/98 -
Stress Report date: will be available in form of VPF by the time of equipment
delivery

6. Feedwater inlet nozzle
Design Spec. is a part of RPV design spec which is already issued and will be
forwarded to the ROCAEC.
Stress Report date: will be available in form of VPF by the time of equipment
delivery

7. Main steam nozzle
Design Spec. is a part of RPV design spec which is already issued and will be
forwarded to the ROCAEC.
Stress Report date: will be available in form of VPF by the time of equipment
delivery

8. Head Spray and vent nozzle
Design Spec. date: 10/98
Stress Report date: will be available by the time of equipment delivery

9. Biological shielding of the RPV is provided by the Reactor Shield Wall which is
part of the containment internal structures as described in PSAR Section 3.8.3. A
summary of the structural design analysis will be provided in FSAR.

Note(1): In the design specification, the design requirements of the
equipment/component are defined. In the stress report, the results of the
stress analyses (mechanical and thermal) of the equipment/component are
provided.

Note (2): TPC will transmit the design specifications as they will be available by the
dates shown. The stress reports will be transmitted as they will be available

by the time of equipment delivery.

Note (3):  VPF (Vendor Print File - a term used for a document to be prepared by a
component vendor)

There is no change required to the PSAR from the above responses.
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS

PSAR Question:

Response:

o

03-055
App. 3L

May 4, 1998

The design of pipe whip restraint in SSAR was based on REDEP and its database
but in PSAR 3L.3.1, no mention was made of such database. Please explain if other
methods were used.

The simulated analysis model described in 3L.3.2 quoted standard models in Figures
3L-1 and 3L-2 but the figures were not found in the report. Please provide those
figures.

The onginal design of GE’s U-Bar pipe whip restraint is based on the computer
program REDEP. The results of this program were used to develop a pipe whip
restraint property table, not an electronic database, which is applicable to GE’s U-
Bar pipe whip restraint design. This program was not mentioned in the PSAR since
REDEP will not be used for the Lungmen Project.

Figures 3L-1 and 3L-2 were inadvertently left out of the PSAR. The Figures 3L-1
and 3L-2 will be added to Appendix 3L.

The PSAR will be revised as indicated in the response above.
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Track Number:  03-056

PSAR Sections:  3.6.2.1.4.3
Question Date: May 18, 1998
PSAR Question:

1. The postulated locations of breaks of Class 1 piping in this section are not consistent
with the rules in SRP 3.6.2 MEB3-1B.1¢(1). Please clanfy.

2. Duning piping re-analysis, the conditions for determining intermediate break
locations are not consistent with SRP 3.6.2 MEB3-1B.¢(1), (it), (ii1). Please clarify.

Response:

1. Section 3.6.2.1.4.3 is correct and consistent with SRP 3.6.2 and MEB 3-1, as
modified by the exception to MEB 3-1B.1.c(1)(b) stated in Section 3.6.1.1.1(3).

2. Duning piping re-analysis, the conditions for determining intermediate break locations
are consistent with SRP 3.6.2 revision 2, MEB3-1B.¢(i) and (i).

There is no change required to the PSAR from the above responses.
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Track Number:  03-057

PSAR Sections:  3.6.2.1.4.2
Question Date: May 18,1998
PSAR Question:

1. The stress value listed in (1)(d) was 0.8(1.8Sh + SA) which is different from SRP’s
0.8(1.2Sh + SA). Please clarfy the difference.

2. The stress value was the lesser of 2.25Sh and 1.8Sy in (1)(e) which is different from
1.9Sh in SRP. Please clanfy.

Response:

1. The stress value listed in (1)(d) is in accordance with SRP 3.6.2 revision 2,
MEB3-1.

2. The stress value listed in (1)(e) is in accordance with SRP 3.6.2 revision 2,
MEB3-1.

There is no change required to the PSAR from the above responses.
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Track Number:
PSAR Sections:
Question Date:

PSAR Question:

Response:

B

03-058
3.6.2.1.6.1

May 18, 1998

Does the break described in (1) mean circumferential break only or it includes axial
break as well ? Please clanify.

In the postulated pipe breaks, circumferential breaks can be neglected for pipings
under 25mm and axial breaks can be neglected for pipings under 100mm. But from
the requirements in SRP, those should still be considered when the maximum stress
range exceeds the stipulations in 3.6.2.1.4.3 and 3.6.2.1.4.4. This section is unclear
on this part and does not conform to the requirements of SRP. Please clarify.

The break described in (1) is only for circumferential breaks. In item (1), "No
breaks" will be replaced by "No circumferential breaks".

Per Section B.3.a(1) of SRP 3.6.2 revision 2, MEB3-1, circumferential breaks can
be neglected for piping having a nominal diameter less than or equal to 25 mm.

Per Section B.3.b(1) of SRP 3.6.2 revision 2, MEB3-1, longitudinal breaks can be
neglected for piping having a nominal diameter less than 100 mm.

In addition, to clarify that item (9) of Section 3.6.2.1.6.1 applies only to
longitudinal breaks, the following change should be made to the first sentence.
Replace the words "The dynamic" with "For a longitudinal break, the dynamic".

The PSAR will be revised as indicated in the responses above.
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Track Number:  03-059

PSAR Sections:  3.6.2.1.6.2
Question Date: May 18, 1998
PSAR Question:
This section starts out by describing the criteria that are used to postulate cracks in

high- or moderate-energy fluid systems but the critena listed were only for moderate-
energy pipings and no mention was given to high-energy pipings. Is it missing ? Please

clanify.
Response:

Section 3.6.2.1.6.2 provides the crteria used to postulate cracks in high- and
moderate-energy fluid systems. The following changes will be made to clarify this:

In the beginning of Section 3.6.2.1.6.2, the words "high- or moderate -energy" will be
replaced with "high- and moderate-energy".

In item (1) of Section 3.6.2.1.6.2, the words "moderate-energy” will be deleted since

this item applies to both high- and nmoderate-energy fluid system piping.

The PSAR will be revised as indicated in the response above.
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Track Number:  03-060 (renamed from 03-061)

PSAR Secctions:  3.9.5
Question Date:  [May 4, 1998
PSAR Question:

1. The descriptions of the loading and load combination of RPV internals are scattered
in different sections of PSAR and attention should be given to its consistency.
Please clanfy if the following statements are consistent :

(1) 3.9.1.4.3 rules that internals will only check the faulted load of service
level D. Is it the same as in the plant event 7, 8 and 9 in Table 3.9-2 ?
Please clarify.

(2) But according to Table 3.9-2, internals will have to undergo fatigue
analysis which is contrary to the requirement that only faulted condition
should be evaluated in 3.9.1.4.3. Please clarify.

(3) Table 3.9-7 required that the usage factor of internals should be < 1.0 in service
level A and B. Does this fatigue analysis include the 50 times (cycles) listed for
plant events 1, 2, 3, 4, 5, 6, 7 and 12 of Table 3.9-1 ? Please explain.

2. The spargers of the safety system are also part of the internals whose fluid load is
obviously different from the other internal structures. The major accidents
considered for them are SBL, IBL and LBL only. Is this enough ? Please clarify.

3. From the shroud safety evaluations experience gained at Chinshan and Kuosheng,
for the Section XI evaluation, it was found that under upset condition, load was
seriously impacted. Is it enough to consider (only) faulted condition evaluation in
3.9.1.4.3 7 Please clanfy.

Response:

(1) All Core Support Structures are evaluated for all loading conditions and ASME
service levels (A, B, C, & D) as shown in PSAR Table 3.9-2, including fatigue
analyses. The PSAR Section. 3.9.1.4.3 discusses in particular, per the format
required by Regulatory Guide 1.70, Rev. 3, the bases for the faulted condition for
core support structures and other safety related reactor mnternal components. Tt
does not mean that core support structures are evaluated for faulted condition
(ASME service level D) only.

(2)Fatigue usage evaluation is required for all core internal components that are
classified to be ASME-III, Class CS structures. Please note that the title of Table
3.9-2 includes class CS structures type of internals. These reactor internal
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components are listed in Section. 3.9.5.1.(1). Section 3.9.1.4.3 is not the ONLY
required analyses for those equipment as explained above.

(3)Please note that Table 3.9-7 is applicable only to safety class reactor internal
structures only. So, the plant events listed in Table 3.9-1 are considered in the
usage factor determmation as they are applicable to an individual internal
component. According to Footnote 2 of Table 3.9-1, Plant Events 1, 4, Sand 9
apply only to the RPV. In accordance with Footnote 7, which applies only to
Plant Event 12, OBE, fifty OBE cycles are used in the evaluation. The safety
class reactor internal structures are evaluated accordingly.

2. The fluid loads are included in the stress analyses for the three sparger systems
(feedwater, HPCF and LPCF). These loads include the flow induced wvibration
(FIV) loads and the jet reaction loads. The analysis results show no significant
stresses are induced by these loads. There are no other significant fluid loads on the
spargers. The fluid loads are identified in the defimition of "Normal (N)" load in
PSAR Table 3.9-2. The jet reaction (JR) load will be included in the definition.

L

All Lungmen CS structures are analyzed in accordance with the loading conditions
and acceptance criteria of Table 3.9-2, not just the faulted condition. Please see
responses to Question 1 above, which clarifies this.

The PSAR will be revised as indicated in the responses above.
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Track Number:  03-061

PSAR Sections:  3.8.4.2.7,3.8.4.3.6, 3.8.4.4.5, 3.8.4.5.7
Question Date: 6.30, 1998

PSAR Question::

For the safety service water pump house, Lungmen PSAR provided a
paragraph of description of the structure in Subsection 3.8.4.1.7. Other PSAR
information concerning applicable codes, standards and specifications, loads
and load combinations, design and analysis procedures, and structural
acceptance criteria for the pump house are to be provided in the FSAR as
stated in PSAR Subsections 3.8.4.2.7, 38.4.3.6, 38445 and 3.845.7,
respectively. It is likely that the design considerations of the safety service
water pump house will be similar to that of other seismic category I structure.
As a minimum, design commitments should be stated in the PSAR.

PSAR Response:
The PSAR (Sections 3.8.4.2.7, 3.8.4.3.6, 3.8.44.5, 3.84.5.7, and 3.8.4.6.5) will be
revised as follows:

3.8.4.2.7 Safety Service Water Pump House

The safety service water pump house shall be designed using the following
codes and standards:
(1) ACI 349, Code Requirements for Nuclear Safety-Related Concrete
Structures.
(2) ANSI/AISC-N690, Specification for the Design, Fabrication and
Erection of Steel Safety-Related Structures for Nuclear Facilities.
(3) AWS, Structural Welding Code, AWS D1.1.
(4) NRC Regulatory Guides:
(a) Regulatory Guide 1.28 — Quality Assurance Program
Requirements (Design and Construction)
(b) Regulatory Guide 1.29 — Seismic Design Classification
() Regulatory Guide 1.61 — Damping Values for Seismic
Design of Nuclear Power Plants
(d) Regulatory Guide 1.94 - Quality Assurance Requirements
for Installation Inspection and Testing of Structural
Concrete and Structural Steel During the Construction
Phase of Nuclear Power Plants
(e) Regulatory Guide 1.142 — Safety-Related Concrete
Structures for Nuclear Power Plants (Other than Reactor
Vessels and Containment)
(5) ANSIASCE 7 — Minimum Design Loads for Buildings and Other
Structures
(6)  Steel Structures Painting Council Standards
(@) SSPC-PA-1 Shop, Field Maintenance Painting
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(b) SSPC-PA-2  Measurement of Paint Film Thickness with
Magnetic Gages
(c) SSPC-SP-1 Solvent Cleaning
(d) SSPC-SP-5 White Metal Blast Cleaning
(e) SSPC-SP-6 Commercial Blast Cleaning
(f) SSPC-SP-10  Near-White Blast Cleaning
(7)  Applicable ASTM Specifications for Materials and Standards

3.8.4.3.6 Safety Service Water Pump House

Refer to the loads, notations and combinations established in Subsection
3.8.43.1.1~3.8.4.3.1.3, except that accident pressure Pa, and pipe break
loads YT, Y], Ym do not exist.

Stress free design temperature is 22°C for portion above sea water level.

Stress free design temperature is 18°C for portion under sea water level.

Air temperature inside building are as follows:
Summer operation 40C

Winter operation - 10T

3.8.4.4.5 Safety Service Water Pump House

The Safety Service Water Pump House will be designed in accordance
with ACI 349 for concrete structures and ANSI/AISC-N690
specification for steel structures.

The Safety Service Water Pump House will be analyzed using the computer
programs: ABAQUS, SAP90 and etc.

The analysis and design results will be supplied with the FSAR, these will
include safety factors against sliding, overturning, and flotation.

3.8.4.5.7 Safety Service Water Pump House

Structural acceptance criteria are defined in the ANSI/AISC-N690 for
steel structures and ACI 349 Codes for concrete structures. In no
case does the allowable stress exceed 0.9Fy, where Fy is the minimum
specified yield stress for steel. The clearances between adjacent
buildings are sufficient to prevent impact during a seismic event.

The typhoon load analysis methodology for this building is the same as that
for the Reactor Building. The results of the analysis will be supplied with the
FSAR.
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Track Number:  03-062

PSAR Section:

3.84

PSAR Question:

A subsection which provides information on the matenals used in the construction of
the reactor building, control building, auxiliary fuel building, and radwaste building
needs to be provided in the PSAR. The subsection should include information such as
major materials of construction (e.g. reinforced concrete, structural steel and anchors)
quality control, special construction techniques, and quality assurance.

PSAR Response:

The concrete matenials for construction of RCCV are indicated in Subsection 3.8.1.6
and the steel components of RCCV in Subsection 3.8.2.6. For Containment Internal
Structures the construction materials are specified in Subsection 3.8.3.6.

Similarly, a new Subsection 3.8.4.6 will be added to the PSAR as follows:

3.8.4.6 Materials, Quality Control, and Special Construction Techniques

3.8.4.6.1 Reactor Building

The concrete materials used in Reactor Building shall be in accordance with ACI 349 and
structural steel shall be as defined in ANSI/AISC-IN690.

The specified compressive strength of concrete at 91 days shall be at least 34.5 MPa,
except for basemat, which shall be at least 27.6 MPa.

Reinforcing steel shall meet ASTM A615, Grade 60.

ASTM AS572 / A36 structural steel shall be used for construction.

Concrete anchors shall be welded Nelson studs.

Structural bolts, studs, and nuts with diameter > 19 mm shall be ASTM A325.

Structural bolts, studs, and nuts with diameter < 19 mm shail be ASTM A307.

3.8.4.6.2 Control Building

The materials, quality control, and construction techniques used for the control building
are the same as those used for the reactor building in Subsection 3.8.4.6.1.

3.8.4.6.3 Auxiliary Fuel Building
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The materials, quality control, and construction techniques for auxiliary fuel building are
the same as those used for reactor building in Subsection 3.8.4.6.1.

3.8.4.0.4 Radwaste Building

The concrete material used in Radwaste Building shall be in accordance with ACI 318-
95 and structural steel shall be as defined in AISC 9" edition.

The specified compressive strength of concrete at 28 days shall be at least 27.6 Mpa.
Reinforcing steel shall meet ASTM A615, Grade 40& Grade 60.

ASTM A36 structural steel shall be used for construction.

Concrete anchors shall be welded Nelson studs.

Structural bolts used in structural steel connections shall be ASTM A325 high-strength
carbon steel bolts for bearing type connection, except where ASTM A490 bolts are
specifically noted. Minimum size shall be % inches (19mm)

Anchor bolts shall be ASTM A307.

Welded connection material conforms to the requirements of AWS D1.0 for E70XX
electrodes.

3.8.4.6.5 Safety Service Water Pump House

The concrete materials used in Safety Service Water Pump House shall be in accordance
with ACI 349 and structural steel shall be defined in ANSI/AISC-N690.

The specified compressive strength (fc”) of concrete at 28 days shall be at least 27.6 Mpa.
Reinforcing steel shall meet ASTM A615, Grade 60.

ASTM A572/A36 structural steel shail be used for construction.

Concrete anchors shall be Arc Welding Stud.

High strength bolts shall be ASTM A325.

Anchor bolts shall be ASTM A307.

The PSAR will be revised as indicated in the responses above.
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Track Number: 03-063

PSAR Section: 3.84
PSAR Question:

The turbine building is a seismic Category [TA structure. Per definition in Table 3.2-1d,
seismic Category ILA are SSC whose collapse could result in loss of required function
of seismic Category I structures, components, or systems required for safe shutdown.
This the turbine building must be capable of withstanding the Lungmen Safe Shutdown
Earthquake (SSE) so as not to impair safety function of a portion of the main steam
line, the condenser, or the adjacent seismic Category I structures. There are currently
no discussion in Section 3.8.4 concerning design commitments for the turbine building.
Subsections on codes and standards, loads and load combinations, structural
acceptance criteria, design and analysis procedures of the turbine building should be
provided.

Response:

The basic criteria for the Turbine Building, as it relates to safety related structures, is
that it not collapse as a result of the safe shutdown Earthquake (SSE). This basic
criteria 1s provided in Note of Table 3.2-1d for seismic category IIA structures. ie.,
“These structures are designed according to ROC Building Code. “Medium Seismicity
Zone” and analytically checked to determine that they will not collapse when subject to
an SSE and extreme loads.".

Therefore, there is no change required to the PSAR from the above responses.
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Track Number:  1-04-001

PSAR Sections: 4.3.2.1 Shutdown Reactivity

Question Date:  October 15, 1997

PSAR Question:
Reference 4.3-3 gives the uncertainty of cold core calculations, but it was presented in
1977. GEI2 1s a new advanced fuel not covered in the reference. Please describe the
uncertainty of cold core calculations for GE12 and provide enough data to support it.

PSAR Response:

Two reloads of GE12 are currently operating. The following is a summary of the cold
critical eigenvalues obtained with these reloads.

Plant (BWR Type) Cycle Projected Actual Cold
Cold  critical | critical keg
Ker

Fitzpatrick (BWR/4 D lattice) 13 .9997 1.0028

Perry (GBWR/6 C lattice) 7 .9970 9959

The actual cold critical values obtained are in good agreement with the projected cold
critical values. The projected values are based on current methods experience gained
with 8x8 and 9x9 fuel for each plant. Therefore the GE12 cold cnticality evaluations
should have the same uncertainty as the previous experience. This total experience
indicates a standard deviation in the cold critical eigenvalue of 0.33%. See also the GE
response to question Track Number I-04-003.

There is no change required to the PSAR from the above response.
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Track Number:  [-04-002

PSAR Sections: 4.3.2.1 Shutdown Reactivity
Question Date: October 15, 1997

PSAR Question:

In this subsection, it is described that the core must be capable of being made subcritical,
with margin, in the most reactive condition throughout the operating cycle with the
highest worth control rod “or’” any control rod pair with same Hydraulic Control Unit
(HCU), fully withdrawn and all other rods fully inserted. It seems to be possible that
only one control rod with the highest worth fully withdrawn was taken in some
calculations. Under what conditions you took the highest worth control rod? If there
are no calculations with the highest worth control rod, please erase this piece.

PSAR Response:

The ABWR design has 205 control rods with 103 HCUs. Each two control rods share
one HCU except for the central rod which has its own HCU. 1t is possible that the
central rod can be the highest worth control rod for certain core design. Therefore, the
words, “the highest worth control rod or highest worth control rod pair,” should be
used. See also the GE response to question Track Number 04-005.

There is no change required to the PSAR from the above response.
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Track Number:

PSAR Sections:

Question Date:

1-04-003
4.3.2.1 Shutdown Reactivity

October 15, 1997

PSAR Question:

The long cycle with the maximum 18 months is required in the Lungmen Units, but the
uncertainty of cold core calculations given in Reference 4.3-3 did not cover it. Please
describe the uncertainty of cold core calculations for long cycles and provide enough
data to support it.

PSAR Response:

The following data base represents cold critical predictions accumulated over the past
seven years and represents cycle length ranging from 12 months to 24 months. Bundle
average enrichments range from 3.2% to 4.2%, which bound the enrichments projected
for the Lungmen core for 18 month cycles. This data base consists of 306 cold critical
tests conducted at 38 plants. The average calculated critical eigenvalue for this
database is 1.0005. The standard dewiation for the data 1s 0.33% (.0033) and
represents the uncertainty in the cold critical reactivity for the Lungmen core design.
See also the GE response to question Track Number I-04-001.

Cold Critical Kigenvalues

Frequency
H
!

o= : im 104

keff

There are no changes required to the PSAR based on the response above.
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Track Number;  04-004
PSAR Sections: 4.1 Reactor - Summary Description (4.1.4.1 Reactor Internal Components)
Question Date: December 2, 1997
PSAR Question:
In GE SSAR, there are nine computer codes used for reactor internal component

analyses. However, there are just three of them being used for Lungmen PSAR. What
are the rest of the six codes for?

PSAR Response:
The SSAR used the following computer codes for reactor internals component
analyses;
1. NASTRO04V
2. SAP4GO7
3. HEATER
4. USAGEO!
5. ANSYS
6. CLAPS
7. ASIST
8. SEISMO3
9. SASSI

The PSAR in tum used only the following computer codes for reactor internals

analyses;

1. SAP4GO7
2. ANSYS

3. SEISMO3

It was thought that the other six codes would not be required for the Lungmen NPS
design. However, as discussed below, four of the codes will not be retained in the
PSAR but two will be:

a) The computer codes USAGEO1, CLAPS and ASIST were used for the ABWR
reactor internal component analyses. A comparison of these codes to ANSYS has
shown that the analytical capabilities of these codes can all be covered by ANSYS
which has better post-processing features. Therefore, these codes are replaced by
ANSYS for the Lungmen reactor internal component analyses.

b) SASSI is applied to perform dynamic soil-structure interaction analysis whose
results (output from the code) are used as input to the reactor internal component
analysis code such as ANSYS or SAP4G07. Presently the SASSI code is
described under the Soil Structure Interaction in Section 3C.5 and a duplicate
description is not needed in Section 4.1.4.1.
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©)

Since Heater was used for the initial hydraulic design input for the ABWR
feedwater sparger, a new Section 4.1.4.1.4 HEATER, will be added to reinstate the
HEATER code as follows:

4.1.4.1 Reactor Internal Components

Computer codes used for the analysis of the internal components are as follows:

(1)SAP4GO7
(2)ANSYS

(3)SEISMO3
(4)HEATER

4.14.1.4 HEATER

d)

HEATER is a computer program used in the hydraulic design of feedwater
spargers and their associated delivery header and piping. The program utilizes test
data obtained by GE using full-scale mockups of feedwater spargers combined with
a series of models which represent the complex mixing processes obtained in the
upper plenum, downcomer, and lower plenum. Mass and energy balances
throughout the Nuclear Steam Supply System (NSSS) are modeled in detail. The
program is used (1) in the hydraulic design of the feedwater spargers for each BWR
plant, (2) in the evaluation of design modifications, and (3) the evaluation of
unusual operational conditions.

Upon reconsideration, GE thinks that NASTRO04V may continue to be used for the
Lungmen FMCRD analysis. Therefore, the description of NASTR04V will be
included more suitably in Section 3D.2, FMCRD, under Subsection 3D.2.2, as
follows:

3D.2.2 Structural Analysis Programs

Qucstions and Answers

Structural analysis programs, such as NASTRO4V (described in this section) and
ANSYS (described in Subsection 4.1.4.1.2), are used in the analysis of the
FMCRD.

NASTRO4V 1s a GE in-house version of the MSC/NASTRAN program (Digital
VAX Version 64) which is developed and maintained by the MacNeal Schwendler
Corporation in Los Angeles. As a general purpose computer program for finite
element analysis, its capabilities include (1) static response to concentrated and
distributed loads, to thermal expansion and to enforced deformation; (2) dynamic
response to transient loads, to steady-state sinusoidal loads and to random
excitation; (3) determination of real and complex eigen values for use in vibration
analysis, dynamic stability analysis, and elastic stability analysis; (4) nonlinear static
and dynamic analysis including material and geometric non-linearities; and (5)
steady-state and transient heat conduction.
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The PSAR will be revised as indicated in the response above.
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Track Number:  04-005
PSAR Sections: 4.3 Nuclear Design (4.3.2.4.1 Shutdown Reactivity)
Question Date: December 2, 1997

PSAR Question:
In the calculation of the shutdown reactivity in Section 4.3.2.4.1, the terms “strongest
control rod” and “strongest control rod pair” are used in Table 4.3-2 and the equation,
respectively. The terms are also mixed in this section. Please make some clarifications.

PSAR Response:

The design basis for selection of control rod pairs with the same HCU, is that the
control rods are neutronically decoupled. This results in a negligible change in core
reactivity with one or both control rods fully withdrawn, assuming all other control rods
are fully mserted. Therefore, the analysis performed for the PSAR only assumed a
single, high worth control rod was fully withdrawn. Withdrawal of the paired control
rod would not impact the calculational results.

The PSAR Section 4.3.2.4.1 will be modified as follows:

The following will be added after the first sentence of the first paragraph:

“The design basis for selection of control rod pairs with the same HCU, is that the
control rods are neutronically decoupled. Therefore, the difference in core reactivity
with one or both control rods fully withdrawn, assuming all other control rods are fully
inserted is negligible.”

Further Clarification to ROC-AEC’s comments:

The design basis for shutdown margin (SDM) calculation is to consider the worst single
failure, which is a failure of one hydraulic control unit (HCU). The ABWR design has
205 control rods with 103 HCUs. Each two control rods share one HCU except for
the central rod which has its ovwwn HCU. Therefore, a failure in one HCU causes a rod
pair or a rod (the central rod) to fail. In order to cover the worst case, the SDM
calculation should consider the highest worth control rod (the central rod) or highest
worith control rod pair (with same HCU) fully withdrawn and all other control rods
fully inserted.

Based on this, the PSAR will be revised as follows:

4.3.1.1 Reactivity Basis
The nuclear design shall meet the following basis: The core shall be capable of being
made subcritical at any time or at any core condition with the highest worth control rod
or highest worth control rod pair (with same HCU) fully withdrawn and all other
control rods fully inserted.

4.3.2.4.1 Shutdown Reactivity
Revise second sentence to read, “The shutdown margin is determined by using the
BWR simulator code (see Section 4.3.3) to calculate the core multiplication at selected
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exposure points with the strongest rod or strongest rod pair with same HCU fully

withdrawn”
Revise the equation to read,
kar = kar (Strongest rod or Strongest rod pair with same HCU withdrawn) poc + R

Revise last paragraph to read, “The calculated values of ke with the strongest rod pair
withdrawn at BOC and of R are reported in Table 4.3-2. For completeness, the
uncontrolled k. and fully controlled kyr values are also reported in Table 4.3-2. (It
should be noted that the central rod, which has its own HCU does not have the
strongest worth in this design.)
Table 4.3-2 Calculated Core Effective Multiplication and Control System

Worth - No Voids, 20°C

Change “Strongest Control Rod Out” to “Strongest Control Rod Pair Out”

Change asterisk * footnote to read “For the core Joading in Figure 4.3-1, Critical key =
0.995”

Figure 4.3-1 Equilibrium Core Loading Map

Change core coordinates shown from J to I'and I'to J.

16.1.1 Definition for Shutdown Margin (SDM)

Revise Item (c) as follows:

(c) All control rods are fully inserted except for the control rod or control rod pair of
highest reactivity worth, which is assumed to be fully withdrawn.

The PSAR will be revised as indicated in the response above.
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Track Number:
PSAR Sections:
Question Date:

PSAR Question:

PSAR Response:

1.

04-006
4.4 Thermal-Hydraulic Design

December 3, 1997

In Figures 4.4-1 and 4.4-2, there are maximum allowable core flow lines that
constitute the boundares of the flow map, yet it lacks text description in Section
4.43.3.1. Please add it on.

Please clarify the maximum rod line of flow map for the Lungmen plant. Is it the
same for ABWR SSAR of 102%?

The text in Section 4.4.3.3.1 will be modified to reflect that the core flow limits are
111% (10 of 10 RIPS) and 103% (9 of 10 RIPs).

The second sentence of Section 4.4.3.3.1 will be modified as follows: “The power-
flow map for 10 RIP operation (maximum 111% flow) is shown in Figure 4.4-1, and
for 9 RIP operation (maximum 103% flow) in Figure 4.4-2.”

2. The maximum rod line for Lungmen NPS with GE12 core design was defined as

that rod line passing through the 100% Power at 85% core flow condition. Thus
the ABWR SSAR 102% rod line is not the same as the maximum rod line for the
Lungmen PSAR.

The PSAR will be revised as indicated in the response above.
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Track Number:

PSAR Sections:

Question Date:

04-007

4.3.2.2.2 Power Distribution Accuracy

December 2, 1997

PSAR Question:

The methodology used in the power distribution accuracy in Lungmen design is
different from that used in the SSAR. Please explain. (Notice the different reference
sources: Reference 4.3-2 “Xenon Consideration in Design of Boiing Water Reactor,
APED-5640, 1968, as opposed to the SSAR “Steady-State Nuclear Methods,
NEDO-30130-All, April 1985.”)

PSAR Response:

In the SSAR, Reference 4.3-2, Steady-State Nuclear Methods, NEDO-30130-A, April
1985 was referenced in Section 4.3.2.6.1, Xenon Transients. This reference was not
proper for xenon transients and therefore, a correct reference was included in the PSAR
as Reference 4.3-2, Xenon Consideration in Design of Boiling Water Reactor, APED-
5640, 1968. However, since the PSAR Section 4.3.2.2.2 still depends upon the original
reference, the following changes will be made:

Section 4.3.2.6.1 Xenon Transients

Last sentence, change to read, “Analysis and experiments conducted in this area are
reported in References 4.3-4 and 4.3-7.

Section 4.3.5 References

Change Reference 4.3-2 back to the original SSAR reference and add new Reference
4.3-7 as follows: '

4.3-2 Steady-State Nuclear Methods, NEDO-30130-A, May 1985.
4.3-7 R L. Crowther, Xenon Consideration in Design of Boiling Water
Reactor, APED-5640, 1968.

The PSAR will be revised as indicated in the response above.
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Track Number:  04-008
PSAR Sections: 4.2.2.2 Control Rods
Question Date: December 2, 1997

PSAR Question:
It is mentioned in the text that either boron carbide or hafnium will be used as control
rod material in the Lungmen plant. What are the major merits and defects of the two
materials?

PSAR Response:

The Lungmen NPS initial core will feature two control rod types, the Duralife 230 and
the Duralife 120. The Duralife 230 is a long-life design which features B4C in high purity,
tantalum-stabilized stainless steel absorber tubes, Hafhium absorber in the three outer
edge rod locations, and Hafhium absorber at the tip of the control rod. The Duralife 230
control rods will occupy the control cell positions used for power shaping. The Duralife
120 control rod is a long residence time control rod that features high purity, tantalum-
stabilized stainless steel absorber tubes and all B4C absorber. The Duralife 120 control
rod will occupy the shutdown positions in the reactor and is not intended for power
shaping operation.

B,C is the preferred absorber matenial because of its high neutron cross section relative to
hafnium, its lower weight and its relatively lower cost. Upon irradiation, however, B,C
swells according to the reaction "B + 'n — "Li + “He. Thus for absorber locations that
incorporate B4C enclosed in a tube as a poison, the tube lifetime may be limited by B,C
swelling, resulting in tube cracking. Hafnium does not swell upon irradiation. Hafnium
sheet / strip / rod is therefore substituted for B4C in those high bumup regions of power
shaping control rod designs in order to extend control rod life.

There 1s no change required to the PSAR from the above response.
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Track Number:  04-009
PSAR Sections: 4.3.2.2.3 Power Distribution Anomalies
Question Date: December 2, 1997

PSAR Question:
It is mentioned in the text that a specific margin in the peaking factor to account for
power tilt is unnecessary. Does that same conclusion hold when the APR is in the auto
mode?

PSAR Response:
The Automatic Power Regulator (APR) functions to automatically maneuver the plant
through normal criticality’s, heatup, power operation, and cooldown operations. The
APR automatically controls either generator or reactor power by changing control rod
positions and/or core flow.

No additional penalty is needed on the core thermal limits nor does the reactor operator
need to be especially cautious when operating on the APR.

The reason is the existence of the ATLM (automatic thermal limit monitor) which is
"normalized" by 3 D monicore (the three dimensional power distribution program
normally used by the operator to monitor thermal limits). This program on request or
automatically downloads thermal limit information to the dual ATLMSs which then
automatically monitor the core through power maneuvers while operating on the APR.
Should thermal limits be exceeded (by a conservative approximation algorithm), erther
ATLM will trip the plant into APR manual and halt any rod or flow movement.

Since the same thermal limits are involved that are applicable to manual operation and
the APR is restricted to operating on predefined control rod sequences stored in the
RC&IS and since the APR is constrained to operate on predefined power/flow map
trajectories, there will be no more of a power tilt operating automatically than manually.

Additionally it should be known that for automatic operation, all rod movements use
symmetric ganged rod movements that will promote having symmetric core power
distributions within the reactor core and not the possibility of significantly asymmetric
power distributions. The same is true for semi-automatic rod movements. However, in
the manual mode of rod movement, the operator (above the Low Power Setpoint) has
the capability to set asymmetric rod patterns, if so desired, but generally speaking this is
not a desired operating strategy. The ABWR core design is not prone to flux tilt
problems due to the large damping effect of the strong void reactivity influence.

There is no change required to the PSAR from the above response.
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Track Number:  04-010

PSAR Section;: 4.3.2.4.1 Shutdown Reactivity
Question Date: December 2, 1997

PSAR Question:

It 1s very confusing to have “strongest rod” and “strongest rod pair” intermingled both
in the text and the formula. Please clanify.

PSAR Response:

Please see response 04-005.
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Track Number:  04-011

PSAR Sections: 4.4.3.3.3 Regions of the Power/Flow Map
Question Date: December 2, 1997

PSAR Question:

Based on our understanding of the Chapter, the region III in the Fig. 4.4-1 should read
“operation within this region is precluded by SCRRI”. This, however, is not consistent
with the footnote in Fig. 4.4-4, please explain.

PSAR Response:

Figure 4.4-4 Stability Controls and Protection Logic provides the two following logic
functions: (1) With reactor power 230% power, core flow < 36% flow, and two or
more RIPs tripped, SCRRI is initiated to reduce reactor power by control rod insertion
to below the least damped region (Region III). (2)With reactor power 225% power,
core flow < 36% flow, and two or more RIPs tripped, a rod block signal is generated to
preclude re-entry into Region III by control rod withdrawal.

Figures 4.4-1 and 4.4-2 will be redrawn to show Region Il bounded by the natural
circulation line, maximum rod line “A”, the RIP minimum flow line “1”, and the 30%
power line. Region I will be extended up to the 30% power line. The PSAR Figures
4 4-1 and 4.4-2 will be revised accordingly.

The notes on Figure 4.4-4 will be revised as follows:

1. SCRRI is bypassed below 30% power (analytical limit), as 30% povwer
corresponds to the approximate power level on the 60% rod line at natural
circulation conditions.

2. SCRRI is bypassed above 36% core flow (analytical limit), as 36% core flow
corresponds to the approximate core flow with 8 RIPs operating at minimurm speed

above 30% power.

The PSAR will be revised as mentioned in the response above.
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Track Number:  04-012

PSAR Sections: 4.4.3.3 Power/Flow Operating Map
Question Date: December 2, 1997

PSAR Question:

The text says that the maximum rod line comprises the operating point at 100% power
and 85% flow, which is obviously not the case in Fig. 4.4-1. Please explain.

PSAR Response:

The maximum rod line as shown on Figure 4.4-1 should pass through the 100% power
and 85% flow point (start of the horizontal portion of the maximum rod line “A”). The
power to flow map was generated directly from the RODAN VAX code whose hard
copy output was converted into a figure for the PSAR. The scaling of the figure was
inadvertently shifted by the word processing personnel.

The PSAR Figure 4.4-1 will be redrawn with the correct scaling.

Questions and Answers 4-15



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

Track Number:

PSAR Sections:

Question Date:

04-013
4.4.3.7 Thermal Hydraulic Stability Performance

December 2, 1997

PSAR Question:

Regarding the stability issue, please provide the following information:

1. A comparison of channel stability performance between Lungmen NPP and
standard ABWR.

2. A comparison of core stability performance between Lungmen NPP and standard
ABWR.

PSAR Response:

Lungmen NPP will be using the GE12 fuel design while the standard ABWR when first
deployed used the P8xSR fuel design. The GE12 fuel is designed to improve fuel
economics, while maintaining stability margin as the experienced based P8x8R fuel. It
is shown in the GE12 Compliance With Amendment 22 of NEDE-24011-P-A
(GESTAR II), NEDE-32417P, December 1994, report that channel decay ratio for the
GE12 fuel is lower than that of the P8x8R fuel under identical operating conditions,
therefore, GE12 fuel provides additional margin to the onset of regional oscillations.
The core decay ratios are marginally greater for the GE12 fuel, but are well within the
uncertainty of stability methods. As demonstrated in the GE12 Compliance with
Amendment 22 report, this results in a negligible impact on the stability performance of
the plant.

There is no change required to the PSAR from the above response.
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Track Number: 04-014

PSAR Sections:

4.5, Reactor Materials

Question Date:  December 2, 1997

PSAR Question:

PSAR Response:

Are there any specification limits regarding the hardness, bending or stress/strain of
the austenitic stainless steel? Please explain.

In the CRD system structural material Section 4.5.1.1 (a), Spool Piece Assembly,
please provide information regarding the material specification of the thrust
bearing. In addition, please explain whether all CRD system components meet all
related codes and standards.

Please explain the difference between the two units (Ferrite Number and
percentage) used in explaining the delta ferrite contents (PSAR Section
4.5.2.4). Is it possible to use just one unit? Is there difference between
these two units then, the delta ferrite limit of 8%-20% specified in the
PSAR for the austenitic stainless steel does not agree with the SFN-20FN
limit specified in the GE SSAR. Please clarify.

In general, there are no code or specification limits on cold work in austenitic
stainless steel matenals. However, some of the ASTM/ASME matenal
spectfications (A/SA-240 Plate, A/SA-249 Tube) do have material hardness limits.
The GE material specifications require a maximum lumit on material hardness. The
materials are used in the solution annealed condition. The fabrication
specifications limit the amount of induced cold work by specifying maximum
hardness, muimum bend radii, and maximum induced strain during fabrication.

In addition, in response to TPC Bid Specification, Appendix A Chapter 1,
paragraph 5.3.1.1, GE requires the following for cold work control of wrought
austenitic stainless steels for service above 200°F(93°C),or which are part of the
reactor coolant pressure boundary:

*  Hardness of austenitic stainless steel raw materials will not exceed 92 HRB.

2. The proposed material of construction for the thrust bearing is SUJ 2 (Japanese

4.

Qucstions and Answers

standard JIS G4805), which is comparable to AISI L1, and is considered a tool
steel. All FMCRD components meet all related codes and standards.

It is normal U. S. Practice to use Ferrite Number (FN) to define the ferrite

content of weld filler material. The American Welding Society Standard for

Calibration of ferrite measuring instruments (AWS A4.2, 1991) specifically
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notes that Ferrite Number should not be used for castings and refers to
ASTM A-800 for determination of ferrite in castings. ASTM A-800 very
clearly defines casting ferrite content in per cent. The inappropriate use of
ferrite number for castings in the ABWR SSAR was recognized during the
Lungmen NPS OSAR preparation and was corrected accordingly in PSAR
Section 4.5.2.4. The per cent limits for casting are identified in the PSAR in

accordance with the GE’s normal practice.

There is no change required to the PSAR from the above responses.
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Track Number:  04-014, Item 3

PSAR Sections:

4.5, Reactor Materials

Question Date: December 2, 1997

PSAR Question:
3.

Response:

(%]

Questions and Answers

Please explain the difference of the materials of the peripheral fuel supports
between ASME SA479 Type 316L (non-tube shape) described in the PSAR
(4.5.2) and the ASME SA312 Grade Type-304L or 316L (tube shape) described
in the GE SSAR. Please explain why the NDE inspection method for wrought
seamless tubular products needs to be implemented in peripheral fuel supports in
spite of their non-tube shape?

Previous BWR peripheral fuel supports (PES) were machined from tubular
materials made from ASME SA312 Grade Type-304L or 316L. Therefore they
were examined per ASME Section I, NG-2500, or more specifically per NG-
2550 for tubular fittings and products.

However, the Lungmen ABWR PFS (as well as the PFS installed in the currently
operating ABWRs), are machined from the ASME SA479 Type 316L material
which is a bar material. For NDE, Lungmen PFS will receive the required
examination per ASME Code, NG-2500, or more specifically per NG-2540.
Since the ABWR PFS are not a tubular fitting per NG-2541(b), they need not be
examined per NG-2550.

The reason for the change to ASME SA-479 bar material is that the
manufacturing of the PFS was more suitable from the bar as the starting material.
The producibility of the ABWR PES was improved because the welds are
eliminated from the PFS design. As can be seen on the attached PFS product
drawing, 233C4008 (Revision 1, not issued, under review, GE PROPRIETARY),
zone c-2, the peripheral fuel support piece flow orifice is fixed (a drilled hole) and
integral to the entire PFS assembly. On the other hand, the standard BWR PFS,
starts out as a fabrication from a tubular material, next bayonet pins (3) are welded
mto the PFS, and finally a separate orifice assembly is installed into the entire PFS
and held into place by the bayonet pins. Thus for the Lungmen design, the PFS is
a one piece assembly with no fabrication welds. The table below summarizes the
differences between the bar and tubular materals:

Material ASME SA479 Type316L  ASME SA312 Type 316L
bar stock material tubular (pipe) material

Chemical C - 0030 (required* C-0.035

Composition  <0.020) Mn-2.00
(maximum)  Mn-2.00 P -0.040
P-0.045 S-0.030
S -0.030 Si-0.75
Si-1.00 Cr16.00-18.00
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Questions and Answers

Mechanical
Properties

Heat
Treatment

|
Consideration

S

Cr 16.00 - 18.00

Ni 10.00 - 14.00

Mo 2.00 -3.00
N-0.06-0.10*

Co - 0050 (required®
<0.030)

Mechanical tests -

1. Properties at room
temperature as required by
base material

2. Properties at 288°C
Min. Yield Stress 107 MPa
(ASME Appendix I Table I-
12)
3. Properties at 288°C
Min. Yield Stress 133 MPa*
Hardness test - < Rockwell
B-92 per ASTM A370

NDE - NG-2540
1038°C - 1149°C time at

temperature 15 min. / 25.4
mm and liquid quench

Environmenta Manufactured for and used

in ABWR and BWR
environments

Ni 10.00 - 15.00
Mo 2.00 - 3.00

Mechanical tests -

1. Properties at room
temperature as required by
base matenal

2. Properties at 283°C
Min. Yield Stress 107 MPa
(ASME Appendix I Table
I-1.2)

Hardness test - < Rockwell
B-92 per ASTM A370

NDE - NG-2550

1038°C - 1149°C time at
temperature 15 min. / 25.4
mm and liquid quench

Manufactured for and used
in ABWR and R BWR
environments

* Requirements per Table A (Suffixes X, G, K) of Reactor Internal Components
Material Specification, 24A5896, Rev.l, referenced on Lungmen Drawing
233C4008. The table (GE PROPRIETARY) s attached with this response. Also,
it can be seen from the table that the Lungmen requirements for the SA-312 and

SA-479 materials are same using same suffixes G and K.

Further, the discussion in PSAR subsection 4.5.2.3 needs to be revised to reflect
that the manufacturing of the CRD housing is not the same as that of the PFS,
because the PES material was changed. Also, the reference in the discussion to the
examination requirements of NG-5000 needs to be deleted, because NG-5000,
which covers NDE of welds and weld edge preparations, does not apply to

weldless ABWR PFS and CRD housing manufacturing.
Accordingly PSAR Subsection 4.5.2.3 will be revised as follows:

4.5.2.3 Non-Destructive Examination of Wrought Stainless Steel
Seamless Tubular or Bar Products
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The stainless steel CRD housings (CRDHs), which are partially core support
structures (inside the reactor vessel), serve as the reactor coolant pressure
boundary outside the reactor vessel. The CRD housing material is supplied in
accordance with ASME Section IIT Class 1 requirements. The CRDHs are
examined and hydrostatically tested to the ASME Section III Class 1 requirements
as well as Class CS requirements.

The peripheral fuel supports are supplied in accordance with ASME Section 1T,
Class CS requirements. The material is procured and examined by ultrasonic
methods according to Paragraph NG-2500.

Wrought seamless tubular products for other internals are supplied in accordance
with the applicable ASTM or ASME matenial specifications These specifications
require a hydrostatic test on each length of tubing.

The PSAR will be revised as indicated in the response above.

Questions and Answers
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Track Number:  04-014, Item 3, ROC-AEC Comment Faxed May 4, 1998 by TPC

PSAR Sections: 4.5, Reactor Materials

Question Date: December 2, 1997

PSAR Question:

Response:

3. (Original Question: Please explain the difference of the materials of the

peripheral fuel supports between ASME SA479 Type 316L (non-tube shape)
described in the PSAR (4.5.2) and the ASME SA312 Grade Type-304L or 316L
(tube shape) described in the GE SSAR. Please explain why the NDE inspection
method for wrought seamless tubular products needs to be implemented in
peripheral fuel supports in spite of their non-tube shape?)

ROC-AEC Comment (second time) on GE’s Response Revised to address the
ROC-AEC Comment First Time:

“Paragraph 4.5.2.3, Section 2 (line 8) to be revised to read as “The material
is procured and examined by ultrasonic methods according to Paragraph
NG-2500, or more specifically per NG-2540” is recommended.”

ROCAEC is still concerned about the examination code adopted by PES.
NG-2550 item (d) requires that Wrought seamless tubular products and
fittings (including flanges and fittings machined from forgings and bars)
greater than /g inch thickness shall be ultrasonically or radiographically
examined in accordance with NG-2552 or NG-2553. AEC consider that
the previously attached drawing for PFS machined from bar with something
like flange looking seems falling into this regime of jurisdiction and PFS shall
be examined per NG-2550 rather than NG-2540. Please clanfy.”

3. (Original Response/Revision: Original response with GE’s Letter GEAE-1998-

0200, April 7, 1998 was followed by an e-mail revision of Aprl 21, 1998 to
address the first ROC-AEC comment. The e-mailed revised response and this
response are included in the file attached with Letter GEAE-1998-0291, dated
May 13, 1998.)

Response to Above ROC-AEC Comment:

An ASME I Code consultant outside of GE has reviewed the ROC-AEC
comment and concluded as follows:

The ROC-AEC Review comment is in regards to examination of the SA-479 bar
material used in the reactor vessel core support structure. The ROC-AEC
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Questions and Answers

comment raises the question of whether the peripheral fuel supports, which are
made from SA-479 bar, should be examined in accordance with the provisions of
NG-2540 (Examination and Repairr of Forgings and Bars) or NG-2550
(Examination and Repair of Seamless and Welded Tubular products and Fittings).
All of the requirements for examination in various subarticles of NG-2500 are
based on the product form identified in the material specification. For example
NG 2540 applies to the material procured per SA-479, "Specification for Stainless
Steel Bars and Shapes for Use in Boilers and Other Pressure Vessels," because the
scope statement in SA-479 clearly identifies the material as bar. Therefore,
Section I requires the examination requirements of NG-2540, straight beam
ultrasonic examination, to be met. If NG-2550 were used instead of NG-2540,
the Code requirements would not be met, and the final assembled core support
structure could not be Code Stamped. It should be noted that Paragraph NG-
2551(d), which is referenced by NG-2541(a) and quoted by the ROC-AEC, does
not apply, because PFS as a core support structure material is not functionally a
pressure retaining “seamless tubular product or fitting,” nor is it made to the
requirements of a tubular material. Further, Paragraph NG-2541(b) does not
apply, because PFS is not a “forged flange or fitting.”

Some of the reasons behind the Code requirements are as follows:

1. ASME Code requirements for examination of products are based on the
material manufacturing process used to make the product form for the material
specification. Thus, the examination requirements for plate, forgings, and castings
are all different. For example, even though a casting may be bored to resemble
seamless tube, it is required to be examined as a casting, regardless of the fact that
it will be bored at a later time. Also, the Material Manufacturer is required to
examine the item in accordance with the material specification and Section III for
the product form.

2. If the product were made to the requirements of a tube materal
specification, 1t would be examined to the Section Il examination requirements
for tubular products. This is because the examination requirements in the Code are
based on the forging process for forgings, the extrusion process for tube, and the
casting process for castings. Often the strength of the materal is based on the
manufacturing process and thickness for the product as manufactured. Plate
material often has higher strength than castings made to the same chemistry and
heat treatment.

3. Because the core support structure is a structural product, the use of bar
material instead of tubular product material seems appropriate. In this application,

the product is not performing any significant pressure retaining function.

In accordance with the comment, the previously proposed revision to PSAR
Subsection 4.5.2.3 will be modified as follows:
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4.5.2.3 Non-Destructive Examination of Wrought Stainless Steel
Seamless Tubular or Bar Products

The stainless steel CRD housings (CRDHSs), which are partially core support
structures (inside the reactor vessel), serve as the reactor coolant pressure
boundary outside the reactor vessel. The CRD housing material is supplied in
accordance with ASME Section ITl Class 1 requirements. The CRDHs are
examined and hydrostatically tested to the ASME Section 1l Class 1 requirements
as well as Class CS requirements.

The peripheral fuel supports are supplied in accordance with ASME Section 1L,
Class CS requirements. The material is procured and examined by ultrasonic
methods according to Paragraph NG-2540.

Wrought seamless tubular products for other internals are supplied in accordance
with the applicable ASTM or ASME material specifications These specifications
require a hydrostatic test on each length of tubing.

The PSAR will be revised as indicated in the response above.

Questions and Answers
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Track Number:  04-015
PSAR Sections: 4.6.1.2 Description (CRD)
Question Date: December 2, 1997

PSAR Question:
Regarding the CRD separation detection, please provide the possible failure mode of
the two separation reed switches. Are those two reed switches designed to fail safe?

PSAR Response:

There are two independent Class 1E reed switches used for detection of the FMCRD
separation condition. The design of the FMCRD is such that when both the weight of
the control blade and the hollow piston are resting on the ball nut of the FIMCRD, this
weight compresses an associated spring sufficiently (within the separation detecting
equipment within the FMCRD spool piece) to cause a magnet to become positioned
sufficiently close to the reed switches so that the reed switches will be closed and will
easily conduct current (i.e. are in low impedance state). If either the weight of the
control blade or the combined weight of the control blade and hollow piston are lifted
off the ball nut, the spring will expand causing the magnet to move away from the reed
switches far enough so that the lowered magnetic field strength at the reed switch will
result in the reed switches opening (i.e. high impedance state) and thus cannot conduct
current easily. The associated Essential Multiplexing System equipment senses the
oper/close status of the reed switches based upon detection of the high or low
impedance conditions. Separation switch A status condition of each FMCRD is sensed
by Division I Essential Multiplexing System Equipment. Separation switch B status
signals is sensed by Division II Essential Multiplexing System Equipment. Associated
separation status are also transmitted to the non-safety Rod Control and Information
System (RCIS) for activation of the associated individual FMCRD rod  block
function, if the separation condition is detected based upon either of the associated reed
switch status signals associated with a FMCRD.

After initial installation (and after performing subsequent FMCRD maintenance that
required a mechanical uncoupling and recoupling of the control blade to the FMCRD),
a coupling check operation is performed. During this operation, the control blade
backseats and a mechanical separation condition of the FMCRD will occur, so the
operability of both separation switches can be confirmed during this uncoupling check
operation.

Thereafter, during reactor operation, the fail safe features of this design depend on the
failure scenarios as described below:

e For the case of no mechanical separation condition existing, if a reed switch fails
open, this will be treated the same as FMCRD separation and the associated alarm
and rod block functions will be activated. For this particular failure case, the design
is indeed fail safe. However, for the same mechanical case of no separation
condition existing and one of the reed switch failing in the closed status, there is no
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problem if indeed there is no mechanical separation. If the independent reed switch
is still operable, FMCRD separation detection capability still exists. [f both reed
switches fail closed, FMCRD separation detection capability would be lost.
However, in the very unlikely situation that both Class 1E switches fail and if the
hollow piston should separate from the ball nut, the redundant spring-loaded latch
fingers in the hollow piston will prevent the control rod drop from occuring,

If the EMCRD indeed becomes mechanically separated, if either one of the
FMCRD switches is operable, the alarm and rod block functions will work. If
either one of the reed switches fails open, this is also treated as a mechanical
separation condition (and thus fail safe). Only if both reed switches have failed
closed, the FMCRD separation would not be detected. But, as mentioned above,y
this is a very unlikely scenario involving multiple independent failures,

There is no change required to the PSAR from the above response.

Questions and Answers
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Track Number: 04-016

PSAR Sections:

Ch4

Question Date: November 27, 1997

PSAR Question:

It is claimed that Lungmen plant has better capability for load-following:

1.

PSAR Response:

Questions and Answers

How is its load-following characteristics better than existing BWR’s ?

What is the range for load-following as daily load cycles, load regulation,
frequency control and contingency operation?

Do the power-flow map and Chapter 15’s analysis cover the above load-following
operation?

The Lungmen ABWR will have the GE12 core design with 10x10 lattice array,
part-length rods, and an additional eighth spacer. The principal benefit of this fuel
design 1s lower kw/ft rating during operation, with accompanying improved
reliability and improved neutron efficiency. The GE12 fuel has improved MCPR
and stability performance along with the PCI resistant barrier fuel design, with no
PCIOMR operations limitation. The GE12 ABWR Lungmen design will
accommodate control blade exchanges throughout the cycle. This design results in
the availability of additional control cells at all times during the cycle that can be
used for additional flexibility during load following. Besides an improved fuel
design the Lungmen design provides use of both automatic control rod movement
and automatic core flow changes to provide for improved operability to support
automatic load following. Conventional BWRs only provide manual movement
of control rods. Lungmen can accommodate an operating flow window of 85%
to 111% of rated core flow at 100% power.

The ABWR 1s designed for a 24-hour daily load following cycle with the
following profile: starting at 100% power, power ramps down to 50% power in
two hours, power remains at 50% for two to ten hours, and then ramps up to
100% in two hours. Power remains at 100% for the remainder of the 24 - hour
cycle. In the daly load following mode, the ABWR uses both automatic
rectreulation flow control and automatic control rod movement to control the
reactor power level. The Lungmen design will also accommodate load following
down to 25% of'rated power which might be used for load reductions below 50%
on weekends, for example.
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[0S

The ABWR is also designed to automatically respond to grid frequency changes.
In this operating mode, the ABWR will satisfy peak-to-peak power change
demands of 10% of rated power at 5% of rated power per minute when core tlow
control can be used. Frequency control will be provided while performing ramp
power changes required for load following within the power operating range of
approximately 65 to 100% of rated power along the rated rod line (the exact range
depends upon the control rod line being used for frequency control operation.)
The ABWR is designed for frequency control operation throughout the operating
life of the plant. Thirty-five peak-to-peak swings per day of operation are
permissible.

The Automatic Power Regulator (APR) provides for automatic control of either
generator or reactor power by changing control rod positions and/or core flow
during normal operation. The power range mode of APR operation allows the
operator to specify a desired main generator or reactor thermal power and have
APR automatically adjust core flow and/or rod position (following a predefined
power/flow map trajectory) to accomplish the desired results. The APR follows
predefined power/flow map trajectories (and associated restrictions) with the
Lungmen control systems, assure that the reactor is not operated beyond its
licensed linuts for normal power / flow map operation. The APR design will
support the contractual requirements for load following and maneuvering in
response 2 above. The APR does not attempt to control the plant during upsets,
major plant transients (e.g., turbine trip or load rejection) or scrams, so the PSAR
Chapter 15 analyses are consistent with load following operation.

There is no change required to the PSAR from the above responses.

Questions and Answers
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Track Number:

PSAR Sections:

Question Date:

PSAR Question:

04-017
Ch4

January 5, 1998

Steam separator limit line is one of the boundaries of the power/flow operating map.
This line is different from that of the standard BWR/6 design. Please explain why there
exists such a difference. Please also provide detailed information on how that line is
established.

PSAR Response:

The BWR/6 power/flow map has a lower boundary that is set to prevent cavitation
damage to the jet pumps and the recirculation flow control valves. This boundary is not
required for the ABWR plant because the ABWR plant is designed to use reactor
internal pumps and does not utilize the BWR/6-type jet pump and recirculation flow
control valve components.

However, the ABWR power/flow map has a less restrictive boundary based on the
steam separator-dryer performance limitation. This boundary is identified as the
“Steam Separator Limit” line. The Limit Line on the operating map is based on an
evaluation of the data from separator-dryer performance tests of three steam separators
and a proportionate dryer section. The Limit Line represents the restriction that was
determined to be appropriate to assure that moisture content in the steam leaving the
vessel does not exceed 0.1 weight %. The placement of the line takes the following
items into account: (1) operation up to the high water level alarm (Level 7), (2)
performance data from separator-dryer testing, and (3) performance data from BWR
plant operation (observed to be better than corresponding data from separator-dryer
prototype testing). The Limit Line has been confirmed as appropriate based on actual
startup test data of measured moisture content of steam leaving the reactor vessel for
the lead ABWR plant.

There is no change required to the PSAR from the above responses.

ROCAEC Review Comments :

Please clarify if there are any cavitation requirements on RIP.

Further Clarification

The RIP Net Positive Suction Head (NPSH) requirements are shown in PSAR Table
5.4-1. In actuality if a RIP cavitation limit line was placed on PSAR Figures 4.4-1 and
4.4-2, it would correspond to the graphs’ horizontal x- axis (percent core flow) at 0
percent power. The RIP pump suction is physically low in the reactor pressure vessel
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annulus at approximately 2068 mm above reactor bottom head invert. A RIP
runback signal is generated at low steam flow and high core flow conditions where

excessive water carry over can occur in the steam separators.

Additional Comments Faxed July 27, 1998:

o

What is the real meaning of setting RIP cavitation limit line on the horizontal x-axis
(0% core power) of Figures 4.4-1 and 4.4-2 of Lungmen PSAR? Does it mean
no requirement on RIP cavitation imit? So, please state more clearly whether
there is RIP cavitation limit requirement are not.

Would you please show where it is described on Lungmen PSAR for RIP runback
on low steam flow and high core flow conditions?

Additional Further Clarifications per TPC Fax:

2

As can be seen from Table 5.4-1, there is more than adequate NPSH available for
the RIPs operating rated conditions. Therefore there is no cavitation interlock
restriction on the Power to Flow Map. Were it necessary to show some
representation of the Reactor Power Level vs Recirculation Flow, it would
correspond to a line superimposed on the X~ Axis. Minimum Power Limitation
requirements at high flow conditions are imposed based on Steam Separator
performance (moisture carryover) requirements.

To prevent excessive carrvover under low steam flow and high core flow
conditions, a steam separator flow limiter restriction is required (shown as Region
I on Figures 4.4-1 and 44-2. The Recirculation Flow Control (RFC) System
logic compares reactor power (from the Neutron Monitoring System) to validated
core flow to determine if operation on the P/F map is acceptable or if operation on
the P/F map is unacceptable. If operation on the P/F map is unacceptable a RIP
runback signal is generated. The closest description of this event is found in PSAR
Subsection 7.7.1.3(6) Abnormal Conditions.

There is no change required to the PSAR from the above clarifications.

Questions and Answers
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Track Number:  04-018

PSAR Section.s: 4.2 (4.2.1.1 Fuel Assembly)
Question Date: October 17, 1997

PSAR Question:

In Section 4.2.1.1 Fuel Assembly, please add the GE design basis for fuel assembly
under a safe shutdown earthquake (SSE).

PSAR Response:
PSAR Section 4.2.1.1 will be revised by adding Item (4) as follows:
(4)  Incore loading predicted to occur from a safe shutdown earthquake combined
with loss of coolant accident loadings during faulted conditions as discussed in

Subsection 3.9.1.4.8.

(Note: Please see response to Question 04-020, Part 2, where Subsection
3.9.1.4.8 is also mentioned regarding update of PSAR Reference 3.9-2.)

The PSAR will be revised as indicated in the response above.
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Track Number:  04-019

PSAR Sections:

4.2 Fuel Design (4.2.2.2 Control Rods)

Question Date:  October 17, 1997

PSAR Question:

PSAR Response:

Questions and Answers

Please provide the description (including material used) and drawing to show
where the bottom casting and the four U-shape absorber tubes are located in the
control rod assembly, and how will they be connected to other parts to form a rigid
structure.

Why there are no holes in the lower transition piece? Please mark clearly which
portion in Figure 4.2-2 in active poison length.

‘What were the past performance experiences with this control rod? Are there any
design or fabrication related failures?

Figure 4.2-2 is accurate in showing the structure of the Control Rod assembly.
Paragraph 4.22.2 has some errors in the description which resulted in the
question. In the second paragraph, “...U-shaped absorber tubes.”, must be
corrected to read, “...U-shaped sheaths which surround the absorber tubes.” The
remainder of the section explains that these pieces are welded together.

Second paragraph of Section 4.2.2.2 Control Rods to be revised as follows;
4.2.2.2 Control Rods

The control rod assembly consists of a sheathed cruciform array of either stainless
steel tubes filled with boron carbide powder or solid hafnium rods. The main
structure of a control rod consist of a stainless steel top handle, a stainless steel
bottom casting and stainless steel control rod drive coupling, a stainless steel
vertical center post, and four stainless steel U-shaped sheaths which surround the
absorber tubes. The top handle, bottom casting and center post are welded into a
single skeletal structure. The U-shaped sheaths are welded to the center post,
handle and castings to form a rigid housing to contain the absorber tubes. Rollers
at the top handle and bottom casting of the control rod, guide the control rod as it
is inserted and withdrawn from the core.

The lower transition piece of Figure 4.2-2 is the same as the “bottom casting” of
paragraph 4.2.2.2. This piece (as shown) is a solid stainless steel casting, which
contains no absorber material, and requires no cooling holes. The PSAR Figure
4.2-2 will be revised to show the active absorber length (approximately from the
bottom row to top row of flow holes).
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3.

Other than the current operating ABWRs, past performance experience of the
control rods comes from BWR-2/6 control rods, which have identical absorber
sections (Duralife D-120 and Duralife D-230). GE provided 180 of 205 Control
Rods for each of two operating ABWRs (per scope of contract with remaining
Control Rods supplied by another vendor), with no reported problems/failures
within the GE scope of supply. One operating ABWR just completed its first
refueling outage (1/98).

There have been over 800 D-230 and over 100 D-120 control rods delivered to
BWRs between 1987 and 1998. There have been no identified failures of current
design D-120 or D-230 control blades in BWR-2/6. The original design D-120
control blades experienced creviced corrosion cracking in the outermost two
absorber tubes. This was documented in GE Service Information Letter (SIL)
No. 579. The blade sheath hole pattern was subsequently modified to minimize
any creviced condition and the rated nuclear life was reduced to prevent future
absorber tube failure. The D-120 control rod lifetime is limited to 34% depletion
to mitigate the potential for Crevice Corrosion Cracking of the outermost absorber
tubes as described in GE SIL No. 579. The D-230 control rods, which have
hafnium in place of the outermost tubes as well as in the blade tip, have a much
increased lifetime over the D-120.

The PSAR will be revised as indicated in the response above.

Questions and Answers
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Track Number:  04-020

PSAR Sections:

4.2 Fuel System Design

Question Date: October 17, 1997

PSAR Question:

PSAR Response:

Since Taiwan is very prone to seismic events, please make a comparison of the
seismic resistance of GE12 with that of GE9B which is currently being used in
Chinshan NPP.

What will be the seismic design procedures to obtain the fuel response? Please
provide the topical report if a generic approach has been taken by GE.

The GE9 and GE12 fuel bundles have both been evaluated to assure that they can
withstand horizontal seismic loads which might occur from horizontal seismic
acceleration of 3.9g. The Chinshan GE9 fuel uses 100 mil uniform thickness fuel
channels and the Lungmen GE12 fuel design uses channels with 120 mil thickness
corners and 75 mil thickness side walls. The GE12 fuel channel has been evaluated
to assure capability to withstand a seismic acceleration of 3.1g and the GE9
uniform thickness 100 mil channel has been evaluated to assure a capability of

3.6g.

The detailed description of the seismic analysis methods are described generically
in report NEDE 21175-3-P-A, “BWR Fuel Assembly Evaluation of Combined
Safe Shutdown Earthquake (SSE) and Loss-of Coolant -Accident (LOCA)
Loadings (Amendment 3),” October 1984. A copy of this report is attached for
your reference. The earlier version of this report, PSAR Reference 3.9-2, is
referenced in PSAR Sections 3.9.1.4.8 and 3.9.22.4. Reference 3.9-2 will be
updated to reflect Amendment 3.

(Note: Please see response to Question 04-018, where Subsection 3.9.1.4.8 is also

mentioned regarding update of PSAR Reference 3.9-2.)

The PSAR will be revised as indicated in the response above.

Questions and Answers
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Track Number:  04-021

PSAR Sections:

4.5.1 Control Rod Drive Structural Materials

Question Date: November 20, 1997

PSAR Question:

PSAR Response:

(93]

In subsection 4.5.1.1(2), the tensile strength of 17-4 PH (265.3 MPa) is too low
when compared with the yield property. Please explain and provide with a correct
value.

Section 4.5.1.1(1)(a), by what will the drive shaft be hardsurfaced?

Section 4.5.1.1(1)(b), is the specification of separation magnet as Alnico 5? Please

clanfy.

The tensile strength of ASTM A-564, TP 630 (17-4) will be revised to 965.3
MPa, along with the elongation of 14% minimum. The last sentence of subsection
4.5.1.1(2), Special Materials will be revised to read as follows:

The ball screw shaft and ballnut are ASTM A-564, TP 630 (17-4PH))(or its
equivalent) in condition H-1100 (aged 4 hours at 593°C), with a tensile strength of
965.3 MPa minimum, yield of 792.9 MPa minimum, and elongation of 14%
minimum.

The Drive Shaft will be hardened with Stellite No.6 and Meteco No.15E. Section
4.5.1.1(1)(a) Drive Shaft to be revised to read as follows:

Drive Shaft ASTM 479 Grade XM-19
(Hardsurfaced with Stellite No. 6
and Meteco No. 15E)

The separation magnet will be Alnico 5 or equivalent. Alnico 5 or equivalent is
specified for the PSAR for flexibility in the final design. Section 4.5.1.1(1)(b)

Separation Magnet to be revised to read as follows:

Separation Magnet Alnico S or equivalent

The PSAR will be revised as indicated in the response above.
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Track Number:  04-022

PSAR Sections:

4.5.2 Reactor Internal Materials

Question Date: November 20, 1997

PSAR Question:

LI

PSAR Response:

Questions and Answers

To avoid stress corrosion cracking (scc), low carbon grade stainless steel
(c<0.03%) is applied in ABWR SSAR for the materials contact with coolant at
temperature greater than 93°C. In section 4.5.2.1, the carbon content of most
materials is 0.03% (which is not <0.03%), some are even greater than 0.03%,
such as SA182 grade F316L (0.035%), SA-479 type XM-19 (0.06%), and SA-
312 grade TPXM-19 (0.06%), what is the designer position on this
discrepancy?

Tn section 4.5.2.4, the delta ferrite content of weld metal is 20 FN maximum in
ABWR. SSAR as opposed to 13 FN maximum in PSAR. Please explain the
difference. What version of RG 1.31 was applied?

In section 4.5.2.5, the annealing temperature of 2,000°C was applied for Alloy X-
750 in ABWR SSAR, it is 1093°C in stead in Lungmen PSAR. Please explain,

Tn section 4.5.2.5, alloy stellite 6 is used as the hardsurfacing material for HPCF
Couplings. It is realized that stellite 6 is Cobalt-base alloy, a major radiation
contributor. Would it be a concemn in this application? What will be the drawback
of using a Cobalt-free material as the alternative.

In accordance with PSAR Subsection 4.5.1.2, GE requires that for Lungmen
reactor internal materials that the carbon content for the 300 series stainless steel to
be <0.02% for temperature > 93° C. Therefore, the Lungmen design specification
imposes a more stringent requirement of the carbon content for these steels than
those specified by the ASME code. The carbon content for Grade XM-19
stainless steel is similarly required to be < 0.04%. So there is no discrepancy
because the vendors of these components will follow the material requirements of
the design specification.

The RG 131, Rev. 3, which is applied to the Lungmen reactor internals,
recommends the ferrite content in the weld metal to have a maximum ferrite
number (FN) of 20. However, both the Lungmen bid specification and the
material specification require the ferrite content be 13 FN maximum. This is a
more stringent control of the ferrite content to offset excessive dilution of the weld
metal.
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3. The annealing temperature of 2000°C shown in the ABWR SSAR is a
typographical error. It should be 2000°F, which is same as 1093°C as stated in the
Lungmen PSAR.

4. Alloy Stellite 6 will not be used as the hardsurfacing material for the HPCF
couplings. In section 4.5.2.5, the paragraph on Stellite 6, “Stellite 6 (or its
equivalent) hard surfacing ... or plasma arc surfacing process” will be changed to
“Hard chromium plating surface is applied to the austenitic stainless stee] HPCF
couplings.”

GE requires that the chromium plating thickness in the range of 50-100 um (10°
m). The vendor which supplies the HPCF coupling will provide the plating
procedure subject to GE’s review and approval. The chromium plating on the
HPCF shall be cobalt free. The purpose of the HPCF hard surfacing is mainly to
protect the sliding portion of the HPCF coupling due to the differential thermal
movements of the shroud and the reactor vessel. The frequency of occurrence for
this HPCF coupling movement is much less than that for the guide roller
movement inside the control rod drive. Therefore hard chromium plating is more
suitably to be applied to the HPCF couplings and not to the control rod drive hard
surfaces. Note that, the pins and rollers, described in PSAR Section 5.2.3.2.2, are
part of the control rod that can be in the active fuel region. These parts are cobalt
free. The guide rollers described in Section 4.5.1.1 are part of the control rod
dnve system which is located below the core plate in the lower plenum region.
These parts are made of Stellite which contains cobalt and these are different pins
and rollers from those in the control rod. Therefore, there is no inconsistency in
the PSAR.

The PSAR will be revised as indicated in the response above.

ROCAEC Review Comments :
1. Response accepted. Further clarification is needed on how to require vendor into
compliance in the future on the carbon content since the current material specification
is different from the design value.
2. Response accepted.
3. Agree with the modification.
4. Agree with the modification.

Further Clarification:

It 1s a three step process. GE writes an equipment purchase specification that includes
material requirements or references a GE material specification. This would include
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the requirement for 0.020% maximum carbon. The selected vendor then writes a
material specification for the material to be used in manufacturing specific
components. That vendor’s material specification is in tumn reviewed by GE for
compliance with GE’s purchase specification prior to material ordering. Finally, once
the material is procured, a GE source inspector reviews that material certification for
compliance with GE’s original purchase specification.
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Track Number:

PSAR Sections:

Question Date:

PSAR Question:

PSAR Response:

04-023
4.5.2

February 3, 1998

Alloy 600M was manufactured based on the stabilization parameter N (determined
mainly by the contents of Nb and C). It has also been demonstrated that certain
minimum value of N needs to be provided for satisfactory resistance to IGSCC or
IGA. However, such condition is not fully addressed in the ASME code case N-580.
Please clarify what percentage of Nb and C contents will be used for the Shroud
Support material of Lungmen design.

ASME Code Case N-580 only specifies the requirements on the chemical
composition, heat treatment and the mechanical properties of the Alloy 600 with

Niobum (Columbium) addition. It does not however address the alloy requirement
related to IGSCC.

Both the ASME Code Case N-580 and the Lungmen material specification require the
Niobium content of the alloy shall be 1% minimum and 3% maximum, and the Carbon
content shall not exceed 0.05%. To improve the IGSCC property of Alloy 600, GE
uses the stabilization parameter (N) greater than or equal to 12 as a guide controlling
Niobium to Carbon (Nb/C) weight ratio.

There is no change required to the PSAR from the above response.
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Track Number:  04-024
PSAR Sections: Ch. 4
Question Date: May 4, 1998
PSAR Question:
Please provide the following documents:

Reference 4.3-5: NEDO-32505P, Nov. 1995

Reference 4.3-6: NEDE-32417P, Dec. 1994

Reference 4.4-3: NEDO-10299A, Oct. 1976

Reference 4.4-7: NEDO-31960 & Sup. 1

NEDOQO-32047, Feb. 1992

NEDO-32164, Dec. 1992

Final Report for the LaSalle FMCRD In-Plant Test Program, Oct. 1989

Nk =

Response:

The requested references are transmitted as the attachment to this response except for
item 5 and 6. These two items, which are not referenced in the PSAR, are ATWS-
related documents which were prepared for the BWR Owners' Group and have very
restricted distribution and therefore wont be able to provide for ROC-AEC’s
reference.

There is no change required to the PSAR from the above response.
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Track Number: 04-025

PSAR Sections:

Ch. 4 Sec. 5

Question Date: May 2, 1998

PSAR Question:
1.
2.
Response:
1.

In the SRP 4.5.1.I1. 1 material specifications, the maximum yield strength of cold-
worked austenitic stainless steel for CRD materials was specified to be 90,000 psi
but m PSAR 4.5.1.1 it was not specified. Please clarify.

SRP section 4.5.2.11.2 on acceptance criteria of welding control specified that the
core support structure and core interals should conform to ASME Sec. Il NG-
4000 but in PSAR 4.5.2.2 it was indicated that some core internals do not have to
conform to ASME requirements. Please explain.

Cold worked materials are not used in the FMCRDs, and therefore, the yield
strength limit for cold worked material was not stated in PSAR Section 4.5.
When cold working (bending, straightening, etc.) becomes necessary to the base
material in an annealed state, the hardness after cold work is controlled to limit
material properties, including yield strength, in the range required for annealed
material.

2. “Other intemals,” in PSAR Section 4.5.2.2 means intemnals other than the core

support structures (CSS). These are either safety-related or non-safety related
internals with no core support function.  For example, such safety-related (non-
CSS) intemals are core ditferential pressure lines and incore guide tubes, and the
non-safety related internals are shroud head and steam dryer. There are no formal
ASME HI Code requirements for these other intemnals to conform to. The
materials and controls on welding for these internals conform to the applicable
industry codes and standards, such as ASTM, ASME or AWS. The materials are
discussed in PSAR Section 4.5.2.1.

The PSAR Section 4.5.2.2, Controls on Welding, will be revised as follows:

The questioned sentence in PSAR Section 4.5.2.2, "Other internals are not required to
meet ASME Code requirements” will be changed as follows:

Questions and Answers
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"The internals, other than the core support structures, will meet the requirements of
the industry standards, e.g., ASME or AWS, as applicable.”

ROCAEC Review Comments:

The response states that “"Other internals," in PSAR Section 4.5.2.2 means
internals, such as the shroud head and steam dryer, that are not core support
structures (and are not safety related) and therefore, do not have to conform to
ASME requirements." What are the other components besides shroud head and
steam dryer that are "other internals" ? Provide a list of such internal components
which do not have to conform to ASME requirements ?

SRP 4.52.10.2 specified that BOTH core support structures AND reactor
internals have to conform to ASME requirements. But PSAR stated that "Other
internals are not required to meet ASME Code Requirements" which is in direct
conflict with SRP. Please explain why those non-safety related internals (shroud
head and steam dryer) do not have to conform to ASME requirements ?

Further Clarifications:

In view of the ROCAEC comments, the original response to Part 2 of the question
s revised above. The meaning of “Other internals” in context of PSAR Section
4.5.2.2 discussion is now clarified in the above revised response. These internals
are identified in Section 3.9.5.1(2), and some of these, that are non-safety related
internals, are identified by an asterisk (*) on Pages 3.9-57 and 3.9-58. (The non
safety-related components are shown as follows: Shroud head * and steam
separators assembly™, Steam dryers assembly*, Internal pump differential pressure
lines*, and Surveillance sample holders*).

As the revised response indicates, there are no formal ASME III Code
requirements for the internals listed in Section 3.9.5.1(2) to conform to. The
materials and controls on welding for these internals conform to the applicable
industry codes and standards, such as ASTM, ASME or AWS. This is reflected in
the revised response above and the revised PSAR wording included with it.

The following shows that SRP 4.5.2 is concemed only with the safety-related
internals. As discussed above, the core support structures conform to the ASME
Code requirements; and the other safety-related and non-safety related internals
conform to the applicable industry codes and standards, because there are no
ASME Code requirements for them.

SRP 4.5 .2 starts as follows:

Questions and Answers
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Section 50.55a, "Codes and Standards,” and General Design Criterion 1,
Appendix A, 10 CFR Part 50 requires that structures, systems, and
components important io safety shall be designed, fabricated, and tested
10 quality standards commensurate with the importance of the safety
Junction to be performed. The purpose of this SRP section is (o review and
evaluate the adequacy of the materials selected for the constriction of the
reactor internal and core support structures, and to assure that these

regulations are met for those structures.

The ABWR FSER (NUREG-1503), Section 4.52 starts as follows
interpreting above requirement:

The acceplance criteria used as the bases for the staff's evaluation of
reactor infernal materials are SRP Section 4.5.2. The reactor internals
are acceptable if the design, fabrication, and testing of the materials used
in the reactor internal and core support structures meet the code and
Standards commensurate with the safety function to be performed so that
the relevant requirements of GDC 1 and Section 50.55a of Title 10 of the
Code of Federal Regulations, Part 50 are met.

The SRP 4.52.I0.2 requirements are to be interpreted in context of the
regulations Section 50.55a, "Codes and Standards," and General Design
Crterion 1, Appendix A, 10 CFR Part 50, which limits the scope of SRP 4.5.2
to internals that are important to safety. As the FSER mentions the codes and
standards to be applied should be commensurate with the safety function to be
performed.

At the end of FSER Section 4.5.2, the following is noted: "' The staff finds that
the information in the SSAR related to reactor internal materials meets the

criteria of SRP Section 4.5.2 and is, therefore, acceptable."

The PSAR will be revised as indicated in the revised response above.
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Track Number:
PSAR Sections:
Question Date:

PSAR Question:

Response:

04-026
4.6

November 21, 1997

Please explain that the Hydraulic Control Units would have enough flow and pressure
to push the control blades to the scram position under any anticipated operating
(AQO) and accident conditions.

By design, each CRD Hydraulic Control Unit (HCU), provides sufficient stored
energy to scram two CRDs at reactor pressure. Additionally, each Fine Motion
Control Rod Drive (FMCRD) mechanism initiates electric motor-driven insertion of its
control rod simultaneously with the initiation of hydraulic scram. This provides a
diverse means to assure control rod insertion. The HCU accumulator is precharged
with nitrogen with the charging water header providing final accumulator charging
pressure. Safety-related pressure instrumentation is provided in the charging water
header and if charging water header pressure degrades, control rod block and /or
reactor scram occurs to assure the safe shutdown of the reactor. Also, the charging
water header contains a check valve and a downstream accumulator. This single
accumulator is sized to maintain the charging water header pressure downstream of
the charging header check valve above the scram setpoint until the standby CRD pump
starts automatically.

The HCUs would have enough flow and pressure to push the control blades to the
scram position under any anticipated operating (AOO) and accident conditions, based
on the above design information.

There is no change required to the PSAR from the above response.
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Track Number:

PSAR Sections:

Question Date:

PSAR Question:
1.
2.
Response:
1.
2.

04-027
4.4.3

April 29,1998

In comparison the Fig. 4.1-1 and Fig. 4.4-2, there is a slight difference about the
steam separator limit line. It passes 100% flow at 40% power in Fig. 4.4-2, and at
43% power in Fig. 4.4-1. Please explain the difference.

Regarding to Fig. 4.4-1, why the present pump speed evaluated only up to 99%
instead of 100%? Please explain.

The equation for the steam separator limit line on the power-flow operating map is as
follows:

CF = 1.08P + 56 at Normal Water Level

where: CF = Core Flow, Percent of Rated (56.2 x 10° kg/hr)
P = Reactor Power, Percent of Rated (3926 Mwt)

At 100% Core Flow, the corresponding Power should be 40.7%. The two
power to flow map PSAR Figures 4.4-1 and 4.4-2 will be redrawn for
consistency.

The maximum permitted core flow during normal operation is 111% of rated. This
core flow is attained with ten RIPs at 99% pump speed. In Figure 4.4-2, the
maximum core flow attainable with nine RIPs at 100% pump speed is approximately
103% of rated.

The PSAR will be revised as indicated in the response above.
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Track Number:  04-028
PSAR Sections: 4.2
Question Date: June 8, 1998
PSAR Question:

There is only brief introduction of GE12 fuel design in PSAR. Hence, please
provide the following documents:

(1) Licensing criteria for fuel design, NEDO-31908, Jan. 1991.

(2) GE standard application for reactor fuel, (GESTAR-II), NEDE-24011-P-A-10,
Feb. 1991.

Response:
(1) Reference provided as attached..

(2) Reference provided as attached, and note that NEDE-24011-P-A-10, Feb. 1991
incorporates changes for the following :

» Incorporation of GE8x8NB-1, -2, and -3 fuel designs,

o Fuel licensing acceptance criteria, and
o Fuel channel bow effect on thermal margins.
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Track Number:  04-029

PSAR Sections:

Ch. 4

Question Date: June 10, 1998

PSAR Question:

It can be seen from Fig. 4.4-1 that the core flow is only 20% under natural circulation
condition. However, it is around 30% for Kuosheng NPP which is a BWR-6 design.
It seems that the flow resistance of RIP design under tripped condition is higher than
that of traditional jet pump design.

1.

SV

Response:

(8]

Questions and Answers

Can we make the statement that the stability issue will be more severe in
Lungmen than BWR-6 plant when the core flow is below minimum flow?
Has the phenomenon aforementioned considered in Lungmen stability
analysis? If the answer is yes, please describe it in detail.

Has the reduced natural circulation flow rate been considered in RHR
shutdown cooling operation analysis?

Generally speaking, stability margin would be decreased for lower core flow at the

same power level. However, the ABWR design has incorporated many design

features to assure that stability performance in the normal operating region

(Regions I and IV) is more stable than the current operating BWRs. These design

features include:

(1) Smaller inlet orifices, which increase the inlet single-phase pressure drop.

(2)  Wider control rod pitch, which increases flow area and reduces the void

reactivity coefficient.

(3) More steam separators, which reduce the two-phase pressure drop.

(4) Automatic logic, which prevents plant operation in the region with the least
stability margin (Region III).

The Lungmen stability analysis considers the limiting power/flow boundary state
points on the Region III boundary (see also response to ROC-AEC Track
Number 04-011). Region I is defined as the high-power/low-flow area in which
the system is most susceptible to reactor instability. Operation within Region Il is
precluded by Selected Control Rod Run-In (SCRRI) logic. The instability
protection provided by Region III has been analyzed . The upper right comer of
Region I (68.7%P/39.2%F) is found to be the most limiting state point (core
decay ratio 0.54) . The lower left bottom comer of Region 111 (30%P/20%F) is
less imiting than the upper right comer point.

The natural circulation flow rate has been considered in the RHR shutdown
cooling analysis during emergency shutdown cooling operation.
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Track Number:
PSAR Sections:
Question Date:

PSAR Question:

Response:

04-030
4.2

October, 17, 1997

Please provide the performance experiences (including max. rod power and rod

burnup) and failure experiences (including failure statistics and root causes) of the
GE12 fuel.

General Electric Company Proprietary Information

The GE12 fuel design is an evolutionary 10x10 progression from the GE11/GEI3 9x9 fuel
designs. The GE12 design incorporates many of the fuel rod and assembly design features
proven by extensive irradiation experience with the GE11/GE13 fuel designs, such as the use
of part-length fuel rods, two large central water rods, thick/thin Thenmal Size Anneal channels,
etc. For this reason, the GE11 experience base is directly applicable to the GE12 design and is
summarized in Table 1. The primary failure causes for the GE11/GE13 fuel designs have
been debns fretting (3 of 10), and undetected manufacturing defects (3 of 10), with the
remaining leakers not vet inspected to determine the leaker root cause (4 of 10).

It is important to note that the manufacturing-related failures discussed above, occurred in the
very early GE11 fabrication period (1992). Shortly thereafter, the root cause of these defects
was determined and corrective actions taken to avoid recurrence. Additionally, as a part of the
GE Zero Leaker program, a Fabrication Best Practices Task Force was also formed shortly
thereafter, and identified a number of Best Practices aimed at improved fabrication quality in
areas important to fuel reliability. The effectiveness of the identified fabrication best practices
is evident in the more recent reliability performance. Since the introduction of Process 6 fuel
rod cladding in 1994, over 975,000 fuel rods have been fabricated and placed in operation.
With this population, only 7 fuel rod failures have occurred. Six of these 7 leakers have been
confirmed by poolside examination to have failed as a result of debrs fretting. The one
remaining leaker has not yet received poolside examination to determine the root cause of
failure. Therefore, the fabrication quality contribution to the GE Zero Leaker program is
clearly approaching it’s goal.

The equivalent experience information for the GEI12 design is presented in Table 2. It is
important to note, as shown in Table 2, that several poolside inspections have been performed
on a number of the GE12 Lead Use Assernblies, extending to lead bundle average exposures of
~43 GWd/MTU, with demonstrated excellent fuel performance. No GE12 fuel failures have
occurred.
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General Electric Company Proprietary Information
Table 1. GE11/GE13 Experience

Number  Number  Number Number Bundle Avg.

of of of of Exposure*

Plant Bundles  Fucl Rods Leakers Inspections GWd/MTU Comment
LUAs
USA-A 4 296 0 1 13.0 In 2nd cycle
USA-B 4 296 0 3 37.6 In 4th cycle
EUR-A 3 592 0 4 35.0 In 5th cvcle
USA-C 4 296 0 2 35.0 Discharged
EUR-B 8 592 0 5 41.0 In 6th cycle
USA-A 4 296 0 3 26.8 Discharged
USA-D 4 296 0 1 38.0 Discharged
USA-E 4 296 0 2 31.0 Discharged
USA-F 4 296 0 1 343 Discharged
USA-G 4 296 0 0 42.0 " Discharged
EUR-C 4 296 0 3 42.0 Discharged
EUR-D 2 148 0 3 48.0 In 7th cycle
USA-H 2 148 0 3 43.6 Discharged
Reloads
62 reloads 11,312 837,088 10 6 52.0

Table 2. GE12 Experience
No. of No. of No.of No.of Bund. Avg.

Plant Bundles Fuel Rods BOL Leakers Inspect GWd/MTU Comment
LUAs
EUR-A 2 184 11/97 0 0 0.0 In Ist cyele
EUR-E 4 368 7/97 0 0 0.0 In Ist cycle
EUR-F 8 736 4/97 0 1 11.0 In 2nd cycle
Chinshan 1 4 368 10/96 0 1 12.0 In 2nd cycle
EUR-A 4 368 7/96 0 0 10.6 In 2nd cycle
USA-I 4 368 5196 0 0 13.0 In 2nd cycle
USA-B 4 368 4/96 0 I 14.0 In 2nd cycle
USA-J 4 368 10/95 0 1 12.0 In 2nd cvcle
EUR-C 4 368 11/94 0 2 27.0 In 3rd cycle
EUR-A 4 368 8/94 0 3 23.0 In 4th cycle
EUR-G 8 736 8/93 0 5 43.0 4 in 6th cycle
Reloads
EUR-F 60 5520 5/98 0 0 0.0 In 1st cycle

EUR-G 120 11040 3/98 0 0 0.0 In 1st cvele

EUR-A 128 11776 11/97 0 0 0.0 In Ist cvele
USA-K 252 23184 11/97 0 0 0.0 In 1st cyele
USA-C 192 17664 12/96 0 0 0.0 In Ist cycle
EUR-A 146 13432 7/96 0 0 10.6 In 2nd cycle

* At the end of the last completed cycle

USA- USA Plant EUR - European Plant
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Track Number:  04-031

PSAR Sections:

Ch. 4

Question Date: June 19, 1998

PSAR Question:

Response:

Questions and Answers

Compare Fig.4A-5a and 4A-6a, with core flow not changed, cycle
exposure increases from 1.1 GWD/MTU to 2.2 GWD/MTU, control rod
location did not change. Is this reasonable ? Please explain.

Compare figure 4A-8b and 4A-9a, the flow rate did not change, cycle exposure
increases from 4.4GWD/MTU to 5.5MWD/MTU, Control rod was not
withdrawn, instead was inserted from notch 12 to notch 10. Is this reasonable ?
Please explain.

Control rods are adjusted to maintain a critical condition in the reactor. During the
cycle, the core reactivity is affected by the burnup of gadolinia and the depletion of
U-235. During some periods of operatiorn, these two factors compensate and the
total core reactivity does not change. Under these conditions, the control rod
pattern can be maintained constant. The simulation provided in Figure 4A-5a and
4A-6a indicates that the core reactivity is relatively constant during the period from
1.1 to 22 GWd/MTU and therefore minimal adjustments are required to the
control rod pattern. The control rod patterns shown in the figures are based on
simulations of typical conditions in which the core exposure is incremented and all
core conditions are assumed to remain constant during that increment (e.g., core
flow, power, control rod patterns). During actual operation, minor adjustments to
core flow or control rod positions may be necessary to maintain the desired power
level.

See also the response in item 1 above. During some periods of operation, it is
possible that the reactivity increase associated with the gadolinia burnup is greater
than the reactivity decrease associated with the depletion of U-235 and therefore
the total core reactivity increases. This will require additional control rod insertion
to maintain the reactor in a critical configuration.
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Track Number:
PSAR Sections:
Question Date:

PSAR Question:

Response:

Questions and Answers

04-032

Ch. 44

June, 22, 1998

The following questions in regard to the operation of SCRRI system:

1.

LI

(O3]

It can be seen from Figure 4.4-1 that the right boundary of the region III is around
40% flow. However, according to the response to question 04-011, SCRRI is
bypassed if the flow is greater than 36%. Shouldn't SCRRI unbypassed region
cover the region ITI? Please explain? - '

Is there any normal operation condition, such as start-up or partial power
operation, that core flow reduction due to inadvertent single RIP trip may cause
the reactor operating within region III domain?

‘When the reactor is under 9 RIP operation, will it still require two or more RIPs
tripped in order to put SCRRI in auto mode?

Reconsider question (2) for the condition of 9 RIP operation.

The 36% core flow represents the analytical limit for the functions of control rod
withdrawal block and selected control rod run-in to be bypassed. PSAR Figures
4.4-1 and 4.4-2 will be revised, so that Region Il will be bounded by the 36%
constant flow line, maximum rod line, 30% constant power line, and the natural
circulation line. SCRRI will not be bypassed in Region III.

An inadvertent single RIP trip during startup will not cause flow to drop lower
than the 36% core flow analytical limit, therefore, will not cause the reactor to
operate in Region 1.

The SCCRI algorithm uses the inputs of 2 or more out of 10 RIPs (ASDs) not
normal (trpped or manually shutdown) with core flow less than or equal to 36%
(Analytical Limit) and reactor power greater than or equal to 30% (Analytical
Limit). Therefore if 9 RIPs are in operation and another RIP trips for a total of 2
RIPs not operating normally, with the above power and core flow conditions, the
SCRRI auto initiates.

The core flow for 8 RIP operation with minimum speed is approximately 36%.
Therefore, if one pump is inadvertently tripped when the reactor is under 9 RIP
operation, it will not enter into Region I11.

PSAR Figures 4.4.1 and 4.4.2 will be revised as described above in response number

L.
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Track Number:  04-033

PSAR Sections:

4.4

Question Date: June 20, 1998

PSAR Question:

The following questions in regards to 9 RIP's operation. -

L.

Response:

Questions and Answers

Is the core flow distrbution under 9 RIP's operation the same as 10 RIP's
operation? If there is any related ABWR flow test information, please provide.

Is there any reverse flow through the tripped RIP when the reactor is under 9
RIP's operation? Ifthere is, what is the amount of reverse flow?

Is the CPR calculation applicable with 10 RIP's operation the same as ORIP's
operation?

The pressure differential across the lower plenum is insignificant compared to the
pressure differential between the lower and upper plenum. Therefore, the flow
distribution under 9 RIPs operation will be the same as 10 RIPs operation. GE has
conducted measurements for jet pump BWRs under single loop operation which
demonstrates this. ‘

No core flow distribution anomaly has been observed at the two currently
operating ABWR with 9 of 10 RIPs in operation.

There is reverse flow through the tripped RIP. With the reactor at 100% core
flow, but with 9 RIPs in service, the maximum reverse flow through the tripped
RIP is expected to be -5,370 m’/hr. See also response to ROC-AEC question
15-026 item #2 on similar subject.

Yes, the CPR calculation for 10 RIP operation is applicable to 9 RIP operation.
The core flow is derived from differential pressure across the core plate or pump

deck differential pressure common to all RIPs, so the core flow determination is
unaffected by the idle RIP.
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Track Number: 05-001

PSAR Sections: Ch 5.2

Question Date: December 2, 1997
PSAR Question:

In Table 5.2-4, the specification listed for Ni-Cr-Fe alloy steel of RPV
Nozzles and Stub Tubes 1s Code Case N-580. It was found that said
code has not been approved by NRC yet. Please explain if it is feasible.

PSAR Response:

This Code Case was issued by the ASME Code on May 26, 1997. The
NRC regularly updates approval of Materials Code Cases by revising
Regulatory Guide 1.85. The last revision (Rev. 30) of Regulatory
Guide 1.85 was published in October 1994, per Regulatory Guide List
dated October 31, 1997. Therefore, eventually, the Code Case N-580
1s expected to be included by the NRC in the Regulatory Guide 1.85 as
all the NRC's represenatives on Section 11, Section III, Section IX and
the Main Committee of the ASME voted positively for the Code Case.
As 10CFR 50.55a specifies, code cases not included in Regulatory Guide
1.85 need to be approved by the Director of Nuclear Reactor Regulation.
TPC 15 seeking this approval with the ROC AEC Director of Nuclear
Reactor Regulation. The ROC AEC has received information on this
code case and has jurisdiction over Lungmen. The NRC has had no

applications for use of this code case by plants located in the U.S.
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Track Number:

PSAR Sections:

Question Date:

05-002

5.4.13

January 14, 1998

PSAR Question:

Please explain when SRV solenoid valves will be operated by
pressurized air?  Please explain why each SRV, designated for
automatic depressurization purpose, is equipped with another individual

air accumulator instead of nitrogen accumulator?

PSAR Response:

Please note that the safety relief valves referred to  in PSAR Section
5.4.13 are for the Control Rod Drive System (C12), Standby Liquid
Control System (C41), Residual Heat Removal System (E11), High
Pressure Core Flooder System (E22), Reactor Core Injection System
(E51), and Reactor Water Cleanup /System (G31).  As for the
safety/relief valves (SRVs) for the Reactor Coolant Pressure Boundary
(RCPB) overpressure protection, please refer to PSAR Section 5.2.2.

The following reply is prepared for the safety relief valves (SRVs) in the
Main Steam System (B21) for RCPB overpressure protection function:

Whenever the primary containment is inerted with nitrogen, the
instrument air piping serving equipment inside the primary containment
will be supplied with nitrogen from the nitrogen supply (N2)system

rather than instruemt air.

During normal plant operation, the SRV solenoid valves will be
operated by pressurized nitrogen and not by pressurized air. Nitrogen is
used to operate the SRVs because the SRVs are located inside the
containment building, and the containment atmosphere is inert with
nitrogen gas. Also, the exhaust gas from the SRV pneumatic system is
not allowed to affect the containment inert atmosphere. The nitrogen

supply to the SRV is sufficiently reliable to preclude loss of availability
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from the supply source. And, for the Automatic Depressurization
System (ADS) designated SRVs, the nitrogen supply is backed up by its
stored supply when the low nitrogen pressure event occurs. The only
time when the SRV solenoid valves will be operated by pressurized air
1s when the containment building is open, and when nitrogen gas is not

available during plant shutdown.

It is not correct that each SRV designated for automatic
depressurization purpose is equipped with another individual air
accumulator instead of nitrogen accumulator. For each dual function,
direct-acting type SRV, the valve function as a spring-loaded safety
valve for overpressure safety operation. And a nitrogen accumulator is
supplied for the overpressure pressure relief function. As for the ADS
SRVs, they function as spring-loaded safety valves for overpressure
safety operation. In addition, one nitrogen accumulator is supplied for
the pressure relief function, and another individual nitrogen accumulator
is supplied for the ADS function. Hence, the ADS SRVs are not

supplied with any  air accumulator.

Further Clarification to ROCAEC’s Comments:

The only time the SRV solenoid valves will be operated by pressurized
air is when the primary containment vessel (PCV) is open or when

nitrogen gas is not available during plant shutdown.

The last sentence on PSAR page 5.2-7 will be revised to read “Each
SRV selected for automatic depressurization is equipped with an
additional pneumatic accumulator...” instead of “with another individual

air accumulator...”.
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Track Number:  05-003

PSAR Sections: 5.4.7.3.3
Question Date:  January 14, 1998
PSAR Question:

In section 5.4.7.3.3, it is described that RHR in the shutdown cooling

mode should be capable of bringing the reactor to cold shutdown

conditions (100 °C)...... The temperature requirement is not consistent
with that defined in Table 16.1.1-1 (i.e,, €93 °C). Explain the
difference.

PSAR Response:

The value 100 °C in section 5.4.7.3.3 in the PSAR was inadvertently
incorrect.  The correct definition of cold shutdown was established as
<93 °C as stated in the Technical Specifications of the PSAR, Table
16.1.1-1.  The definition of Cold Shutdown as < 93 °C is consistent
with previous plants such as BWR/6 Technical Specifications.  Section
5.4.7.3.3 will be corrected.  This error also appears in Sections
541.1.7,54.1.18,54.733,74.1.1 and 15.2.9. These sections will

also be corrected.
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Track Number:

PSAR Sections:

Question Date:

PSAR Question:

5.2

05-004

5.2.4

November 26, 1997

4.7 Code exemptions (P 5.2-32)

Last paragraph : These portions of systems are specifically identified in
Table 5.2-8.

Review Comments :

(D

@)

(O%] N —

PSAR Response:

(1

Questions and Answers

The above information was not found in the said Table. Please

supply the information required.

Please incorporate the following considerations into the code

exemptions

Exempt only from examination, not including testing.

Relief requests shall be granted by AEC.

The relief requests shall be reviewed periodically, if new techniques,
equipment or changes in the plant have made what was once an
impossible examination now a possible examination, the relief

requests will be revoked.

Exemptions from the ASME Section XI requirements for specific
system components are identified under the “Sec. XI Exam Cat.”
Column of Table 5.2-8. For example, all piping 25 mm and smaller
for systems E11, E22, ES1, G31 and N22 are shown to be
“Exempted per IWB-1220 (b) (1)”. The phrase shown for E11
will be revised to read “Exempted per IWB-1220 (b) (1)” instead of
“Exempted per IWB-1220 (2) (1)”.

Only exemptions from examinations per IWB-1220 are described in
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Section 5.2.4.7. There is no discussion of testing in Section 5.2.4.7
and it is therefore inherent that there are no testing exemptions.

No changes will be made to Section 5.2.4.7.

2&3. The following sentences will be added to Section 5.2.4.7 to

accommodate relief requests:

“The inservice inspection program for Class 1 components and any
inservice inspection program relief requests will be reviewed based
on the Code Edition in effect and inservice inspection techniques
available immediately prior to the time of application. Each
approved inspection program relief shall be reviewed periodically to
ensure that the relief is still applicable regardless of any changes in

inservice inspection techniques, equipment or accessibility.”
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Track Number:

PSAR Sections:

Question Date:

PSAR Question:

1.

PSAR Response:
1.

F\)

0%}

05-005

Chs

November 19, 1997

The second paragraph of Section 5.2.2.4 in page 5.2-8 explained that
the SRV discharge lines in the wetwell will meet the ASME B&PV
code section 111, class 3 piping requirements but in Note h of Table
3.2-1d of Chapter 3, the non-destructive testing of the said piping has
upgraded it to class 2 piping. Please clarify.

_ Please confirm that the last paragraph of Section 5.2.2.4 in page 5.2-8

which reads “The accumulator capacity is sufficient for one actuation
at drywell design pressure of five actuations at normal drywell
pressure whichever s not limiting”, the word “not limiting” should

really be “limiting” 7

_ The second paragraph from the last in Section 5.2.2.10 reads “This

includes setpoint, operating time capacity and blowdown
requirements.” What is the meaning of “operating time capacity” ?

Please explain.

The second paragraph of Section 5.2.2.4 (page 5.2-8) will be changed
to be consistent with Note h of Table 3.2-1d of Chapter 3. The
sentence in the second paragraph of Section 5.2.2.4 will be changed
to “The SRV discharge lines in the wetwell air space are classified as
Quality Group C and Seismic Category 1, all welds shall be non-
destructively examined to the requirements for ASME B&PV Code,
Section 111, Class 2 piping”

The phrase “not limiting” will be changed to “limiting”.

The phrase “operating time capacity” has no meaning, it will be

changed to “operating capacity’.
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Track Number: 05-006

PSAR Sections: 5.2.3

Question Date: November 21, 1997
PSAR Question:

The following inconsistencies were identified after compared with the
ABWR SSAR, please explain each of them:

I. In 5.2.3.2.2, the corrosion potential is 50 to 100 mVsgg, it was 50 to
-50 in ABWR.

In 5.2.3.2.2, the conductivity control is less than 0.1 mS/cm (<0.2
mS/cm in ABWR)

In5.2.3.2.2. 3(4), dissolve oxygen is controlled to 15 ~ 50 ppb, but
it was 20 ~ 50 ppb in ABWR design.

4. (a) Inthe second paragraph of 5.2.3.4.1.1, the low carbon (0.03%)

grade material was not specified.

8]

(O]

(b) The nuclear grade material was applied restrictedly on

application where the  solution heat treatment is not applicable.

In 5.2.3.4.2.1, the delta ferrite content of 8 to 13 is requested, but it

was 5 to 20 in ABWR SSAR.

6. The specification of water chemistry (Table 5.2-5) has included the
values of pH and ECP in ABWR SSAR, but were not covered in
Lungmen PSAR. The concentrations of  the impurities requested in

n

Lungmen PSAR were generally lower than what described in SSAR,
but the oxygen of the condensate and hot standby reactor water is
greater instead (200 ppb ® 300 ppb).

fluence level was specified.
PSAR Response:
I Since the generation of the ABWR SSAR document, considerably
more data have become available for ECP measurements under

normal water chemistry conditions, and older data have been more

thoroughly reviewed. The current consensus is that a range of +50
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to +100 mV (SHE) more adequately describes the range of
potentials experienced in BWRs under normal water chemistry
conditions.

2. Since the generation of the ABWR SSAR document, there are
additional data to suggest that even with Hydrogen Water
Chemistry (HWC) operation, there is still evidence of crack
initiation and crack propagation when the routine reactor water
conductivity is 0.2 uS/cm. At the same level of HWC, the
incidence of cracking is significantly reduced when the reactor water
conductivity is reduced to 0.1 uS/em. One of GE’s goals for

optimum water chemistry is a reactor water conductivity of less than
0.08 uS/cm.

3. Since the generation of the ABWR SSAR document, a more recent
version of the EPRI BWR Water Chemistry Guidelines was
developed with participation from GE. At the last guidelines
meeting, there was no hardened evidence that operation with a
feedwater oxygen concentration of 15 ppb would lead to
accelerated corrosion of carbon steel, relative to operation at 20 ppb.
Accordingly, since there was reluctance from the BWR community
to endure supplemental feedwater oxygenation when the benefits of

doing so were questionable, the lower limit of 15 ppb was endorsed.

4. (a&b)
For welded components exposed to service temperature at or above
93 °C, the carbon is limited to 0.02% which is less than (more
restrictive) that the limit of 0.03% specified in the ABWR SSAR.
However, if the component is subsequently solution heat treated
after welding, the as-welded condition does not exist anymore; and
therefore, the above carbon control is not necessary.  As a general
practice, high carbon (up to 0.08%) materials are not used for any
welded components if they are to be left in the as-welded condition.
The only exception to the practice of controlling carbon to £ 0.02%
are for specialized components where fabrication or operating
conditions demand an alternative material.  Specific examples are
control rod absorber tubes and in-core monitor components.

Absorber tubes will be made of a special high purity, tantalum

Qucstions and Answers 5-9



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

7.

Questions and Answers

stabilized version of type 304 called 304S for improved IASCC
resistance. No weld filler metal is used on such thin-walled parts.
See response to Item 1 of ROC-AEC Question Track Number 04-

022 tor additional details on specific material usages.

The ABWR SSAR allows ferrite content of 5 to 20.  However,
TPC Bid Specification limits this requirement to 8 to 13.  Our plan
is to meet the TPC requirement, which is in compliance with the
ABWR SSAR requirement (i.e. 8 - 13 range is well within the 5 - 20

range).

The measurement of ECP under normal water chemistry conditions
does not have much significance. Since the Lungmen Project will
not initially operate with HWC, the parameter was removed from
the table. Along with the many ambiguities of the measurement,
such as where the measurement is made and at what feedwater
hydrogen concentration, there was additional incentive to remove it
from the table. For operation with HWC, the guideline is still a
potential reading of less than -230 mV (SHE).

With a reactor water conductivity of 0.1 uS/cm, the theoretical
range of pH is extremely limited ~6.6-7.6. At this conductivity
there are no materials related chemistry concerns if the coolant is
slightly acidic or slightly basic.  With water of this purity, the
accurate measurement of pH is generally not observed without very
sophisticated techniques. Accordingly, since the measurement is

of limited utility, it was also removed from the table.

The overall lower chemistry limits were approved for use on the
Lungmen Project based on the need to meet the requirements of the
more recent version of the EPRI BWR Water Chemistry Guidelines.
The oxygen limits for reactor water are only applicable for
increasing the water temperature above 60 °C (140 °F) during
startup periods.

We agree to clarify by adding “(Er> 1 MeV)”.
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ROCAEC Review Comment:

4.

Further clarification is needed on the requirement of carbon content

of the austenitic stainless steel of the non-weld components.

Further Clarification:

4.

Questions and Answers

One of the key methods of controlling 1GSCC of austenitic stainless
steel in BWRs is avoidance of use of material in a sensitized
condition.  Stainless steel that has been subjected to solution heat
treatment and rapid quenching is completely devoid of sensitization.
This is the normal condition for all stainless steel raw materials.
However, subsequent heating by fabrication processes such as hot
forming or welding can cause the stainless steel to become
sensitized. There are several ways to avoid or eliminate
sensitization in the final structure: (1) Assemble the structure
without welding so the material remains in the solution heat treated
condition; (2) Control carbon to a low level, e.g.  0.020%, so the
material does not sensitize when welded; (3) Re-solution heat
treatment after welding.  GE standard practice for the past 20
years permits up to 0.050% carbon for Type 304 or 316 material,
provided it is assembled without welding or is  resolution heat
treated subsequent to welding. Many studies have been performed
to confirm resolution heat treatment eliminates weld sensitization
and therefore, the potential for IGSCC. Solution heat treatment
has been specifically identified as a method to reduce or eliminate
IGSCC for BWR conditions”.  In addition, solution heat treatment
has been identified as a remedy for IGSCC, as an alternate to other
methods such as using nuclear grade material (i.e., 0.020%
carbon)®.  The factor of improvement in IGSCC resistance of
standard (0.06%) carbon material by solution heat treatment has
been determined to be 91. 1® which significantly exceeds the
threshold criterium for mitigation of a factor of 20. The U.S. NRC
has also recognized that solution heat treatment is a remedy for

sensitization equal to the use of low carbon material®,
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Based on these considerations and data, the GE limit of 0.050%
carbon for assemblies in the solution heat treated condition is

considered justified and appropriate for Lungmen.

REFERENCES

(1) EPRI NP-944, “Studies on AISI Type-304 Stainless Steel Piping
Weldments for Use in BWR Application,” September 1978.

(2) EPRI NP-3684-SR, Volume 1, “Proceedings: Second Seminar on
Countermeasures for Pipe Cracking in BWRs,” September 1984.

(3) EPRI NP-3684-SR, Volume 2, “Proceedings: Second Seminar on
Countermeasures for Pipe Cracking in BWRs,” September 1984,
(4) NUREG-0313, Rev. 2, 1988.
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Track Number: 05-007
PSAR Sections: 5.2.4
Question Date: November 24, 1997

PSAR Question:

Section 5.2.4.3.2.1 is on the ultrasonic examination of RPV, the
statement “However, the inservice inspection program for the reactor
pressure vessel and any inservice inspection program relief request will
be reviewed based on the Code Edition in effect and inservice inspection
techniques available at the time of application.” did not define clearly
the responsible organization for the ISI program or the review
~organization of the Relief Request. Please also clarify for what kind of

papers/approvals “the time of application” refers to ?

PSAR Response:

This section comes from the SSAR and is based on the requirements
and primary authority of 10CFR50, so a detailed definition of the
responsible organization was not included since the regulation on which
it is based assigns that responsibility to the Licensee. In this case, the
responsible Licensee for this inservice inspection programis TPC. The
secondary authority is the ASME Code, Section XI, which assigns
responsibility for the inservice inspection program to the Owner, also
TPC in this case. The “time of application” refers to the application
for a commercial operating license (COL), also derived from 10CFR50,
since it is necessary to know the date of commercial operation in order
to define the Edition and Addenda of ASME Section XI which will be

used for the inservice inspection program.
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Track Number:

PSAR Sections:

Question Date:

PSAR Questions:

'l\)

«

PSAR Responses:

Questions and Answers

05-008
5.3.2

November, 1997

In section 5.3.2.1, the statement “ABWR temperature limits are
based on a more recent revision of RG. 1.99” Please describe the
“more recent” revision of referred RG 1.99.

Please explain the procedure of constructing the P-T limiting curve.

Please describe the method and procedure for Pre-service and In-
service hydrostatic and leak pressure tests.

Please provide the initial and EOL (60 years) RTypr of beltline
metal, weld and HAZ at vessel surface, Y4 t, % t, as well as the
limiting RTxpr for heatup and cooldown P-T curve generation.

Were the measuring uncertainties of temperature and pressure

considered in the P-T limiting curve (Fig. 5.3-1)7

The RG 1.99, Revision 2 [1] provides the current correlation for
calculation of ART (adjusted reference temperature). The revision
1 correlation for ART is based on fluence, % Cu, and % P, while the

revision 2 correlation is based on fluence, % Cu, and % Ni.

REFERENCE;
1)"Radiation Embrittlement of Reactor Vessel Materials," USNRC
Regulatory Guide 1.99, Revision 2, May 1988.

P-T curves will be developed using methods that are similar to those
provided in Sections 3.0,4.0, and 5.0 of Reference 2. A plant
specific description of the methods will be provided when the new

P-T curves are provided.

REFERENCE:
2) T. A. Caine, "Pressure-Temperature Curve Methods for the

5-14



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

Chinshan and Kuosheng Nuclear Power Stations," GENE, San Jose,
CA, April 1994, (GENE-523-167-1193).

This information will be provided in the FSAR.

W)

4 GE will provide a set of P-T curves for the heatup and cooldown
operating condition at EOL. These curves apply for both the 1/4T
and 3/4T locations. When combining pressure and thermal stresses,
it is usually necessary to evaluate stresses at the 1/4T location
(inside surface flaw) and the 3/4T location (outside surface flaw).
This is because the thermal gradient tensile stress of interest is in the
inner wall during cooldown and is in the outer wall during heatup.
However, as a conservative simplification, the thermal gradient
stress at the 1/4T is assumed to be tensile for both heatup and
cooldown. This results in the approach of applying the maximum
tensile stress at the 1/4T location.  This approach causes no
operational difficulties, since the BWR is at steam saturation
conditions during normal operation, well above the

heatup/cooldown curve limits.

Therefore, since the P-T curves are developed only for the 1/4T
location, RTnpr values are only calculated for the 1/4T location.
For the HAZ material there is no regulatory requirement to provide
the initial RTnpr and there is no clear technical guidance for
determining the initial RTxpr for the HAZ materials. Therefore,
the Initial RTypr for the HAZ will not be provided.  Preliminary
calculations of RTxpr are based on the RPV material composition as
defined in the PSAR and are provided below:

% Cu % Ni Range Initial RTxpr | ART**
(C) (C)
WELD  MATERIAL
*
0.08 108-12 -20 1.7
BASE  MATERIAL
0.05 |02-12 -20 -11.5

*  The weld material is the weld adjacent to the beltline
** ART - Adjusted Reference Temperature
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Questions and Answers

Actual material RTypr's will be provided when all the CMTR's
(Certified Material Test Reports) are available. The actual material

RTwor's will be used to generate the P-T curves.

No. The metal temperature is specified on the P-T curves with no
uncertainties included for temperature or pressure. The
utility/plant needs to determine what instrumentation uncertainties
apply and take those into consideration when using the P-T curves

during plant operation.
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Track Number:  05-009

PSAR Sections:  5.4.7

Question Date:  November 19, 1997
PSAR Question:

Please provide the NPSH available versus the NPSH required as a
function of RHR flow rate and temperature. Is NPSH required a single

value or a function of fluid temperature?
PSAR Response:

:The NPSH required is strictly a function of the pump inlet design. For
a given pump inlet design the NPSH required for the pump varies as a
function of flow.The NPSH available for a system varies as a function of
flow and temperature. . NPSH available decreases with increasing
flow and temperature and NPSH required increases with increasing flow.
Final selection of the RHR pump and specifically the pump impeller and
inlet are ongoing.  Therefore, the NPSH available at the maximum
service temperature and NPSH required as a function of flow will be

provided in the FSAR after the pump design details are finalized.

ROCAEC Review Comments:

1. Head is usually expressed in water height. Head can be obtained by
dividing pressure from specific gravity. Since specific gravity is different
under different temperatures, please clarify why NPSH required is a

constant value ?

2. The NPSH required of Centrifugal pump 1s usually determined by close
to constant temperature water. Please clarify what water temperature
was used to determine the NPSH required for the ECCS pump ?
constant temperature ? or the suppression pool temperature after
LOCA?
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Further Clarifications:

o

Both the NPSH Available (NPSHA) and NPSH Required (NPSHR) will
vary with water temperature. The minimum NPSHA value is specified
in Section 5.4.7.2.2(1) as 2.4 meters. This value is based on the hottest
water temperature in the suppression pool, 100 °C.  To clarify the
information provided in Section 5.4.7.2.2(1), the title for NPSH will be
revised to read “Minimum net positive suction head available (NPSHA)
at 1m above the pump floor”. NPSHR is not specified in Section
5.4.7.2.2(1) and will be provided by the pump manufacturer after final

pump design is completed.

The RHR system is designed to provide the specified minimum NPSHA
for the RHR pump. The maximum suppression pool water temperature
after LOCA, 100 °C, was used to determine the specified minimum
NPSHA provided in Section 5.4.7.2.2(1). The RHR pump will be
designed to ensure that the NPSHR for the pump will be less than the

NPSHA over the range of pump operating conditions.
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Track Number: 05-010

PSAR Sections:  5.4.7.1.1.10
Question Date: November 19, 1997
PSAR Question:

Please provide the sequence of events which might initiate the use of
ACIWA.

PSAR Response:
All AC electrical power from onsite or offsite sources is lost.
All Emergency Core Cooling System (ECCS) pumps are unavailable.
Severe accident has occurred and the purpose of ACIWA is to prevent
core damage or, if core damage has occurred, to terminate melt
progression.
Manually actuated valves E11-BV-0045C and E11-BV-0046C are
opened in order to connect Fire Protection System to RHR loop C and

provide water to RHR Low Pressure Flooder piping to inject water into

the RPV and the drywell spray sparger.
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Track Number:

PSAR Sections:

Question Date:

PSAR Question:
1.

o

PSAR Response:
1.

Questions and Answers

05-011
5.4.8.2

November 19, 1997

The operation of the precoat of F/D will greatly affect the frequency
of removal and availability period of F/D. Right now, a one step
precoat was adopted for the First NPS (Chinshan) and a two steps
precoat was adopted for the Second NPS (Kuosheng) and each one
has its advantages and disadvantages. Please explain which precoat

operation is adopted for Lungmen and the reason?

Please provide the methodology for checking the evenness of F/D
precoat.

One of the following two methods of F/D precoating will be used

for the Lungmen F/D systems:

A. The precoat material which is a predetermined amount of slurry
of premixed anion and cation resins is applied to the filter area
using an eductor and a precoat pump. About 0. 20 lb. of
precoat material per square foot of filter area (or 0.30 kg / m?)
1s applied to the filter. The precoat pump circulates the slurry
around the F/D until the discharge water is clear. This method is
essentially the one step method.

Advantages: 1 Simpler and easy to perform.

2. Less solid waste

3. Less expensive

4

Longer differential pressure cycle

B. The other method includes applying a thin layer of filter aid
(such as cellulose fiber, diatomaceous earth, etc.) on the
filter area followed by a layer of precoat material overlay. The

process is similar to item A above except there are two layers of
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dissimilar materials applied, one on top of the other. This

method is essentially the two step method

Advantages: 1. Removes more solids

2. Less chances of resin break through
Disadvantages: 1 Longer precoating time
2. Generates more solid waste

More expensive

(%]

ha

Shorter differential pressure cycle

Either of the two above methods can be adopted for the
Lungmen F/D design. It is up to the plant owner to decide
how they want to control their F/D precoating operations.
However, the one step method (method A above) is the
preferred method because of its simplicity and its lower solid
waste production. For Lungmen, F/D precoat methods will
not affect F/D availability since there are two RWCU 100%
F/D units per plant.

2. Evenness of the precoat can be checked using any of the following

Questions and Answers

methods.

A. Salt Intrusion Test - After the precoat material has been

applied to the F/D unit, a small amount of non-corrosive ionic
salt material is injected into the F/D inlet. Anion-
chromatography analysis of the F/D effluent is then performed
to determine the amount of the salt removed by the F/D unit.
The percentage of salt removed will then be compared to the
E/D performance requirements for dissolved solids removal.
Precoat evenness is indicated when the salt removal is at or

above the F/D performance requirements. evenness

. Precoat evenness can also be indicated by measuring the F/D

performance during operation immediately after precoating is
completed.  This is accomplished by comparing the

conductivity levels at the F/D inlet and outlet and calculating the
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dissolved solids removal efficiency.  Again, if the dissolved
solids removal efficiency is below the F/D performance

requirements then additional precoat should be added.

C. Fiber optic probe fed to a TV is another way to check evenness

but may be quite expensive.

Any of the three methods described above can be used to measure
precoat evenness within the F/D units. Tt is up to the plant owner to
decide how they want to test for precoat evenness. However,
method B is recommended since it can be measured directly using
existing equipment and would require the least amount of operator

action.
ROCAEC Review Comments:

Two methods were adopted for item 1 and three methods were adopted
for item 2. What method TPC plans to adopt ? and the reason ? TPC

should explain.
Further Clarifications:

Lungmen will adopt method 1A (single step precoat application) for
precoat operations based on the advantages described in the original

response above.

For checking precoat evenness, method 2B will be adopted since it will
be less expensive to implement and will not require additional operator
actions to perform. In addition, the current system design supports
this method since there are sample points upstream and downstream of
the filter demineralizer equipment to measure the inlet and outlet
conductivities which will allow the operator to easily determine the

performance (precoat evenness) of each filter demineralizer.
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Track Number:

PSAR Sections:

Question Date:

PSAR Question

05-012

SB: RHR Injection Flow and Heat Capacity Analysis Outlines

November 21, 1997

Qmin 18 used to determine the initial quantity of water injection of LPFL
and is also an indicator during system depressurization the pressure at

which point LPFL will start injecting water into the RPV. But in PSAR,
the exact value of Q,,;, was not given. Also, please explain clearly in the
PSAR the reserved margin value of the pressure head and its factors of

consideration in the performance curve of the Inject flow pump.

PSAR Response:

The Quia 1s the minimum flow from the pump through the minimum flow
bypass line to provide a minimum continuous flow of water through the
pump to ensure that the pump is protected. The minimum flow for the
pump is currently specified as 148 m’/hr.  This value will be confirmed
during finalization of the design details of the pump and will be provided
in the FSAR.  The actual reserved margin is equal to the actual pump

head at minimum flow minus the sum of the system resistances. The

total system resistance is equal to the sum of the following:

a. the difference between the reactor and drywell pressure (1.55 Mpa at
minimum flow)

b. the static pressure head, Hs, (RPV normal water level minus
suppression pool level)

c. the pressure drop through the drywell to wetwell vent, Hv

d. the hydraulic head losses, Hf

The reserved margin will be at least equal to 7% of the required
pressure head. The 7% margin is provided to allow for uncertainties

and pump wear.
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Track Number: 05-013

PSAR Sections:  5B: RHR Injection Flow and Heat Capacity Analysis Outlines
Question Date: Ngvexllber 21,1997

PSAR Question:

The analysis of RHR Heat Exchanger in PSAR was based on the fixed
heat removal capability of 370.5 kJ/sec-°C. However, when system is
depressurized, water injection will increase, S/P temperature will rise
and other auxiliary heat sinks (RBCW, RSW) will all affect the water
condition at the inlet of RHR and the “fixed” heat removal capability is
therefore hard to maintain. So, please review the assumption and
provide more information whether it satisfies the heat removal

requirements of DBA to confirm its conservatism.
PSAR Response:

A preliminary containment analysis has been performed using the heat
removal capacity of 370.5 kJ/sec-"C and the UHS temperature of 35 °C
(95 °F).  The calculated peak suppression pool water temperature is
below the 97.2 °C (207 °F) maximum bulk suppression pool water
temperature limit.  The final containment analysis and RHR heat
capacity analysis will be completed after the detailed system design has
been finalized and the results will be provided in the FSAR.
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Track Number: 05-014

PSAR Sections:  5.4.9 MS and FW Piping
Question Date: December 19, 1997
PSAR Question:

In section 5.4.9.1 Safety Design Bases, please clarify that why dynamic
loads induced by SRV discharge to suppression pool was not included

in the safety design bases for main steamlines and feedwater piping.
PSAR Response:

The dynamic loads induced by SRV actuation and discharge to the
suppression pool have not been specifically addressed in this section
because Appendix 3B of Chapter 3 contains a description of the loads
which need to be considered in the analysis of each piping system.
Thus, for consistency with the rest of the safety design bases contained
in Section 5.4, the main steam and feedwater piping system do not
contain a description of all the loads that are analyzed. While the
dynamic loads induced by SRV actuation and discharge to the
suppression pool is not specifically listed in section 5.4.9.1, the analyses
of the main steam and feedwater piping systems include the effect of the
SRV loads.
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Track Numbenr:

PSAR Sections:

Question Date:

PSAR Question:

1.

S8

PSAR Response:

2

05-015

5.3.1

February 18, 1998

This section did not list the Ni content of SA-533-B-1 steel in detail.
Please list it clearly.

. Please explain whether the assigned lead factor of 1.2 - 1.5 is

sufficient in PSAR.

.Nickel content was not mentioned specifically because it is an alloying

element rather than an impurity, and as such, is defined in the basic
material specification, SA-533. For SA-533-B-1 the nickel content
specified by ASME i1s 0.40 to 0.70%.

. The assigned lead factor of 1.2-1.5 shown in the PSAR was provided

in the TPC Bid Specification, Appendix A, Chapter 4, Paragraph
2.3.1.8.1. In GE’s proposal it was clarified that a lead factor of 1.2-
1.5 will be provided relative to the ¥ t (thickness) location in the
reactor vessel wall (Ref. GE Lungmen Proposal, Chapter 3-Technical
Description, Paragraph 3.3.2.4.4). This is considered to be the most
appropriate definition since the ¥ t location is used for calculation of
pressure-temperature curves, etc. A factor of 1.2-1.5 will provide
more than adequate early warning in the unlikely event that loss of
toughness is significantly greater than predicted.  The surveillance
capsule, as provided, will also comply with ASTM E-185.

It should be noted that due to the large annulus (between the vessel
shell and the core shroud) of the ABWR design, relative to the
annulus of older BWRs, the neutron fluence on the ABWR RPV wall
is reduced significantly. This, coupled with the much better
chemistry of the RPV materials (lower Cu impurities) results in a non
limiting maximum Adjusted Reference Temperature (ART) of -
11.5°C (11.3°F) at the end of 60 year life. The Lungmen RPVs are
predicted to have a shift of 15.4°F or 8.5°C after 60 years. The
decrease in the Upper Shelf Energy (USE) is also much smaller for
the Lungmen RPVs. Therefore, the Lungmen RPVs have excellent
fracture toughness and there is no technical issue which would require
obtaining a higher lead factor.

Questions and Answers 5-26



RESPONSES TO ROC-AEC’s PSAR QUESTIONS

Track Number:

PSAR Sections:

Question Date:

05-016

5.4.6

February 18, 1998

PSAR Question:

Response:

Why there is a big difference between the Design exhaust pressure of
8.62 MPaG in line 4 of Table 5.4-2 in page 5.4-58 and 0.98 MPaG in
page 5.4-61 of SSAR? Also, why the System design of the Main flow
element of 8.62 MPaG/302 °C in SSAR is replaced by 17.5 MPaG/77
°’C?

The design pressure of 8.62 MPaG in the Lungmen PSAR is consistent
with the value provided SSAR Rev. 9, amendment 37.

The design pressure of the RCIC turbine exhaust line is chosen based on
the requirements of both the interfacing system LOCA (ISLOCA)
requirements and the ASME Code requirements. Prior to the
application of the ISLOCA requirements, the turbine exhaust line was
designed for the lower design pressure. Protection, to comply with the
ASME Code requirements, was supplied by putting rupture disks in the
exhaust line. With the application of ISLOCA requirements, it was
necessary to raise the design pressure to a minimum of 2.82 MPaG. If
the design pressure of the line were to be 2.82 MPagG, it would still need
overpressure protection in compliance with the ASME Code since the
reactor operating pressure is 7.17 MPaG. If rupture disks were used to
provide overpressure protection, they would need to open at 2.82
MPaG, but this would violate ISLOCA criteria which is to provide burst
protection up to reactor operating pressure. Since overpressure
protection devices, such as rupture disks could not be used to protect
the piping from the reactor pressure, it was decided to design the piping
for the reactor pressure. The design pressure which was chosen was the

same as the reactor design pressure of 8.62 MPaG.
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In the SSAR Rev. 9, amendment 37, the main flow element was
combined together with flow restricting orifices. The orifices and the
flow element have different requirements and have been separated for
the Lungmen PSAR. The higher pressure is correct since the main flow
element is located in a pipe segment that is connected to the pump
discharge piping. However, as a result of detailed design of the RCIC
pump, it has been determined that the actual design pressure of the
pump discharge piping is 16.7 MPaG. This value is slightly lower than
the previously calculated 17.5 MPaG. Therefore, the system design
pressure for the flow element in Table 5.4-2 will be changed to 16.7

MPaG to be consistent with the current pump design.
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Track Number: = 05-017

PSAR Sections:  5.4.6

Question Date: March 6, 1998

PSAR Question:
Page 5.4-18 mentioned that the capacity of the RCIC water supply
sources should refersnce Table 9.2-3 but PSAR Table 9.2-3 has nothing
to do with capacity. Please clarify.

Response:
The table reference on page 5.4-18 will be changed from “Table 9.2-3”
to “Table 9.2-6”.  Table 9.2-6 provides the minimum usable volume

requirements for the condensate storage tank which is the water supply
source for RCIC.
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Track Number: 05-018

PSAR Sections: 5.3.3.6

Question Date:

April 2, 1998

PSAR Question:

Response:

In Standard ABWR design, if the coolant temperature difference
between the dome and the bottom head drain exceeds 55°C, neither
reactor power level nor recirculation pump flow can be increased
considering the RPV thermal stress capabilities. But in PSAR this

temperature difference has been increased to 80°C. Please explain.

The Lungmen ABWR RPV design includes a control rod drive (CRD)
and incore (IC) penetration design which utilizes stub tubes to join the
CRD and incore housings to the bottom head of the RPV. The stub
tubes help reduce thermal stresses in these penetrations and allow for a
higher operating limit of 80°C, than the 55°C that was used in the
BWR/6 design. The BWR/6 RP'V had no CRD and IC penetration stub

tubes.

The Lungmen RPV design and stress analysis consider the 80°C
maximum coolant temperature difference between the dome and the

bottom head to increase power or recirculation flow.

Furthermore, it should be noted that Section 7.7.1.3 (5) correctly
specifies this temperature difference limit as  80°C, in both  the
ABWR SSAR and in the Lungmen PSAR.

ROCAEC Review Comment:

The temperature difference was raised from 55 °C to 80 °C which will
cause not only increase in thermal stress at the bottom but all the RPV as
well. TPC did not provide sufficient explanation. TPC should explain

what designs are related to the temperature difference ?
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Further Clarification:

The limiting temperature difference of 80 °C as specified in the Lungmen
PSAR, Chapter 5, Paragraph 5.3.3.6 is correct. The ABWR SSAR,
Chapter 5, Paragraph 5.3.3.6 incorrectly specifies 55 °C as the limiting
coolant temperature difference between the top head dome and the
bottom head to increase power or recirculation flow. Therefore, the
80°C limit that is specified for the Lungmen reactors does not represent
an increase of the limit relative to the ABWR.

As described in the original response above, The Lungmen ABWR RPV
design includes a control rod drive (CRD) and incore (IC) penetration
design which utilizes stub tubes to join the CRD and incore housings

to the bottom head of the RPV. The stub tubes help reduce thermal
stresses in these penetrations and allow for a higher operating limit of
80°C, than the 55°C that was used in the BWR/6 design. The BWR/6
RPV had no CRD and IC penetration stub tubes.

The concern associated with increasing flow while there is a large
temperature difference between the top and bottom of the RPV] is due
to the possibility of the stratification of colder CRD and RIP purge flow
in the lower parts of the bottom head dome, while natural circulation
may not provide enough mixing at these lower portions of the bottom
head. This effect is expected to occur locally at the lower portion of the
bottom head and is expected to result in increased stresses in parts that
are located only in these lower portions. The stress analysis of parts that
are located in this region will evaluate stresses due to this stratified
condition. The highest stresses will occur at the CRD and incore stub
tubes and in the stub tube-to-bottom head welds. Other parts that are
located away from, and above the stratified location will experience
slight increases in stress as the colder water in the bottom will mix with
the warmer water from the annulus, when the flow is increased, and have

a higher temperature as the flow passes away from the bottom head.

ROCAEC Review Comments (8/20/98):
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GE’s response indicated that the temperature difference could be raised
to 80 degrees C from 55 degrees C because of the use of stub tubes.
However, stub tubes were used at Chinshan but the temperature

difference is still 55 degrees C. How does one explain this?
Further Clarifications (8/24/98):

A review of the Chinshan CRD penetration stress analysis shows that
the configuration of the stub tube-to-bottom head connection is of the
set-in design, which is different than the Lungmen set-on design.
Therefore, it is difficult to make a direct comparison of stresses between

the two reactors.

The temperature difference is 80 degrees C for the ABWR RPV. It was
demonstrated by stress analysis that this limit is adequate for the existing
ABWR. It will also be demonstrated by stress analysis that the 80

degrees C limit is adequate for the Lungmen RPV.
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Tr{lck Number: 05-019
PSAR Sections: 5.2.3.2.2
Question Date:  April 2, 1998
PSAR Question:

This section stated that IGSCC resistant materials will be used in
Lungmen so hydrogen water chemistry is not needed. But in the same
section it was mentioned that this material is susceptible to IGSCC and
hydrogen water chemistry will help alleviate this phenomenon. Please

explain whether hydrogen water chemistry will be carried out.
PSAR Response:

The wording in the Lungmen PSAR currently includes a discussion of
hydrogen water chemistry that was inadvertantly carried over from the
ABWR SSAR.  Since hydrogen water chemistry is not included in
Lungmen, these paragraphs are not appropriate and will be eliminated.
The basic point of the paragraph remains the same.  That is, all
materials for the Lungmen ABWR in contact with high temperature

reactor water have been selected for high resistance to sensitization and
IGSCC.

ROCAEC Review Comment:

The translation of the question was not correct. (In the following
translation the second 1GSCC should be IASCC :

This section stated that IGSCC resistant materials will be used in
Lungmen so hydrogen water chemistry is not needed. But in the same
section it was mentioned that this material is susceptible to IASCC and
hydrogen water chemistry will help alleviate this phenomenon. Please

explain whether hydrogen water chemistry will be carried out.)

Further Clarification:
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The words in the Lungmen PSAR that mentioned IASCC and Hydrogen
Water Chemistry were carried over from the SSAR for which HWC was
a part of the design.  The intent of the pargraph in question was  to
provide a rationale for inclusion of HWC even though IGSCC resistant
materials were being used. Since IASCC is a relatively new
phenomenon, the existing field experience and laboratory data are less
clear that these materials are also resistant to IASCC. Consequently,
for the U.S. standard plant design it was decided to include HWC for an
extra margin of resistance to potential cracking phenomenon such as
IASCC. However, it is not presently clear that this extra margin is
absolutely necessary. ~ All of the known cases of IASCC have occurred
in Type 304/304L components. The material used to construct the
Lungmen core support structures(316L) is known to be more resistant
to IASCC than 304/304L. 1In general the ABWR core structures reach
a significantly lower peak end-of-life fluence than older BWR 4/5
because of improvements in configuration. In addition, measures have
been taken to control stresses in the core structures and to locate welds
in regions of lower neutron flux. Consequently, it is possible that
Lungmen will not be subject to IASCC of the main core structures. On
this basis it was concluded that it was not necessary to include HWC in
Lungmen at initial startup. IASCC is a time dependent phenomenon
that requires a long term buildup of neutron damage. There are a
number of operating BWRs that have 316L core structures, some of
which have been in service since the mid-1980s. These plants will
provide a substantial early warning if IASCC in 316L does become a
concern.  If] at a later date, it becomes clear that there is some
potential for IASCC in Lungmen, HWC protection can be added at that

time.
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Track Number:  05-020

PSAR Sections:  5.4.6
Question Date:  April 15, 1998
PSAR Question:

The pipings after the Lungmen RCIC system main pump will go through
Oil coolers and Barometric Condenser before it is pumped back to the
main pump suction by the Condensate pump (see Fig. 5.4-8). But at
Kuosheng, the pipings after Oil coolers will go directly to main pump
suction. What is the difference between these two ? The pipings at
Lungmen has one more Barometric condenser to go through, wouldn’t

that introduce another possible leakage path ? Please clarify.
Response:
* The design which is shown in Fig. 5.4-8 is the standard ABWR design

which is based on the Kashiwazaki 6/7 design. The BWR/6 product line

of which Kuosheng was a part, used a slightly different method of oil

2

cooling and steam leakage control than previous designs such as
Chinshan and the standard ABWR. For Lungmen, it was initially
decided to use the same design as the standard ABWR and the plants

previous to the Kuosheng product line.

Please note: Following the completion of PSAR Fig. 5.4-8, an improved
RCIC turbine and pump design is being implemented. This improved
design uses process water as a lubricant which replaces the use of oil
and eliminates the need for oil coolers. The improved design is simpler
and more reliable and substantially reduces the potential for steam
leakage. The RCIC turbine and pump improved design will be shown in
the revised PSAR Figure 5.4-8 which will be provided in the PSAR

Amendment.
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RESPONSES TO ROC-AEC’s PSAR QUESTIONS
Track Number:  05-021
PSAR Sections:  Ch. 5.2 and 7.3
Question Date:  May 12, 1998

PSAR Question:

The following statements are given in page 5.2-38 and page 7.3-30 of
PSAR respectively:  “High flow exceeding the preset value in any of
the four main steamlines will result in trip of the MSIV isolation logic
to close all the MSIVs”; “High steam flow in any two of the four
MSLs will result in trip of the MSIV isolation logic”.  Please clarify

which one is correct.

Response:
We agree that the Chapter 7 text is incorrect. Therefore, the third
sentence of Section 7.3.1.1.2(3)(c) [Page 7.3-30, Item (c)] will be
corrected as follows:
“High steam flow in any of the four MSLs (as detected by two-out-of-

four sensors within each MSL) will result in trip of the MSIV isolation

logic...”
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