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RAI Number: ECGB.1
Question:

Provide the justification as to why no information was provided for the design features
described in SSAR Sections 2.5.5, “Stability of Slopes,” and 2.5.6, “Embankment and
Dams.”

GE Response:

The combined operating license (COL) applicant will provide the site characteristics
information in accordance with 10CFR52.79. Sections 2.5.5, “Stability of Slopes,” and

2 5.6, “Embarkment and Dams,” are site characteristics information and will be revised in
Amendment 1 of the SSAR to indicate that the information will be provided by the COL
applicant (see attached).
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RAI Number: ECGB.3

Question:

SSAR Section 6.7 states that the SBWR alternate to a main steam isolation valve leakage
control system is contained in Appendix 19H. Since this Appendix will not be submitted
until February 28, 1993, the staff cannot complete its r=view of this issue. However, Table
3.2-1 appears to contain acceptable commitments to the staff positions relative to the
structural integrity of piping systems and components applicable to this issue with the
exception of the following:

a) If the proposed aiternate leakage path contains both the main steam drain lines and
the turbine by-pass lines, Items B21.13 and N37 in Table 3.2-1 should contain a
commitment that these lines will be dynamically analyzed for the safe shutdown
earthquake (SSE) up to the condenser. This same commitment should be added to
Section 10.4.4 for the turbine by-pass lines. Enclosure

b) Table 3.2-1, Item N€1 and Subsection 10.4.1 should both contain a commitment that
the condenser anchorage is dynamically analyzed for the SSE.

GE Response:

The alternate leakage path for the main steam isolation valve contains both the main
steam drain lines and the turbine bypass lines, Items B21.13 and N37 in Table 3.2-1.
These lines will be analysed for SSE seismic loading, and appropriate sections revised in
Amendment 1 of the SSAR.

The condenser anchorage will be analvzed for SSE seismic loading, and Table 3.2-1, Item
N61, and Subsection 10.4.1 will be revised in Amendment 1 of the SSAR to reflect this
commitment.



RAI Number: ECGB .4
Question:

In SSAR Table 3.2-1, Item C61, Kemote Shutdown System (RSS), is classified as not safety-
related and non-seismic. It is stated in this table that the RSS controls some components
that are in the control rod drive (CRD), reactor water cleanup (RWCLU) /shutdown
cooling (SDC), reactor component cooling water system (RCCWS), and heating,
ventilation, and air conditoning (HVAC). Subsection 7.4.2 in the SSAR states that the
RSS does not include control interfaces with safetv-related equipment. In the advanced
boiling water reactor (ABWR), the RSS is Safety Class 3, quality assurance (QA) B, and
seismic Category 1. Since some of the components controlled by the RSS in the SBWR
may be safety-related, provide the basis for the non-safety and non-seismic classificatons
for the RSS.

GE Response:

In SSAR Table 3.2-1, Item C61, Remote Shutdown System (RSS), is classified as not safety-
related and non-seismic because (1) the RSS does not perform any safety-related
functions and (2) a failure in the RSS will not prevent any safety-related functions.
Shutdown from outside the control room is not a design basis event (DBE). Therefore,
per the regulatory definition of safety-related structures, systems, and components in
10CFR50.49(b) (1) and 10 CFR 100, Appendix A, VI(a) (1), the systems and components
that are relied upon for the remote shutdown outside the control room do not perform a
safety-related function and need not be classified safety-related or seismic Category L.

The portions of other systems (the Control Rod Drive [CRD]; Reactor Water Cleanup
[RWCU ] /Shutdown Cooling [SDC]: Reactor Component Cooling Water System
[RCCWS]; and heating, ventilation, and air conditioning [HVAC])) that the RSS controls
and interfaces with are not safetv-related. Some portions of these systems are safety-
related (like the RWCLU /SDC); however, the valves in the RWCU /SDC System have local
control where each valve has a local panel control switch, from the safety division system
switch gear to which they belong. The controls are considered a part of the RSS but are
not located in the RSS main panel. In theABWR, the RSS controis and interfaces with
safety-related portions of other systems; therefore it is classified safety-related and seismic
Category L.




RAI Number: ECGB.5

Question:

In SSAR Table 3.2-1, Items E50.2 and E50  the piping and valves (including supports) in
the gravity driven cooling system (GDCS), from the check valves upstream of the squib
valves to the suppression and GDCS pools and from the GDCS pools to the lower dryweil
are QG C. According to Section 6.3 in the SSAR, the GDCS is considered to be one of
the SBWR emergency core cooling systems. Therefore, in accordance with Regulatory
Position C.1.a of Regulatory Guide (RG) 1.26, this portion of the GDCS should be
classified as QG B. Either revise Items E50.2 and E50.3 in Table 3.2.1 and applicable
portions of Figure 21.5.3-2 in the SSAR to agree with the staff position, or provide the
basis for the QG C classification.

GE Response:

In SSAR Table 3.2-1, Irems E50.2 and E5C.3, the piping and valves (including supports) in
the gravity driven cooling system (GDCS), from the check valves upstream of the squib
valves to the suppression and GDCS pools and from the GDCS pools to the lower drywell,
are classified as Quality Group C. This classification is in accordance with the definitions
of Quality Groups discussed in SSAR Section 3.2.2. The GDCS is an emergency core
cooling system as discussed in SSAR Section 6.3.

Although RG 1.26 is used as a guide in defining quality groups for the SBWR, it is not
directly applicable to the SBWR design in all cases. The definitions of the Quality Groups
provided in RG 1.26 are based on, and specifically address, the LWR designs that were
developed in the late 1960s and early 1970s. The SBWR design is a major departure from
those earlier designs. Of specific concern is the application of the RG 1.26 guidelines to
the GDCS component classification. When RG 1.26 was written, emergency core cooling
systems in LWRs extended beyond the primary containment boundary, and, therefore,
during system operation, contained primary system water without the protective envelope
of the containment structure. These cooling systems were classified as Quality Group B.
Conversely, RG 1.26 classified cooling water systems supporting the emergency core
cooling systems as Quality Group C, even though these supporting systems had the same
functions and importance as the emergency core cooling systems. The supporting
systems were only fundamentally different from the emergency core cooling systems in
that they did not process potentially contaminated primary system water outside of the
containment. Therefore, it is concluded that the higher classification of traditional
emergency core cooling systems was not due to their system function, but due to their
configuration extending beyond the containment boundary and processing primary
system water.

Based on the above discussion, the GDCS components in question are classified as
Quality Group C, rather than Quality Group B, because the system configuration does
not extend beyond the containment boundary.




It should be noted that classification of GDCS components in the SSAR is consistent with
the definitions provided in Draft 9 of the proposed American National Standard ANS-
58.14, “Safety and Pressure Integrity Classification Criteria tor Light Water Reactors.”



RAI Number: ECGB.6

Question:

In SSAR Table 3.2-1, Item G21 4 of the fuel and auxiliary pools cooling system, all of the
piping and valves between inboard containment isolation valves and their termination
points inside containment are classified as non-safety, QG D, no quality assurance
requirement, and seismic Category 1. Some of these classifications are not totally
consistent with applicable portions of the ABWR. However, the discussions in
Subsections 6.2.1.1, “Pressure Suppression Containment,” and 6.2.2, "Passive
Containment Cooling System,” (PCCS) imply that the PCCS performs the safety-related
functions of some of those systems listed in Item G21.4. Provide a more detailed
discussion of the bases for the classifications in Item G21 4.

GE Response:

The piping, valves and supports specilied in the SSAR Table 3.2-1, ltem G21 4, from their

inboard containment isolation valves to their termination points inside the containment

are classified as non-safety, QC D (no quality assurance requirement), and seismic

Category I1. The referenced piping 1s part of the Fuel and Auxiliary Pools Cooling System

(FAPCS-G21 System) as follows: :

- GDCS pools suction line

- GDCS pools return line

- wetwell spray hine

- drvwell spray line

- suppression pool return line

- reactor well and head cawnty drain line

The differences in classification for similar piping systems in the ABWR and SBWR result
from the use of different systems 1o handle the consequences of accidents and hazards. |

In order to further discuss the perceived discrepancies of safety functions between those
systems listed in Item G21.4 and Subsections 6.2.1.1, “Pressure Suppression
Containment” and 6.2.2, “Passive Containment Cooling System” it is recommended that
the reviewer refer to the following Figures:

|
|
:
Fig. 21.6.2-1 “Passive Containment Cooling System P&ID.” |
Fig. 21.9.1-1 Sheet 1 “Fuel & Auxiliary Pools Cooling System P&ID." |
Fig. 21.9.1-1 Sheet 2 “Fuel & Auxiliary Pools Cooling System P&ID.” |
Fig. 21.9.1-1 Sheet 3 “Fuel & Auxiliary Pools Cooling System P&ID.” 11

|

The Gravity Drain Cooling System (GDCS) pools suction and return lines, and the
suppression pool return line are part of the FAPCS which cools and cleans the water in
the GDCS and suppression pools and also supplies makeup water during normal
operations. The GDCS and suppression pools are designed to operate for all design basis
events without requinng water makeup.



R ——

The wetwell and drywell spray lines are not required to operate during the postulated
design basis events as the SBWR does niot take credit for these systems to handle the
consequences of design basis accident scenarios.

The portion of the reactor well and head cavity line between the isolation valve and the
suppression pool is not required to mitigate any design basis scenario, and if failure is
postulated during refueling the isolation valve will prevent drainage of the reactor head
cavity volume.

The portion of the FAPCS described in Section 6.2.2.2.2 that provides a dedicated safety
related makeup water supply to the Isolation Condenser /Passive Containment Cooling
Condenser pool and is shown on Figure 21 9.1-1 Sheet 8.

2
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RAI Number: ECGB.7

Question:

In SSAR Table 3.2-1, Item G21.6, piping and valves between the low-pressure coolant
injection (LPCI) gate valve (F332 on Figure 21.9.1-1, Sh. 2) and the intcrface with the
RWCU /shutdown cooling system (SCS) is shown as non-safety-related and no QG
classification. On Figure 21.9.1-1, this portion of piping is shown as safety-related, QG B
(8"-FD-B) and it connects to an 8"-FD-B line in the RWCU /SDC system (Ref. Figure
21.5.4-2. Sh. 2). Revise Item G21.6 to agree with the classifications in Figure 21.9.1-1.

GE Response:

In the SSAR Table 3.2-1, Item G 21.6, the classification of piping and valves between the
low-pressure coolant injection (LPCI) gate valve (F332 on Figure 21.9.1-1 Sheet 2) and
the interface with the Reactor Water Cleanup,/Shutdown Cooling System (RWCU /SCS)
will be revised in Amendment 1 (see attached). The revised classification of this section
of piping and valves will be Safety Designation Q and Quality Group B.
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RAI Number: ECGB.S
Question:

In SSAR Table 3.2-1, Items K and U74, Radioactuive Waste Management Systems and
Radwaste Building Structure, commitments are made that a quality assurance program
mectng the guidance of RG 1.143 is applied to all of the non-safety items in these systems
and structures. In addinon, commitments to Section 5, “Seismic Design for Radwaste
Management Systems and Structures Housing Radwaste Management Systems,” in RG
1.143 should be made in this tabl~ for both Items K and U74. Since the SBWR does not
include the OBE as a design requirement, provide the seismic design criteria that will be
implemented to conform to Section 5 of RG 1.143.

GE Response:

Plant structures, systems, components. and parts shall be designed to the seismic
requirements of the Unified Building Code (UBC), Zone 2A, with the exception of those
classified as Seismic I or 11 or those requiring a higher level of seismic design for
investment protection and defense-in-depth as defined in Paragraph 2.18. Building
structures shall be classified per the UBC as “essential facihties,” i.e., with an importance
factor of 1.25 for seismic design. Either of the methods permitted by UBC, simplified
analysis or dynamic analysis, is acceptable for determination of seismic loads on non-
service structures and equipment.




RAI Number: ECGB.9
Question:

In SSAR Table 3.2-1, Item U73, the stack is classified as non-safety and non-seismic. In
Figure 21.1.2-2, Sh. 2, the stack appears to be a part of the reactor building outer shell.
In Section 3.8.4.1, the reactor building outer shell is identified as seismic Category 1.
Either revise Item U73 to classify the stack as safety-related and seismic Category I, or
provide the basis for the non-safety and non-seismic classifications.

GE Response:

The stack is classified as non-seismic. It shall be designed and constructed according to
the seismic requirements of the Unified Building Code (UBC), Zone 2A. It shali be
classified per the UBC as “essential facilities,” i.e., with an importance factor of 1.25 for
seismic design. Either of the methods permitted by UBC, simplified analysis or dynamic
analysis, is acceptable for determination of seismic loads on non-service st actures and
equipment. However, the stack has ccn included in the Reactor Building seismic
analysis model for determination of seismic loads. The stack shall be anchored
adequately into the Reactor Building structure to preclude its collapse onto a Seismic
Category | structure.
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and valve bodies are also exempted from consideration of pipe break because of their
greater wall thickness.

3.6.2.1.1 Locations of Postulated Pipe Breaks

3610

Postulated pipe locations are selected as follows:

Piping Meeting Separation Requirements

Based on the HELSA evaluation described in Subsection 3.6.1.8, the high-energy lines
which meet the spatial separation requirements are generally not identified with
particular break points. Breaks are postulated at all possible points in such high-energy
piping systems. However, in some systems break points are particularly specified
according to the following subsections if special protection devices such as barriers or
restraints are provided.

Piping in Containment Penetration Areas

No pipe breaks or cracks are postulated in those portions of piping from the
containment wal-penetration to and including the inboard or outboard isolation vaives
which meet the following requirement in addition o the requirement of the ASME
Code, Section 111, Subarticie NE-1120:

8 The following design stress and fatigue limits are not exceeded:
For ASME Code, Section II1, Class 1 Piping

- The maximum stress range between any two load sets (including the zero load
set) does not exceed 2.4 S, and is calculated by Equation 10 in NB-3653, ASME
Code, Sect'on 111

- The cumulative usage factor is less than 0.1.

- The maximum stress as calculated by Equation 9 in NB-3652 under the loadings
resulting from a postulated piping failure beyond those portions of piping does
not exceed the lesser of 2.258,, and 1.8S; except that following a failure outside
containment, the pipe between the outboard isolation valve and the first
restraint may be permitted higher stress provided a plastic hinge is not formed
and operability of the valves with such stresses is assured in accordance with the
requirement identified in Section 3.9.3. Primary loads include those which are
deflection limited by whip restraints.

For ASME Code, Section 111, Class 2 Piping

- The maximum stress as calculated by the sum of Equations 9 and 10 in
Paragraph NC-3652, ASME Code, Section II1, considering those loads and
conditions thereof for which level A and level B siress limits are specified in the

Protection Against Dynamic Effects Associated with the Postulated Rupture of Piping — Amendment 1 DRAFT
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system's Design Specification (i.e., sustained loads, occasional loads, and
thermal expansion) including an OBE event does not exceed 0.8(1.8 5y, + §4).
The Sy, and Sy are allowable stresses at maximum (hot) temperature and
allowable stress range for thermal expansion, respectively, as defined in Artcle
NC-3600 of the ASME Code, Section 1L

-~ The maximum stress, as calculated by Equation 9 in NC-3653 under the loadings
resulting from a postulated piping failure of fluid system piping beyond these
portions of piping, does not exceed the lesser of 225 S, and 1.8 8,

Primary loads include those which are deflection limited by whip restraints. The
exceptions permitted above may also be applied provided that when the piping
between the outboard isolation valve and the restraint is constructed in accordance
with the Power Piping Code ANSI B31.1, the piping is either of seamless
construction with full radiography of all circumferential welds, or all longitudinal
and circumferential welds are fully radiographed.

Welded attachments, for pipe supports or other purposes, to these portions of
piping are avoided except where detailed stress analyses, or tests, are performed to
demonstrate compliance with the above mentioned code limits.

The number of circumferential and longitudinal piping welds and branch
connections are minimized. Where penetration sleeves are used, the enclosed
portion of fluid system piping is seamless construction and without circumferential
welds unless specific access provisions are made to permit inervice volumetric
examination of longitudinal and circumferental welds.

The length of these portions of piping are reduced to the minimum length
practical.

The design of pipe anchors or restraints (e.g., connections to containment
penetrations and pipe whip restraints) do not require welding directly to the outer
surface of the piping (e.g., flued integrally forged pipe fittings may be used) except
where such welds are 100% volumetrically examinable in service and a detailed
stress analysis is performed to demonstrate compliance with the above mentioned
code limits.

Sleeves provided for those portions of piping in the containment penetration areas
are constructed in accordance with the rules of Class MC, Subsection NE of the
ASME Code, Section I11, where the sleeve is part of the containment boundary. In
addiuon, the entire sleeve assembly is designed to meet the following requirements
and tests:

Protection Against Dynamic Effects Associated with the Pustulated Rupture of Piping — Amendment 1 DRAFT 36N
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5410

P&ID defines piping system interconnections, valves, instruments, special arrangement
requirements, manually operated controls and system input sources and outputs.

Each IC is designed for 30 MWt capacity and is made of two identical modules.

The units are located in a large water pool positioned above and outside the SBWR
containment (drywell).

The 1C is configured as follows:

The steam supply line (insulated and enclosed in a guerd-ppe-penctration sleeve,

which penetrates the containment roof slab) is vertical and feeds two horizontal
headers through four pipes. Each pipe is provided with a built-in flow limiter, sized
to allow natural circulation operation of the 1C at its maximum heat transfer
capacity while addressing the concern of 1C breaks downstream of the steam supply
pipe. Steam is condensed inside vertical tubes and is collected in two lower headers.
['wo pipes, one from each lower header, take the condensate to the common drain
line which vertically penetrates the containment roof slab.

Vent lines are provided for each upper and lower headers to remove the
noncondensable gases away from the unit, during the [C operation period; the lines
penetrate the containment roof slab.

A purge line is provided to assure that, during normal plant operation (IC system
standby conditions), the excess of hydrogen (from the hydrogen water chemistry
control additions) or air from the feedwater will not accumulate in the IC steam
supply line, thus assuring that the IC tubes will not be blanketed with
noncondensables when the system is first started. The purge line penetrates the
containment roof slab.

Isolation containment valves are provided on the steam supply piping and the
condensate return piping. The containment isolation is discussed in Subsection
624

Located on the condensate return piping just upstream of the reactor entry point is
a loop seal and a pair of valves: (1) a condensate return valve (FOO5, motor-
operated, fail as is) and (2) a condensate return bypass valve (FOO06, nitrogen piston
operated, fail open). These two valves are closed during normal station power
operations. Since the steam supply line valves are normally open, condensate will
form in the 1C and will develop a level up to steam distributor, above the upper
headers. To start an IC into operation, the motor-operated condensate return valve
(F005) is opened, whereupon the standing condensate drains into the reactor and
the steam- water interface in the 1C tube bundle moves downward below the lower
headers to a point in the main condensate return line. The failopen nitrogen

Component and Subsystem Design — Amendment 1 DRAFT
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If, during 1C operation and after the initial transient, the RPV gauge pressure increases
above 7.653 MPa (1110 psig), the bottom vent valves (F009 and FO10) automatically
open, when the RPV gauge pressure decreases below 7.584 MPa (1100 psi) (reset value)
and after a time delay to avoid too many cvcles, these two valves close.

After reactor isolation and automatic 1C System operation, the control room operator
can control the venting of noncondensable gases from the IC to enable it to hold
reactor pressure below sate shutdown limits.

5.4.6.3 Safety Evaluation

I'he lsolation Condenser Svstem is used to transfer decay and residual heat from the
reactor after it is shutdown and isolated. This function can also be performed by the
RWCLU /SDC System or Engineered Safety Features (ESF)of ADS, PCCS, and GDCS
which back up the ICS. The Isolation Condenser System is designed and qualified as a
safety-related system to comply with 10CFR 50 Appendix A, Criterion 34 and to avoid
unnecessary use of these ESFs for residual heat removal, but it is not an Engineered
Safety Feature.

The ICS parts (including isolation valves) which are located inside the containment and
out to the IC flow restrictors are designed to ASME Code Section 111, Class 1, Regulatory
Guide 1.26, Quality Group A. The ICS parts which are located outside the containmeni
downstream of the flow restrictor are designed to ASME Code Section 111, Class 2,
Regulatory Guide 1.26, Quality Group B. The electrical design systems are designed to
comply with Class i E requirements per Regulatory Guide 1.153, and the entire system
is designed to Seismic Category I per Regulatory Guide 1.29.

The common IC/PCC pool that I1Cs share with the PCUs of the Passive Containment
Cooling System is safety-related and an ESF because of the PCC function (Subsection
6.22.1).

Two out of three 1CS loops will remove post-reactor isolation decay heat and
depressurize the reactor to safe shutdown conditions when the reactor is is.ated after
operation at 100% power and with loss of feedwater makeup to the reactor. One 1CS
loop will be capable of removing decay heat and depressurize the reactor when isolated
with continued feedwater or CRD makeup.

As protection from missile, tornado and wind, the ICS parts outside the containment
(the Isolation Condenser itself) are located in a subcompartment of the safetyrelated
1CS/PCC pool to comply with 10CFR 50 Appendix A, Criteria 2, 4 and 5.

The 1C steam supply pipes include flow restrictors, and the 1C condensate drain pipes
are of limited area so that an IC piping or tube rupture in the safety-related 1CS/PCC
pool will limit flow-induced dynamic loads and pressure buildup in the ICS/PCC pool.

At a-pipes-and-spectak-transonmes Pencuaton sleeves are used at the

Component and Subsystem Design — Amendment 1 DRAFT 5415
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locations where the IC steam supply and condensate return pipes enter the pool at the

containment pressure boundary. These penctravon sleeves are designed and

constructed in acco e with the requirements specified in Subsectio 3.2,

The 1CS valve actuators are to be qualified for service inside the drywell for continuous
service under normal conditions and to be operable tor 4 hours with a steam
environment. Thereafter, the valves are required to remain in their jast position.

The ICS steam supply lines, condensate return lines, instrument lines, and vent lines
that penetrate containment are provided with isolation valves to satisfy containment
isolation requirements as discussed in Subsections 6.2.4 and 7.3.3

Compliance of instrumentation and control equipment is addressed in Subsection
7144.3.

5.4.6 4 Testing and Inspection Requirements

54186

Inspection

During plant outages, routine 181 is required for the isolation condenser, piping
containment penetration sleeves, and supports according to ASME Code Section 111
and Section XI (requirements for design and accessibility of welds).

IC removal for routine inspection is not required.

Ultrasonic inspection is required for 1C tubes/ headers welds. IC tubes will be inspected
by the eddy current method.

Testing

Periodic heat removal capability testing of the 1Cs is required during plant operation.
This test is accomplished using the temperature recorder located downstream of the
isolation valve F004, together with the differentia’ pressure recorder which gets the
signal form one of the dPTs, on the condensate return line.

During normal plant operation, a periodic surveillance te. of normally<losed valves
F005 and FO06 on condensate line to RPV, being moved in.v an open condition, will be
performed.

Component and Subsystem Design — Amendment 1 DRAFT
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The following paragraphs summarize the basis for SBWR compliance with the
requirements imposed by Criterion 55.

6.2.4.3.2.1 Influent Lines

Influent lines, which penetrate the containment directly to the RCPB, are equipped
with at least two isolation valves, one inside the containment and the other as close to
the external side of the containment as practical. Table 6.2-13 lists the influent pipes
thai coraprise the RCPB and penetrate the containment. The table summarizes the
design of each line as it satisfies the requirements imposed by General Design Criterion

55

Feedwater Line

The feedwater line is part of the reactor coolant pressure boundary as it penetrates the
drywell to connect with the reactor pressure vessel. It has two automatically closing
isolation valves. The isolation valve inside the containment is a check valve, located as
close as practicable to the containment wall. Outside the containment is a spring-check
valve located as close as practicable to the containment wall. The spring-check valve
outside containment is provided with an air-opening, spring-closing operator which,
upon remote manual signal from the main control room, provides additional seating
force on the valve disc to assist in long-term leakage protection. Should a break occur
in the feedwater line, the check valves prevent significant loss of reactor coolant
inventory and offer immediate 1solation.

Isoiation Condenser Condensate and Venting Lines

The isolation condenser condensate lines penetrate the containment and connect
directly to the reactor pressure vessel. The isolation condenser venting lines extend
from the isolation condenser through the containment and connect together
downstream of two normally closed control valves in series. The venting line terminates
below the minimum drawdown level in the suppression pool. Each IC condensate line
has two open isolation gate-valves located in the containment where they are protected
from outside environmental conditions which may be caused by a failure outside the
containment. In case of the venting lines there are two normally closed control globe-
valves in series with isolation globe-valves. The condensate lines are automatically
isolated when leakage is detected.

The IC isolation valves and the pipes penetrating the containment are designed in
accordance to ASME Code Section I1I, Class 1 Quality Group A, Seismic Category L.
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force is capable of closing an isolaton valve. Refer to Subsection 5.4.5 for Main
Steamline Isolation System description.

Isolation Condenser Steam Supply Lines

The isolation condenser steam supply lines penetrate the containment and connect
directly to the reactor pressure vessel. Two isolation gate-valves are located in the
containment where they are protected from outside environmental conditions which
may be caused by a failure outside the containment. The isolation valves in each 1C loop
are signaled to close automatically on excessive flow. The flow is sensed by four
differential flow trarsmitters in either the steam supply line or the condensate drain
line. The isolation valves are also automatically closed on high radiation in the steam
leaving an 1C-pool compartment. The isolation functions are based on any 2 out of 4
channel trips.

The 1C isolation valves and the pipe penetrating the containment are designed in
accordance to ASME Code Section lll Class 1 Quahtv Group A, Sc:smu Categorv L

mem !n addxuon o the 1C uolatmn ulves

the IC system outside the containment consists of a closed loop designed to ASME Code
Section I11, Class 2, Quality Group R, Seismic Category 1, which is a “passive” substitute
for an open “active” valve outside the containment. This closed loop substitute for an
open isolation valve outside the containment implicitly provides greater safety. The
combination of an already isolated loop outside the containment plus the series
automatic isolation valves inside the containment comply with the intent of isolation
provisions of US NRC Code of Federal Regulations 10CFR50, Appendix A, Criterion 55
and 56.

Reactor Water Cleanup System /Shutdown Cooling System

The Reactor Water Cleanup/Shutdown Cooling System(RWCU /SDC) takes its suction
from the reactor pressure vessel. The RWCL /SDC suction lines of each loop are
isolated by one automatic nitrogen operated gate valve inside and two parallel motor
operated gate valves outside the containment. During normal operation the larger of
these parallel valves (used for shut down cooling) is closed.

RWCU /SDC pumps, heat exchangers and demineralizers are located outside the
drywell.
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RAI Number: ECGB.12
Question:

In SSAR Section 3.7.3, it is stated that for seismic subsystem analysis of ASME
components, ASME Section I1I, Appendix N, “Dynamic Analysis Methods,” is applicable.
Appendix N is a non-mandatory appendix that is still evolving and does not currently
agree with some staff positions. Therefore, it has not been endorsed by the staff, and the
staff has no immediate plans to review it. Some of the rules which are either in Appendix
N, or are being proposed for future addenda to that standard, and which do not agree
with staff positions, address issues such as damping values, use of the load coefficient
method, use of the independent support motion response spectrum method of analysis,
and the 50- percent nonexceedance probability level in N-1723.2, N-1724, and N-1725 of
Appendix N. Revise the SSAR to delete all references to Appendix N and replace them
with applicable RGs, SRPs, or staff approved ASME Code Cases.

GE Response:

The ASME Boiler and Pressure Vessel Committee meets to consider revisions of the rules
as dictated by technological development. As part of this process, ASME Section I,
Appendix N has evolved, in part, to address the overly conservative seismic design
requirements that exist in many regulations, and which has contributed to the overall
lack of safety margins for the plant. A good example of this excess conservatism is found
in the seismic design of piping systems, which has resulted in inflexible piping with very
high stresses for normal operating conditions this, in turn, contributes to ancillary
problems s ch as stress corrosion cracking and high fatigue usage. Hence, the use of a
more realistic, but still conservative, approach as defined by the ASME Section 111,
Appendix N, "Dynamic Analysis Methods,” will ensure improved overall plant safety for
the SBWR.

For the reasons outlined above, it is the intention to keep the present reference to
Appendix N, and to request NRC approval based upon the advances made in the
technology of understanding seismic behavior of structures, piping, and equipment.



RAI Number: ECGB.13

Question:
In SSAR Subsection 3.7.3.1, Electric Power Research Institute (EPRI) NP-6628 (NCIG-

14), “Procedure for Seismic Evaluation and Design of Small 3ore Piping,” is referenced as

an alternate procedure to be used in lieu of seismic analysis for piping 2 inches and
smaller in diameter. This procedure incorporates, in part, the use of a seismic
experience-based approach for the design or qualification of “mall bore safety-related
piping. The staff has not accepted this procedure. Currenth, the staff only accepts a
suitable dynamic analysis or a suitable qualification test except when the use of an
equivalent static analysis has been demonstrated to be adequate for the design of such
piping systems. Revise Subsections 3.7.3.1 and 3.7.6 to delete the reference to EPRI NP-
6628 (NCIG-14).

GE Response:

NCIG-14 is an analytical approach to the design of small bore piping, and is based upon
the results of test programs. The NRC published NUREG-1061, Volume 2, which
concluded that piping installed in non-nuclear facilities performed extremely well in
strong motion earthquake, and recommended that some of the ultra-conservatism in
design be reduced. After the NRC staff approves NCIG-14, Subsections 3.7.3.1 and 3.7.6
will be revised to show that NCIG-14 will be used.
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RAI Number: ECGB.15
Question:
During the Julv 17, 1991, meeting, the stall was also informed that for predicting

rcsporise of the SBWR internals to loss-of-coolant accident (LOCA) using the GDCS, a
1 /508 sector-scalcd SBWR test was performed, such that the data base can be used to

qualify the thermal-hydraulic computer codes (TRAC and TRACG) for accident analysis.

However, for normal operation, since the flow rate in the SBWR core area is dependent
upon natural circulation, the flow velocities may vary in a broad range under different
operating conditions. In cases of low flow rate, thermal mixing inside the reactor vessel
may not be thorough, and the flow may be stratified into several regions with different
thermal conditions. In such cases, reactor internal components may expericnce uneven
thermal loads and result in high thermal stresses and high cumulatve fatigue effects.
Since the thermal loads are difficult to be accurately predicted analytically due to
complexity of flow-pass geometries and complicated boundary conditions, an
instrumented full-scale prototype testing of reactor internals under variocus operaung
transients appears necessary for confirming the thermal loads for the reactor internal
component design. Discuss if such a test is planned, or if none is planned, why it is not
necessary.

GE Response:

No full scale measurement of thermal loads due to thermal stratification is necessary,
because as discussed in the response to SRXB.32, the SBWR operation will be controlled
such that stratification is dissipated by the reactor water cleanup system at low core flow.
Therefore a bounding temperature difference can be defined for use in a conventional
thermal stress analysis,



RAI Number: ECGB.17
Qrestion:

In SSAR Subsection 3.9.3.7.1, it is stated that to minimize the use of snubbers, special
engineered pipe supports s..ch as energy absorbers and limit stops may be used.

a) With respect to energy absorbers it should be noted in this subsection that (1)
ASME Code Case N-420 can onlv be used as condinoned by RG 1.84, and (2)
ASME Code Case N-420 cannot be used in the same analysis that uses the damping |
values in ASME Code Case N-411. Revise Subsection 3.9.3.7.1 and any other |
applicable subsection in the SSAR to add these conditions. |

b) The use of limit stops is currently be'ng reviewed by the staff on a plant-specific
basis. One plant has been conditionally approved to use this alternative in a part
of one pilot piping system. Pending the results of the staff's evaluation of this
program, the use of limit stops is not acceptable. Revise Subsection 3.9.3.7.1 and
any other applicable subsection to either deletc the paragraph on limit stops or
commit 0 using this alternative only after it has been approved by the staff.

GE Response:

Secuons 3.7.1.2 and 3.9.8.7.1 of the SSAR will be revised and Sectuon 3.7.3.3.5 of the
SSAR will be added in Amendment 1 (see attached).

a) Section 3.9.3.7.1 has been revised to «tate that Code Case N-420 can only be used if |
the information required by Regulatory Guide 1.84 is provided to the regulatory
agency. In addition, Section 3.9.3.7.1 has been revised so that it references a new |
Section 3.7.3.3.3 “Modeling of Special Engineered Pipe Supports.” This new |
section provides the analytcal requirements. Section 3.7.1.2 has been revised 1o |
state that ASME Code Case N-411-1 damping cannot be used for analyzing linear
energy absorbing supports designed in accordance with ASME Code Case N-420.

b)  The new Section 3.7.3.3.3, referenced by subsection 3.9.3.7.1, specifies that if these |
special devices are used, the modeli- ~ and analytical methodology will be in
accordance with methodology accepted by the regulatory agency at the time of
certification or at the time of application.
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The time histories of the two horizontal components also satisfy the Power Spectra
Density (PSD) requirement stipulated in Appendix A to SRP 3.7.1. The computed PSD
functions envelop the target PSD of a maximum 0.3gacceleration with a wide margin in
the frequency range of 0.3 Hz to 24 Hz as shown in Figure 3.7-18 and Figure 3.7-19 for
the H1 and H2 components, respectively. In these figures the curve labeled as 80% of
the target PSD is the minimum PSD requirement.

The time histories of three spatial components are checked for statistically
ind=pendency. The crosscorrelation coefficient at zero time lag is 1. 01851 between H1
and H2, 0.07037 between H1 and VT, and 0.07367 between H2 and VT. All of them are
iess than 0.16 as recommended in the reference of RG 1.92 Thus, H1, H2, and VT
acceleration ume histories are mutually statistically independent.

3.7.1.2 Percentage of Critical Damping Values

Damping values of various structures and components are shown in Table 3.7-1 for SSE
dynamic analysis. These damping salues are consistent with RG 1.61 SSE damping. For
ASME Section 11, Division ! Class 1, 2, and 3, and ASME /ANSI B31.1 piping systems,
damping values of ASME Code Case N-411-1 may be used as permitted by RG 1.84, in

place of Rb 1.61 dampmg AMMWM

M,_The dampmg values shown in Tab!e 3 7ol are apphcablc Lo all n: odes of a
structure or component constructed of the same material. Damping values for systems
composed of subsystems with different damping properties are obtained from the
procedures described in Subsection 3.7.2.13.

3.7.13 Sup »ury ftedis for Category | Structures

The .. Category | structures have concrete mat foundations supported o soil,
rock or cor pacted backfill. The embedment depth, dimensions of the structural
foundation, and total structural height for each structure are given in Subsection
3.8.5.1. The soil conditions considered for the design of the standard plant are
described in Appendix 3A.

3.7.2 Seismic System Analysis

This section applies to building structures that constitute primary structural systems.
The reactor pressure vessel (RPV) is not a primary structural component but, due (o its
strong dynamic interaction with supporting structure, is considered as part of the
primary system of the reactor building for the purpose of dynamic analysis.

3.7.2.1 Seismic Analysis Methods

Analysis can be performed using any of the following methods:

® time history method;

Seismic Design — Amendment 1 DRAFT 373
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locations of large masses, such as valves, pumps, and motors, and with locations of
significant geometry change. All concentrated weights on the piping systems, such as
the valves, pumps, and motors, are modeled as lumped mass rigid systems if their
fundamental frequencies are greater than the cutoff frequency in Subsection 3.7.2.1.1.
On straight rans, mass peints are located at spacings no greater than the span which
would have a fundamental frequency equal to the cutoff frequency stipulated in
Subsection 3.7.2 1.1 when caiculated as a simply supported beam with uniformly
distributed mass The torsional effects of valve operators and other equipment with
offset center of gravity with respect to the piping center line are included in the
analytical model. Furthermore, all pipe guides and snubbers are modeled so as to
produce representative stiffness. The equivalent linear stiffness of the snubbers is based
on actual dynamic tests performed on prototype snubber assemblies or on data
provided by the vendor. The stiffness of the supporting structures is included in the
analysis, unless the supporting structure can be shown o be rigid.

3.7.3.3.2 Equipment

For dynamic analvsis, equipment is represented by lumped-mass system which consists
of discrete masses connected by massless elements. The criteria used to lump masses are
as follows:

s The number of modes of a dynamic svstem is controlied by the number of masses
used; therefore, the number of masses is chosen so that all significant modes are
included. The number of masses or dynamic degrees of freedom is considered
adequate when additional degrees of freedom do not result in more than a 10%
increase in response. Alternatively, the number of dynamic degrees of fieedom is no
less than twice the number of modes below the cutoff frequency of Subsection
37211

® Mass is lumped at any point where a significant concentrated weight is located.
Examples are the motor in the analysis of pump stand. and the impelier in the
analysis of pump shaft.

8 If the equipment has free-end overhang span whose flexibility is significant
compared to the center span, a mass is lumped at the overhang span.

® in the case of live loads (mobile) and a variable support stiffness, the location of the
load and the magnitude of support stiffness are chosen to yield the most critical
resonant frequency of the system to ensure conservatve responses under applicable
floor response spectra.
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3.7.3.4 Basis for Selection of Frequencies

Where practical, in order 1o avoid adverse resonance effects, equipment and
components are designed/selected such that their fundamental frequencies are less
than 1/2 or more than twice the dominant frequencies of the support structure.
Moreover, in any case, the equipment is analvzed and /or tested to demonstrate that it
is adequately designed for the applicable loads considering both its fundamental
frequency and the forcing frequency of the appiicable support structure.

3.7.3.5 Analysis Procedure for Damping

Damping values for equipment and piping are shown in Table 3.7-1 and they are
consistent with RG 1.61. For ASME Section 111, Division 1 Class 1, 2, and 3, and
ASME /ANSI B31.1 piping systems, damping values of ASME Code Case N-411-1 may be
used as permitted by RG 1.84. For systems made of subsystems with different damping
properties, the analysis procedures described in Subsection 8.7.2.1.3 are applicable.

3.7.3.6 Three Components of Earthquake Motion

The applicable methods of spatial combination of responses due to each of the three
INPUL MOtion COMPONENts are described 1n Subsection 3.7.2.6.

3.7.3.7 Combination of Modal Responses

The applicable methods of modal response combination are described in Subsection
3727

3.7.3.8 interaction of ~*her Systems with Seismic Category | Systems

Each non-Category I (i.e. C-Il or NS) system is designed to be isolated from any Seismic
Category | system by either a constraint or barrier, or is remotely located with regard to
the Seismic Category [ system. If it is not feasible or practical to isolate the Seismic
Category | system, adjacent non-Category I systems are analyzed according to the same
seismic criteria as applicable to the Seismic Category I systems. For non-Category |
systems attached to Seismic Category I systems, the dynamic effects of the non-Category
1 systems are simulated in the modeling of the Seismic Category I sysiem. The attached
non-Category | systems, up te the first anchor beyond the interface, are also designed

372 Seismic Design
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obtained from an analvsis, and are confirmed not to exceed the design loads
for various operating conditions.

Frame Type (Linear) Pipe Supports — Frame type pipe supports are linear
supports as defined as ASME Section I, Subsection NF, Component
Standard Supports. They consist of frames constructed of structural steel
elements that are not attached to the pipe. They act as guides 1o allow axial
and rotational movement of the pipe but act as rigid restraints to lateral
movement in either one or two directions. Frame type pipe supports are
designed in accordance with ASME Code Section 111, Subsection NF-3000.

Frame type pipe supports are passive supports, requiring little maintenance
and inservice inspection, and are noriaaily used instead of struts when they are
more economical or where environmental conditions are not suitable for the
ball bushings at the pinned connections of struts. Similar to struts, frame type
supports are not used at locations where restraint of pipe movement o
thermal expansion significantly increases the secondary piping stress ranges
or equipment nozzle loads.

The design loads on frame type pipe supports include those loads caused by
thermal expansion, dead weight, and the inertia and anchor motion effects of
all dynamic loads. As in the case of other supports, the forces on frame type
supports are obtained from an analysis, which are assured not to exceed the

design loads for various operating conditions.

Energy Absorbers — These are linear energy absorbing support parts
designed to dissipate energy associated with dynamic pipe movements by
vielding. When energy absorbers are used they will be designed to meet the
requirements of ASME Section 11l Code Case N-420. Linear Energy Absorbing
Supports for Subsection NF, Classes 1, 2, and 3 Construction, Section 111,
Division 1. The restrictions on location and application of struts and frame-
type supports, discussed in (4) and (5) above, are also applicable to energy

Mechanical Systemns and Components — Amendment 1 DRAFT 3839
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RAI Number: ECGB.18
Question:

The information in SSAR Section 3.9.6 infers that exemptions from the Code testing
requirements may be requested.

All of the plants which have been licensed by NRC have been permitted to request relief
from the ASME Section XI inservice testing (18T) rules for pumps and valves. These
pumps and valves are generally installed in systems in which it is impractical to meet the
Section XI rules because of limitations in the system design which preclude testing
without significant design changes. In other cases, the staff approved alternauves to the
Section XI requirements because imposition of the Section XI rules would have resulted
in hardships to the licensee without a compensating increase in the level of safety. The
underlying reason for the regulation allowing these reliefs from the code was that the
detailed system designs for all of these plants were essentially completed prior to the time
that the staff promulgated 10 CFR 50.55a(g) that incorporated by reference the ASME
Code Section X1 rules. A plant such as SBWR, for which the final design is not complete,
has sufficient lead time available to include prowvisions for this type of testing in the
detailed design of applicable piping systems. Therefore, exemptions from the applicable
code testing requirements will not be granted for SBWR. However, with regard to
subsequent or future code revisions 1o the applicable ASME Code for the SBWR plant,
requests for relief from certain updated code requirements may still be submitted for
staff review in accordance with 10 CFR 50.55a(f). Revise SSAR Subsection 3.9.6 to
provide a more explicit commitment that SBWR will be designed to accommodate testing
per the code requirements for IST of valves (and pumps, if applicable).

GE Response:

Table 3.9-8 submitted to the NRC on February 28, 1993, provides details of the inservice
testing program for the SBWR. This section references ASME OM Code-1990, rather
than ASME Section XI. The ASME Board on Nuclear Codes and Standards recognized
that O&M is the appropriate commitiee 1o establish inservice testing requirements and
voted to proceed with making the O&M Standard stand on its own, with the objective of
the eventual deletion of IST from Section XI. The NRC hlanket statement position that
“exemptions from the applicable code testing requirements will not be granted for
SBWR" is considered unreasonable. It is inconceivable that in the entire IST scope there
would not be at least one valid reason to have an exception to the code. For example, if
testing a valve would lead 1o depressurizing the reactor vessel, there might be a reason 1o
have an exemption and delay the valve's IST until a refueling outage. The exemptions
currently referred to in Section 3.9.6 are those allowed by OM Code rules. Itis expected
that upon review of the proposcd IST program, the NRC will concur with the statements
made in Section 39.6.



RAI Number: ECGB.19
Question:

In SSAR Section 3.9.6, GE stated that safety-related pumps and valves will be included in
the IST program for the SBWR. The unique SBWR design places significant reliance on
passive safety systems, but also depend on non-safety svstems (which are traditional safety
systems in current LWRs) to prevent challenges to passive systems. Therefore, it is very |
important that testability of both safety-related valves and important non-safety pumps |
and valves be provided carly in the design phase. The applicant is requested to provide

detailed information to ensure that all safety-related valves can be in situ tested to

demonstrate their design capabilities and to monitor their condition.

The staff has not completed it's review of the extent to which important non-safety
components may have to meet safety-grade criteria. However, there are uncertainties
concerning the lack of a proven operational performance history for the valves in the
passive systems. These uncertainties may increase the need to rely on the important non-
safety systems and components in providing the defense-in-depth to prevent and mitigate
accidents and core damage. The staff is still evaluaung this 1ssue for the passive plant
designs. The specific staff positions on the inservice testing requirements for the
important non-safety components will be determined when the staff completes its review
of the issue of regulatory treatment of non-safety systems. The applicant will then be
requested to revise Section 3.9.6 to agree with the stafl’s position.

GE Response:

The SSAR describes the general plan for the inservice testing (IST) program for safety-
related systems in Sections 3.9.6, 3.9.6.1 and 3.9.7.3. It is not practical to undertake the
enormous expense of designing all pumps and valves in non-safety systems to be IST

testable, just because the NRC has not vet agreed on criteria for which plant components ‘
should be tested. The ongoing industry program and discussions with the NRC on the
regulatory treatment of non-safety systemns will resolve this issue for non-safety systems.
SSAR Section 3.9 will be revised in a future amendment to reflect the final industry

resolution of this issue as it applies to inservice testing of important non-safety ;
components.



RAI Number: ECGB.20

Question:

In SSAR Section 3.9.6.2 of the SSAR, GE state 1 th .« the motor operated valves (MOVs)
equipment specifications require the incorpoiauon of the results of either in situ or
prototype testing with full flow and pressure and/or full differential pressure to verify the
proper sizing and correct switch seitings of the valves. In Section 3.9.7.3 of the SSAR, GE
also stated that the concerns and issues identified in Generic Letter (GL) 89-10 for MOVs
will be addressed by the applicant referencing the SBWR design before plant startup.
The method of assessing the loads, the method of sizing the actuator, and the setting of
torque and limit switches will be specifically addressed. However, the staff has
determined that all the concerns and 1ssues identified in GL 89-10 and its supplements
that relate to tests, analyses, and acceptance criteria to determine the adequacy of valve
design and to ensure the ability of MOVs to meet funcuional performance requirements
under all design basis conditions, including recovery from inadvertent valve
mispositioning, must be addressed to demonstrate the design basis capability of MOVs.
The staff has also determined that this issue should be addressed under a generic
inspections, tests, analyses, and acceptance criteria (ITAAC) rather than a combined
license (COL) action item. GE should develop an acceptable generic ITAAC for
demonstrating MOV capability, as discussed above.

GE Response:

The generic ITAAC for demonstrating MOV capability will be included in the applicable
sections in Amendment | to the Tier 1 Design Certification Document. The revised
ITAAC sections will be consistent will the ITAAC for demonstrating MOV capability
approved by the NRC for ABWR.



RAI Number: ECGB.2]
Question:

In the SSAR, GE has committed that the MOV equipment specificauons will require the

incorporation of the results of either in situ or prototype testing with full flow and

differenual pressure to verify the proper sizing and switch settings of the valves. GE also

committed that all SBWR safety-related piping systems will incorporate provisions for |
testing to demonstrate the operability of check valves under design basis conditions,

Based on operating experience, the stafl has determined that a similar commitment is
needed for the specifications for other power-operated valves to incorporate the results of
either in plant or prototype testing to verify design basis capability. Based on past
experience with estimating thrust and torque requirements and other parameters for
valve operaton, the stafl believes that this assurance cannot be provided by analytical
approaches alone and will require that proper sizing and adjustment of other power-
operated valves be verified by a generic ITAAC. GE should develop an acceptable

generic ITAAC for demonstrating the capability of other power-operated valves.

GE Revised Response:

The SBWR SSAR submittal dated February 28, 1993 included ITAACs for safety-related
valves based on discussions with the NRC staff 1o develop the ABWR ITAACs. The SBWR
ITAACs are intended to follow the agreements reached in these discussions where
applicable and will be revised as further agreements are reached on the scope and
methods for demonstrating the capability of safety-related valves.



RAI Number: ECGB.22
Question:

Several piping systems connected to the reactor coolant pressure boundary have design
pressures below the rated reactor coolant systern (RCS) pressure. Also some systems that
are rated at full reactor pressure on the discharge side of pumps have pump suction
pressure below RCS pressure. To protect these systems or portions of systems from RCS
pressure, two or more isolation valves are placed in series to form the interface between
the high-pressure RCS and the low-pressure system. The leak tight integrity of these
valves must be ensured by periodic leak testing to prevent exceeding the design pressure
of the low-pressure systems.

In SSAR Section 3.9.6, GE stated that the periodic leak testing of the RCS pressure
isolation valves (PIV) in Table 3.9.8 will be performed in accordance with Chapter 16
surveillance requirement (SR) 3.6.1.5.10. The referenced SR appears to be incorrectly
identified and the correct section should be SR 3.4.3.1. SR 3.4.3.1 states that the RCS PIV
leak testing frequency will be in accordance with inservice testing program or once per
refueling interval.

However, it should be noted that the above-referenced inservice testing program (SSAR
Table 3.9.8) will not be submitted by GE until February 28, 1993. Therefore, the staff's
review of this issue cannot be completed at this time. GE is requested to provide a list of
RCS PIVs. Moreover, the staff has determined that the leak testing frequency as stated in
SR 3.4.3.1 is not fully acceptable for SBWR. GE is requested to address other leak testing
frequencies that are contained in several of the standard TS and currently implemented
by many operating plants. Those frequencies include leak testing prior to entering Mode
2 whenever the unit has been in Mode 5 for 7 days or more, if leak testing has not been
performed in the previous 9 months, and leak testing within 24 hours following valve
actuation due to automatic or manual action or flow through the valve.

GE Response:
A list of RCS PIVs is included in Table 3.9-8 Inservice Testing.

The leak testing frequencies as referenced in SR 3.4.3.1 are the same as those in NUREG
1434, Rev. 0 which has been the basis for these Technical Specifications. The
requirement to perform leak testing at the frequencies addressed in this RAI first
appeared in an NRC letter to all LWR licensees, dated February 23, 1980. The
requirements resulted from the WASH-1400 Study, however, this study concluded that
acceptable methods to assure component integrity not only included performing leak
tests at these two frequencies, but also included continuous pressure monitoring on the
low pressure side of each check valve. The current SBWR design includes this continuous
pressure monitoring and current Technical Specifications were not modified to require
these two frequencies. Thus, as specified in the NRC letter, continuous pressure
monitoring on the low pressure side of the susceptible check valves are part of current
plant design and do not need to be included in the Improved Technical Specifications.



SSAR Section 3.9.6 will Le revised in Amendment 1 (see attached) to state that periodic
leak testing will be performed in accordance with Chapter 16 SR 3.4.3.1.
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requirements for safety-related valves including those listed in the technical
specifications (Chapter 16) and the containment isoladon system (Subsection 6.2.4.)
For example, the periodic leak testing of the reactor coolant pressure isolation valves in
Fubte3-38Table 3,98 will be performed in accordance with Chapter 16 Surveillance
Requirement $R3-8-4-5-405R3 4 3.1 This plan will include baseline pre-service tesung
to support the periodic inservice testing of the components. Depending on the test
results, the plan will provide a commiunent to disassemble and inspect the safety-related
valves when the OM Code limits are exceeded, as described in the following paragraphs.
The primary elements of this plan, including the requirements of Generic Letter 89-10
for motor operated valves, are delineated in the subsections to follow. (Refer to
Subsection 3.9.7.8 for COL license information requirements.)

3.9.6.1 Inservice Testing of Safety-Related Valves

L

in
L1

Check Valves

All SBWR safery-related piping systems incorporate provisions for testing to
demonstrate the operability of the check valves under design conditions. Inservice
tesing will incorporate the use of advance non-intrusive techniques 0 periodically
assess degradation and the performance characteristics of the check valves. The
Subsection ISTC tests will be performed, and check valves that fail to exhibit the
required performance can be disassembled for evaluation. The Code provides critena
limits for the test parameters identified in Table 3.8-9. A program will be developed by
the applicant referencing the SBWR design to establish the frequency and the extent of
each disassembly. The program may be revised throughout the plant life to minimize
disassembly based on past disassembly experience. (Refer to Subsecton 3.9.7.3(1) for

COL license information requirements.)

Motor Operated Valves

The motor uperated valve (MOV) equipment specifications require the incorporation
of the results of either in-itu or prototype testing with full flow and pressure or full
differential pressure to verify the proper sizing and correct switch settings of the valves.
Guidelines to justify prototype testing are contained in Generic Letter 89-10,
Supplement 1, Questions 22 and 24 through 28. The applicant referencing the SBWR
design will provide a study to determine the opumal frequency for valve stroking dunng
inservice testing such that unnecessary testing and damage is not done to the valve as a
result of the testing. (Refer to Subsection 3.9.7.3(1) for COL license information

requirements).

The concerns and issues identified in Generic Letter 89-10 for MOVs will be addressed
prior to plant startup. The method of assessing the loads, the method of sizing the
actuators, and the setting of the torque and limit switches, will be specifically addressed.
(Refer to Subsection 3.9.7.3(1) for COL license informauon requirements. )

Mechanicai Systems anc Components — Amengment T DRAF



RAI Number: ECGB.23
Question:

In SSAR Section 3.9.6, GE stated that IST of safety-related pumps and valves will be
performed in accordance with the requirements of ASME OM Code 1990, Subsections
ISTB, ISTC, and Appendix I. It should be noted that Subsections ISTB and ISTC of the
ASME OM Code 1990 are essentially the same as OM Standards Part 6, “Inservice Testing
of Pumps,” and Part 10, “Inservice Testing of Valves,” respectively. However, OM
Standards Part 6 and Part 10 are referenced in Section XI of the 1988 Addenda and 1989
Edition. The 1988 Addenda and the 1989 Edition of Section XI have been incorporated
by reference into 10 CFR 50.55a and are acceptable for the passive LWR IST provided the
analysis of leakage rates and corrective action requirements of Paragraphs 4.2.2.3(e) and
4.2.2.3(f) of Part 10 are applied to containment isolation valve testing. Therefore,
Section 3.9.6 should be revised to refer the 1988 Addenda and 1989 Edition.

GE Response:

The ASME Board on Nuclear Codes and Standards recognized that OM is the
appropriate committee to establish inservice testing (IST) requirements, with the
objective of eventual deletion of IST from Section XI of the ASME Boiler and Pressure
Vessel Code. As correctly identified by the NRC, the relevant sections of both the ASME
OM Code 1990 and Section XI of the 1988 Addenda and the 1989 Edition of the ASME
Code are the same.

As noted in the February 1992 issue of the SSAR, the IST program plan is based on ASME
OM Code 1990, Subsections ISTB and ISTC and Appendix 1. Containment isolation
valve testing is covered by Subsection ISTC, Paragraph 4.3.2 of ASME OM Code 1990 and
by Section 6.2.6.3 of the SSAR, and is controlled by surveillance Requirement SR 3.6.1.3.7
of the Technical Specifications. SR 3.6.1.3.7 limits containment isolation valve combined
leakage to a total of 0.227 m3/hr (1 gpm) times the total number of CIVs hydro-statically
tested lines that penetrate the containment when the isolation valves are tested at 1.1
times the peak calculated containment pressure. Therefore, the additional leakage rate
requirements specified in Paragraphs 4.2.2.3(e) and 4.2.2.3 (f) of Part 10 of the 1988
Edition of the OM Standard are not required.
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RAI Number: ECGB.24
Question:

Regarding SSAR Section 3.7, “Seismic Design.” the seismic Category I systems and
components are designed to remain functional for earthquake loadings. Provide the
basis for why this section of the SSAR does not address the structural integrity of the
systems and components.

GE Response:

Section 3.7 of the SSAR will be revised in Amendment | to state that Seismic Category 1
structures, systems and components (SCC) are designed to remain functional during and
subsequent to a design basis earthquake (see attached). Therefore, all Seismic Category |
SCC are designed to retain their structural integrity as necessary to perform their
intended function(s).

e e L e e e R e
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3.7 Seismic Design

For seismic design purposes, all structures, systems, and components of the Simplified
Boiling Water Reactor (SBWR) standard plant are classified into Seismic Category 1
(C-1). Seismic Category 11 (C-1), or Non-Seismic (NS) in accordance with the
requirements to withstand the effects of the Safe Shutdown Farthquake (SSE) as
defined in Sectuion 3.2, For those C-1 and C-11 structures, systems, and components in
the reactor building complex, the effects of other dynamic loads caused by reactor
building vibration (RBV) caused by suppression pool dynamics are also considered in
the design. Although this section addresses seismic aspects of design and analysis in
accordance with Regulatory Guide 1.70, the methods of this section are also applicable
to RBV dvnamic loadings, unless noted otherwise.

The safe shutdown earthquake (SSE) is that earthquake which is based upon an
evaluation of the maximum earthquake potential considering the regional and local
geology, seismology. and specific characteristics of local subsurface material. It is that
earthquake which produces the maximum vibratory ground motion for which Seismic
Category | structures, systems, systems-and components are designed to remain
functional. These systems and components are those necessary to ensure the following:

s the integrity of the reactor coolant pressure boundary,
® the capability to shut down the reactor and maintain it in a safe condition; and

® the capability to prevent or mitigate the consequences of accidents that could result
in potential off-site exposures comparable to the guideline exposures of 10CFR100.

Seismic Category 11 (C-) includes all plant structures, systems, and components which
perform no safety-related function, and whose continued function is not required, but
whose structural failure or interaction could degrade the functioning of a Seismic
Category [ structure, svstem, or component to an unacceptable safety level, or could
result in incapacitating injury to occupants of the control room. Thus, this category
includes the structures, systems and components whose structural infegrity, not thewr
operational performance, is required. Seismic Category Il structozes, svstems, and
components are designed and/or so physically arranged so that the SSE vould not
cause unacceptable structural interaction or failure. For fluid systems, this requires an
appropriate level of pressure boundary integrity when located near sensitive
equipment. Appropriate seismic ductility factors are selected for design to take credit
for realistic amounts of energy dissipation in G-Il items. Seismic Category 11 (CA1) items
are those corr~sponding o positions C.2 and C.4 of Regulatory Guide 1.29.

Non-seismic structures and equipment are those which do not fall into Seismic Category
I or Il definitions. NS structures and equipment are designed for seismic requirements
in accordance with the Uniform Building Code for Zone 2A. The building structures

Seismic Design ar



RAI Number: ECGB 25

Question:

SSAR Section 3.7 states that the exhaust stack is classified as non-safety-related. Provide
the basis for how postulated failures of this structure would not affect the function or
integrity of any safety-related component or structure.

GE Response:
See Response to ECGB-9.



RAI Number: ECGB.26
Question:

Regarding Figures 3.7.1 and 3.7.2 in SSAR Section 3.7.1.1.2, “Design Time History,” show
the design response spectra for damping ratios of 2, 5, 7, and 10 percent. However,
Figures 3.7.6 through 3.7.17 show the spectra enveloping for damping ratios of 2, 3, 4,
and 7 percent. What is the basis for not showing that Figures 3.7.1 and 3.7.2 should
reflect 3 and 4 percent damping response spectra values and 5- and 10-percent damping
ratios for Figures 3.7.6 through 3.7.177 The staff believes it is not acceptable for GE to
use the 5- and 10-percent damping ratios in the analysis and design of structures, systems,
and components, if the design time history cannot satisfy the enveloping criteria for these
two damping ratios. Also, please show (or provide the basis for not including) the power
spectrum density function enveloping condition for the vertical time history.

GE Response:

1) Figures 3.7.1 and 3.7.2 will be revised in Amendment 1 of the SSAR to show damping
values of 2%, 3%, 4%, 5%, and 7%.

2) The SRP does not require power spectral densities (PSD) for vertical accelerations;
however, these will be provided in Amendment 1 of the SSAR.
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RAI Number: ECGB.27
Question:
Regarding SSAR Section 3.7.1.2, “Percentage of Critical Damping Values,” what is the

basis for not showing or listing the damping values for the electrical components such as
cable trays, conduit, heating, ventilation, and air conditioning, etc?

GE Response:

SBWR will follow the industrial practice and the development being conducted by ASCE,
ASME and EPRI for a set of damping values for cable trays, conduit, and HVAC duct.
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RAI Number: ECGB.28
Question:

Regarding SSAR Secuon 3.7.2.1.1, “Time History Method,” what is the definition for the
term “highest frequency (or shortest period) of significant,” and why is this not defined
in the SSAR?

GE Responsc:

The term “Highest frequency (or shortest period)of significance” is provided in the last
paragraph of Section 3.7.2.1.1 on Fage 3.7-5,



RAI Number: ECGB.29
Question:

What is the basis for the following sta.cinent contained in SSAR Section 3.7.2.1.17 “For
the frequency domain solution, the frequency interval is selected to accurately define the
transfer fimctions at structural frequencies within the range of significant.”

GE Response:

The SSAR Section 3.7.2 1.1 contains the following statement “For the frequency domain
solution, the frequency interval is selected to accurately define the transfer functions at
structural frequencies within the range of significance.” The basis for this statement is
contained within the Standard ASCE 4-86 “Seismic Analysis of Safety-Related Nuclear
Structures and Commentary on Standard for Seismic Analysis of Safety-Related Nuclear
Structures” dated September 1986. The section of ASCE 4-86 that the above referenced
statement was obtained is Section 3.2.4(b) “The frequency interval shall be selected to
accurately define the transfer functions at structural frequencies.”



RAI Number: ECGB.30
Question:

Regarding SSAR Section 3.7.2.3, “Procedures Used for Analytical Modeling,” what is the
basis for not including in the seismic analysis the lump mass to the node points and the
consideration of the dynamic effects such as water sloshing, etc.?

GE Response:

The lumped mass is included in the seismic analysis at node points, and consideration
has been given to the hydrodynamic coupling effects. The fourth paragraph of Section
3.7.2.3 provides this information. The water sloshing effects on structures will also be
included in the design.
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RAI Number: ECGB.3]
Question:

Regarding SSAR Section 3.7.2.5, “Development of Floor Response Spectra (FRS),” what is
the basis for justifving the acceptability of the direct generation method of the FRS?

GE Response:

The Standard Review Plan (SRP) 3.7.2 allows the use of direct generation of floor
response spectra (FRS) on a case-by-case approval. The reference 3.7.1 provides the
technical basis for the acceptability of this direct generation of FRS.



RAI Number: ECGB.32

Question:

Regarding SSAR Section 3.7.2.7, “Combination of Modal Responses,” please clarify why
the combination methods discussed in this section are also applicable for the modal time
history analysis.

GE Response:

Section 3.7.2.7 is limited to Response Spectrum Method.
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RAI Number: ECGB.33

Question:

Regarding SSAR Section 3.7.2.14, "Dynamic Stability of Seismic Category I Structures,”
please provide the basis for not discussing the problem of dynamic instability of seismic
Category I structures due to sliding.

GE Response:

The discussion of the problem of .ynamic instability of seismic Category 1 structures due
to sliding 1s provided in Appendix 3E.7.6 “Foundation Stability.”



Question:

Regarding SSAR Section 3.7.3.12, "Seismic Category I Buried Piping, Conduits, Conduits
and Tunnels,” please explain the difference between the seismic Category I features and
the seismic Category C-I features.

1
|
|
|
RAI Number: ECGB. 34 !
|
|

GE Response:

There is no difference between seismic Category 1 features, and the seismic Category C-1
features as discussed in Section 3.7.3.12.



RAI Number; ECGB.35

Question:

Regarding SSAR Section 3.B.6, “Soil-Structure Interaction,” please provide the basis for
not documenting the validaton and quality assurance status of the modified SASSI code
which is to be used for the analysis of the SBWR structures.

GE Response:

The computer code SASSI used for the analysis of soil-structure interaction for the SBWR
was validated and the quality assurance of the program and the computed results are
described in Section 3b.1. The CRAY version provided to GE, identified as GE ECP
SASSIOLS, installed on the GE computer system, contains the same modifications and
enhancements that were made to the Bechtel CRAY version, and this improved version
was verified against published benchmark results. As stated carlier, all verification
documentation is controlled and has been completed. For SBWR application, this
version of the code was installed on Los Alamos National Lab Computer System and code
revalidation was performed and solutions were found to be the same as those obtained
from SASSIOLS on the GE computer swstem.



RAIl Number: ECGB.36

Question:

Regarding SSAR Section 3.7 4, “Seismic Instrumentation,” Subsection 3.7.4.1 states that
the number of time-history accelerographs (THAs) contained in the plant will be
consistent with the number of THAs contained in draft NRC RG DG-1016 (a proposed
revision to RG 1.12). Draft RG DG-1016 suggests that a plant be equipped with 8 THAs.
SSAR Subsections 3.7.4.2 and 3.7.4.3 state that the plant will be equipped with 4 triaxial
THAs. Please provide the basis for this apparent inconsistency.

GE Response:

The Reactor Building and Containment Structure are incorporated into one integral
structure in the SBWR plant design, and the location of the four triaxial THAs meets the
requirements of the draft RG-DG-1016. Duplication of THAs within the Reactor
Building/Containment Structure would provide no additional information, but would
greatly contribute to increased maintenance, testing and ALARA costs.
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RAI Number: ECGB.37
Question:

Regarding SSAR Section 3.8, “Design of Seismic Category I Structures,” please provide
the basis for not including detailed structural drawing in the SSAR.

GE Response:

Detailed structural drawings were included in the February submittal of the SSAR. Please
refer to Volume 15, Drawings 21.3.8-1 through 21.3.8-25.
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RAI Number: ECGB.38

Question:

Regarding SSAR Section 3.8, American National Standards Institute /American Institute
of Steel Construction (ANSI/AISC) N690 Specifications and ASCE 4-86 have not vet been
accepted by the staff. Please provide the basis for the commitment to use these
standards.

GE Response:

The overly conservative seismic design requirements that exist in many regulations has
contributed to the overall lack of safety margins for the plant. A good example of this
excess conservatism is found in the seismic design of piping systems, which has resulted in
inflexible piping with very high stresses for normal operating conditions; this, in turn,
contributes to ancillary problems such as stress corresion cracking and high fatigue
usage. Hence, the use of a more realistic, but still conservative, approach as defined by
the ANSI/AISC N690 and ASCE 4-86 Codes will result in increzsed plant safety margins.



RAI Number: ECGB.39
Question:

Regarding SSAR Section 3.8.1.7, “Design and Analysis Procedures,” please provide the
definition of a “critical location” and the criteria for the selection of “critical locations.”

GE Response:

The definition of “critical location” as used in the SSAR Section 3.8.1.7, is that location or
section in the analysis model which experiences the highest stresses or forces. There may
be several different “critical locations” in a wall, beam or slab depending on the lcads and
loading combinations, each of which is evaluated. These evaluations determine the
amount of rebar and the stresses in concrete and reinforcement for reinforced concrete
elements; and determine the stresses in structural steel elements. The process of
determining these critical sections is a combination of computer analysis results which
show deformed shapes and stresses, engineering experience, and evaluations during the
preliminary design phase. The use of this approach ensures the design is both
conservative and economic.




RAI Number: ECGB .40

Question:

Regarding SSAR Section 3.8.1.7, “Design and Analysis Procedures,” please provide the
basis for not including detailed procedures for the reinforced concrete containment
vessel (RCCV) analysis and design in the SSAR.

GE Response:

The detailed proce ures referenced in the SSAR Section 3.8.1.7, “Design and Analysis
Procedures” for the reinforced concrete containment vessel (RCCV) analysis and design
are provided in Appendix 3E in the February 1993 submittal to the NRC.




RAI Number: ECGB.41
Question:

Regarding SSAR Section 3.8.3.1, “Description of the Internal Structures,” the inner
periphery radius of the diaphragm floor of 7.65m documented in the section is different
from the radius of 7.8m, as shown in SSAR Figure 21.1.2-2, Sheet 2. Please explain this
apparent inconsistency.

GE Response:
The inner periphery radius of the diaphragm floor is 7.65m, as documented in the SSAR

Section 3.8.3.1. The dimension of 7.8m as shown in Figure 21.1.2-2 will be revised to
7.65m in Amendment 1 of the SSAR






RAI Number: ECGB .43

Question:

Regarding SSAR Section 3.3.1, equation (3.3-1), GE states, “Importance factor | de"pends
on the type of exposure and appropriate values of | are listed in SSAR Table 3.3-1.
However, this definition of 1 is not consistent with that in Reference 3.3-1 which states
that Importance Factor | is used to adjust the design wind speed to that with annual
probabilities of being exceeded other than the value 0.02 (i.e., 50-year recurrence). This
factor converts the wind speed of a 50-year recurrence to either a 25-year or 100-year
recurrence and this does not depend on the type of exposure. Explain this discrepancy
in applying this factor.

GE Response:

The importance factor is not a function of the type of exposure. Table 3.3-1 was
incorrectly labeled. Table 3.3-1 will be revised in Amendment 1 (see attached) to
indicate an importance factor of 1.00 for non-safety-related structures and an importance
factor of 1.11 for safety-related structures,
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Table 3.3-1 Importance Factor (i) for Wind Loads

r
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1.00

mm
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RAI Number: ECGB.44
Question:

Regarding SSAR Tabie 3.3-2, this table lists the velocity pressure distribution and gust
factors at various heights without providing the mean roof heights. Therefore, provide or
explain the following.

* Provide the mean roof height above grade for the Reactor Building
* Explain why the windward wall pressure is 0.86Ghgh instead of 0.8Ghqz

¢ Provide the calculations for the values listed in this table and explain how this table is
used

GE Response:

SSAR Section 3.3 will be revised in Amendment | of the SSAR 1o be consistent with the
Subsection 2.3.1 wind velocity (see attached). SSAR Table 3.3-2 will be revised in
Amendment 1 of the SSAR (see attached). SSAR Table 3.3-2 provides the velocity
pressure distribution at various heights above grade level to enable design engineers to
determine quickly and efficiently the structural effects of wind loadings for the Reactor
Building.

The maximum roof height of the Reactor Building is 39.5 meters (129.3 feet) above
grade. Since the roof is basically a flat roof and because using the maximum height
increases the loads, the Reactor Building roof is used as the mean roof height above
grade.

The windward wall pressure is a function of “qz” rather than “gh” and Table 3.3-2 has
been revised accordingly (see attached).

A discussion of the development and use of Table 3.3-2 is provided in Section 3.3.1.2.
Notes will be added to Table 3.3-2 in Amendment 1 of the SSAR to further explain its use
(see attached).

i
|
1
|
|
]
1
|
|
4
|
1
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2.0 Site Characteristics

I'he site characteristics informauon will be provided in the combined operating license
(COL) applicant’s Safety Analysis Report (SAR) in accordance with 10CFR52.79. {See
Subsection 2.7.1 for COL applicant license information requirements.) Sections 2.1
through 2.5 of this chapter, which has the same format as Chapter 2 of NUREG-0800
standard review plan (SRP). define the limits imposed on the SRP Section 1l acceptance
criteria by (1) the envelope of siterelated parameters that the Simplified Boiling Wiater
Reactor (SBWR) plant is designed 1o accommodate, and (2) the assumptions, both
implicit and explict, related to site characteristics employed in the evaluation of the
SBWR design.

2.1 Geography and Demography
2.1.1 Site and Location Description
T
2.1.2 Exclusion Area Authority and Control
None
2.1.3 Population Distribution
None.
2.2 Nearby Industrial, Transportation, and Military Facilities
2.2.1-2.2.2 \dentification of Potential Hazards in Site Vicinity

None

2.2.3 Evaluation of Potential Accidents
None

2.3 Meteorology

2.3.1 Regional Climatology

[he basic speed of extreme winds used for design of structures is 49.2m /s (110 mph) at
an elevation of 10m (33 feet) above grade, and it has a recurrence interval of 50 years

Geography and Demography — Amendment 1 DRAFT 2113
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3.3 Wind and Tornado Loadings

SBWR Standard Plant structures which are Seismic Category I and Il are designed for
tornado and extreme wind phenomena.

3.3.1 Wind Loadings

3.3.1.1 Design Wind Velocity

Seismic Category 1 and 11 structures are designed to withstand a design wind velocity

described in SSAR-Subsecaon-2did SSAR Subsection 2.3 | sren-elevatron-ob-dd-m(33-
foet-abovegradewith-arecrepeesterval-obtdbvenrs. Refer to Subsection 335 for

interface requirement.

3.3.1.2 Determination of Applied Forces

The design wind velocity is converted to velocity pressure in accordance with
Reference 3.3-1 using the formula:

qz = 0.00256Kz (1V)* (3.31)

where:

Kz = the velocity pressure exposure coefficient which depends upon
the type of exposure and height (z) above ground per Table 6 of
Reference 3.3 | converted-tosmetrie-tnmy,

I = the importance factor which depends on the type of exposure;
appropriate values of I are listed in Table 8.3-1;

Vv = design wind velocity_nph; and

qz = velocity pressure w-MBa(psf).

The velocity pressure (qz) distribution with height for exposure types C and D of

Rcfercmc 3 81 are gwen in Table % S-QMMMM

t B'B'I!"

The design wind pressures and forces for buildings, components and cladding, and
other structures at various heights above the ground are obtained, in accordance with
Table 4 of Reference 3.3-1 by multiplving the velocity pressure by the appropriate
pressure coefficients and gust factors. Gust factors are in accordance with Table 8 of
Reference 3.3-1. Appropriate pressure coefficients are in accordance with Figures 2, 3a,
3b, 4, and Tables 9 and 11 through 16 of Reference 3.3-1. Reference 3.3-2 is used to
obtain the effective wind pressures for cases which Reference 3.3-1 does not cover. Since

Wind and Tornado Loadings — Amendment 1 DRAFT 331



2545113 Rev. A
SBWR Standard Safety Analysis Report

the Seismic Category I and Il structures are not slender or flexible, vortex-shedding
analysis is not required and the above wind loading is applied as a static load.

3.3.2 Tornado Loadings
3.3.2.1 Applicable Design Parameters

The design basis tornado and applicable missiles are described in Subseeton-g-2-+
Subsecuo

Refer to Subsection 3.8.3 for COL License Information

3.3.2.2 Determination of Forces on Structures

The procedures of transforming the tornado loading into effective loads and the
distribution across the structures are in accordance with Reference 3.3-3. The
procedure for transforming the tornado-generated missile impact into an effective or
equivalent static load on structures is given in Subsection 8.5.3.1. The loading
combinations of the individual tornado loading components and the load factors are in
accordance with Reference 3.3-3.

The reactor building is not a vented structure. The exposed exterior roofs and walls of
this structure are designed for the full pressure drop. Tornado dampers are provided
on all air intake and exhaust openings. These dampers are designed to withstand the
full negative pressure drop.

3.3.2.3 Effect of Failure of Structures or Components Not Designed for Tornado Loads

All safety-related system and components are protected within tornado-resistant
structures.

3.3.3 COL License Information

Site-Specific Design Basis Wind and Tornado
The site-specific design basis wind and tornado shall not exceed the wind given in

Effect of Remainder of Plant Structures, Systems, and Components not
Designed for Tornado Loads

All remainders of plant structures, systems, and components not designed for tornado
loads shall be analyzed for the site-specific loadings to ensure that their mode of failure
will not affect the ability of the Seismic Category I and I SBWR Standard Plant
structures, systems, and components to perform their intended funcuons. (Refer to
Subsection 3.3.2.8.)

332 Wind and Tornado Loadings — Amendment 1 DRAFT
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3.3.4 References

331 Advb-Srandard-As%4-ASCE Standard 7- 1988 Minimum Design Loads for
Buildings and Other Structures, Committee A. 58.1, American National
Standards Institute

%.3.2 ASCEF Paper No. 3269, Wind Forces on Structures, Transactions of the
American Society of Civil Engineers, Vol. 126, Part 11.

3.5.3 Bechtel Topical Report BC-TOP-3-A, Revision 3, Tornado and Extreme Wind
Design Criteria for Nuclear Power Plants.

Wind snd Tornado Loadings — Amendment 1 DRAFT 333
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Table 3.3-1 Importance Factor (I) for Wind Loads
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[ Windward Wall Leeward Wall |
| Pressure Side Wall Suction Roof Suction Suction
i Height Zone 2 0.8Ghqz 0.7Ghgh 0.7Ghgh 0.5Ghgh
'[ mift) Palpsf) Palpsf) Palpsf) Pa(psf)
;r Exposure Type C
|0-457 (0-15) 1544 (32) 2507 (52) 2507 (52) 1791 (37)
16.10 (20) 1641 (34) 2450 (51) 2450 (51) 1750 (37)
|7.62 (25, 1727 (36) 2412 (50) 2412 (50) 1723 (36)
19.14 (30) 1805 (38) 2393 (50) 2393 (50) 1710 (36)
112,19 (40) 1906 (40) 2336 (49) 2336 (49) 1669 (35)
| 15.24 (50) 1999 (42) 2298 (48) 2298 (48) 1642 (34)
18.29 (60) 2088 (44) 2279 (48) 2279 (48) 1628 (34)
21.34 (70) 2157 (45) 2260 (47) 2260 (47) 1615 (34)
24.38 (80 2225 (47) 2241 (47) 2241 (47) 1601 (33)
127.43(90) 2292 (48) 2222 (46) 2222 (46) 1587 (33)
| 30.48 (100) 2340 (49) 2203 (46) 2203 (46) 1574 (33)
| 36.58 (120) 2438 (51) 2184 (46) 2184 (46) 1560 (33)
42.67 (140) 2533 (53) 2165 (45) 2165 (45) 1547 (32)
48.77 (160) 2610 (56) 2146 (45) 2146 (45) 1533 (32)
Exposure Type D
|0-4.57 (0-15) 2017 (42) 2707 (57) 2707 (57) 1993 (40)
16.10 (20) 2117 (44) 2683 (56) 2683 (56) 1917 (40)
7.62 125) 2181 (46) 2660 (56) 2660 (56) 1900 (40)
9,14 (30) 2243 (47) 2636 (55) 2636 (55) 1883 (39)
112.19 (40) 2369 (50) 2613 (55) 2613 (55) 1866 (39)
15,24 (50) 2444 (51) 2589 (54) 7588 (54) 1849 (29)
18.29 (60) 2518 (53) 2565 (54) 2565 (54) 1832 (38)
21.34 (70) 2574 (54) 2542 (53) 2542 (53) 1816 (38)
24.38 (80) 2637 (58) 2542 (53) 2542 (53) 1816 (38)
27.43 190) 2675 (56) 2518 (53) 2518 (53) 1799 (38)
30.48 (100) 2737 (87) 2518 (53) 2518 (53) 1799 (38)
36.5. [120) 2805 (59) 2495 (52) 2429 (52) 1782 (37)
42.67 (140) 2870 (60) 2471 (52) 2491 (52) 17656 (37)
14877 (160) 2947 (60) 2471 (52) 2471 (52) 1765(37) |

Wind and Tornado Loadings - Amendment 1 DRAFT
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Table 3.3-2b_Design P Distributi adid s b s
Non-Safety-Related Structures (Importance Factor = 1.00)

Windward Wall Leeward Wall
Pressure Side Wall Suction Roof Suction Suction
Height Zone z 0.8Ghgz 0.7Ghgh 0.7Ghgh 0.5Ghgh
mift) Paipsf) Palpsf) Palpsf) Palpsf)
Exposure Type C
0-4.57 (0-15) 1253 (26) 2035 (43) 2035 (43) 1454 (30)
6.10 (20) 1332 (28) 1989 (42) 1989 (42) 1421 (30}
7.62 (25) 1401 (29) 1958 (41) 1958 (41) 1399 (29)
19.14 (30) 1465 (31) 1943 (41) 1943 (41} 1388 (29)
; 12.19 (40) 1547 (32) 1869 (40) 1868 (40) 1355 (28)
| 15.24 (50) 1622 (34) 1865 (39) 1865 (39) 1332 (28)
18.29 (60) 1694 (35) 1850 (39) 1850 (39) 1321 (28)
121.34 (70) 1751 (37) 1835 (38) 1835 (38) 1310 (27)
| 24.38 (80) 1806 (38) 1819 (38) 1819 (38) 1299 (27)
E 27.43 (90) 1860 (39) 1804 (38) 1804 (38) 1288 (27)
30.48 (100) 1899 (40) 1778 (37) 1778 (37) 1277 (27)
36.58 (120) 1979 (41) 1773 (37) 1773 (37) 1266 (26)
42.67 {140) 2056 (43) 1758 (37) 1758 (37) 1255 (26)
48.77 (160) 2118 (44) 1742 (36) 1742 (36) 1240 (26)
Exposure Type D
0-4.57 (0-15) 1637 (34) 2197 (46) 2197 (46) 1569 (33)
!s.w (20) 1718 (36) 2178 (46) 2178 (46) 1556 (33)
7,62 (25) 1770 (37) 2159 (45) 2159 (45) 1542 (32)
}9,14 (30) 1821 (38) 2140 (45) 2140 (45) 1628 (32)
112.19 (40) 1923 (40) 2120 (44) 2120 (44) 1515 (32)
' 15.24 (50) 1984 (41) 2101 (44) 2101 (44) 1501 (31)
; 18.29 (60) 2043 (43) 2082 (43) 2082 (44) 1487 (31)
121.34(70) 2089 (44) 2063 (43) 2063 (43) 1474 (31)
1 24.38 (80) 2140 (45) 2063 (43) 2063 (43) 1474 (31)
| 27.43 (80) 2171 (45) 2044 (43) 2044 (43) 1460 (31)
|30.48 (100) 2222 (46) 2044 (43) 2044 (43) 1460 (31)
36.58 (120) 2276 (48) 2025 (42) 2025 (42) 1446 (30)
| 42.67 (140} 2330 (49) 2006 (42) 2006 (42) 1443 (30) |
4877 (160) 2392 (50) 2006 (42) 2006 (42) 1433 (30) 3
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RAI Number: ECGB 45

Question:

Regarding SSAR Section 3.3.3, “COL license information,” the site-specific design basis
tornado part is missing. The site-specific design basis wind is provided in SSAR Section
2.3.1 (not 2.2.1).

GE Response:

The SSAR Section 3.3.3, COL License Information. will be revised in Amendment 1 of
the SSAR (see attached) to read as follows:

and Tornado

The site-specific design basis wind and tornado shall not exceed the wind ard tornado
given in Subsection 2.3.1.7
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3.3.2 Tornado Loadings
3.3.2.1 Applicable Design Parameters

The design basis tornado and applicable missiles are described in Subsection 2.2.1.
Refer 1o Subsection 3.3.3 for COL License Information.

3.3.2.2 Determination of Forces on Structures

The procedures of transforming the tornado loading into effective loads and the
distribution across the structures are in accordance with Reference 3.3-3. The
procedure for transforming the tornadogenerated missile impact into an effective or
equivalent static load on structures is given in Subsection 3.5.3.1. The loading
combinations of the individual tornado loading components and the load factors are in
accordance with Reference 3.3-3.

The reactor building is not a vented structure. The exposed exterior roofs and walls of
this structure are designed for the full pressure drop. Tornado dampers are provided
on all air intake and exhaust openings. These dampers are designed to withstand the
full negative pressure drop.

3.3.2.3 Effect of Failure of Structures or Components Not Designed for Tornado Loads

All safetv-related svstem and components are protected within tornado-resistant
structures.

3.3.3 COL License Information

Site-Specific Design Basis Wind and Tornado
The sitespecific design basis wind shall not exceed the wind and tornado given in

Effect of Remainder of Plant Structures, Systems, and Components not
Designed for Tornado Loads

All remainders of plant structures, systems, and components not designed for tornado
loads shall be analyzed for the site-specific loadings 1o ensure that their mode of failure
will not affect the ability of the Seismic Category | and 11 SBWR Standard Plant
structures, systems, and components to perform their intended functions. (Refer o
Subsection 3.32.8.)
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RAI Number: EELB.2
Question:

If not addressed in the forthcoming SSAR Section 1.8, “Interfaces for Standard Design,”
and Section 1.9, “Conformance with Standard Review Plan,” then please provide an
explanation and how the SBWR incorporates into the design the policy issues discussed
in SECY-90-016, “Evolutionary Light Water Ruuor (LWR) Cerufication Issues and Their
Relationship to Current Regulatory Requirements,” and the draft Commission paper
dated February 27, 1992.

GE Response:
Introducuon

SECY-90-016, “Evolutionary Light Water Reactor (LWR) Certification Issues and Their
Relationship 1o Current Regulatory Requirements,” dated January 12, 1990, and the draft
Commission paper dated February 27, 1992, idenuly several policy and significant
technical issues pertaining to evolutionary and passive light water reactors (LWRs) and
the NRC staff’s recommendations concerning resolution of those issues for which the
staff has completed its review. These issues are not addressed in either SSAR Section 1.8
or 1.9, but, rather, are presented herein.

The 1ssues considered by the staff to be significant to reactor safety are listed below:
I SECY90-016 Issues

Use of physically based source term

Anticipated transients without scram (ATWS)
Mid-loop operation

Station blackout

Fire protection

Intersystem loss-of<coolant-accident

Hydrogen control

Core concrete interaction — ability to cool core debris
High-pressure core melt ¢jection

Containment performance

Dedicated containment vent penetration
Equipment survivability

Elimination of operating basis carthquake (OBE)
Inservice testing of pumps and valves

ZErRemnammoowEp

1. Other Evolutionary and Passive Design Issues

A, Industry codes and standards

B. Electrical distribution

C. Seismic hazard curves and design parameters

D. Leak-before-break

E. Classification of main steamlines of boiling water reactors (BWRs)
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Tornado design basis

Containment bypass

Containment leak rate testing

Post-accident sampling system

Level of detail

Prototyping

Inspections, tests, analyses, and acceptance cniteria (ITAAC)
Rehability assurance program (RAP)

Site-specific probabilistic risk assessments

Severe accident mitigation design alternatves (SAMDAs)
Generic rulemaking related to design certficaton

ROZErRT IO

I1. Passive Design Issues Only

A, Regulatory treatment of non-safety systems

B. Definition of passive failure

C. Thermal-hydraulic stability of the simplified boiling water reactor (SBWR)
D. Safe shutdown requirements

E. Control room habitability

F. Radionuclide attenuation

G. Simplification of off-site emergency planning

The current SBWR positions on each of the above 1ssues are contained in the paragraphs
that follow, with each SBWR position preceded by a summary of each issue. Each issue is
identified (in brackets following the issue headings) using the same designations as in the
list above, which are consistent with the designations in the draft Commission paper
dated February 27, 1992,

Summary of Issue

As discussed in SECY-90-016, the staff’s methodology for determining compliance with
the siting requirements of 10CFR100 has been based on the source term provided in
Technical Information Document (TID)-14844, issued in 1962. This methodology is
widely acknowledged to utilize conservative assumptions.

EPRI proposed (in submittals dated October 18, 1990, and February 12, 1991) a
physically based source term to be used for the licensing design basis fission product
release based on a bounding severe reactor accident to be used for both the evolutionary
and passive reactor designs. The EPRI-proposed source terms use release data obtained
from the Severe Fuel Damage Tests at the Power Burst Facility, the LOFT source term
measurements, and data from the TMI-2 post-accident examination. EPRI proposed
changes in the assumptions concerning

the fission product fuel release magnitude, the fission product release timing, the
chemical form of iodine, the retention of aerosol in the reactor coolant, and the use of
the suppression pool and containment sprays for removal of aerosol and soluble gases.
For the passive designs, EPRI proposed that the source term also be based on
consideration of passive mitigation functions ana vstems such as steam condensation-



driven aerosol removal, main steam isolation valve leakage control, and secondary
building fission product leakage control.

At the time that the draft Commission paper dated February 27, 1992, was published, the
NRC staff was developing a revised source term based on source term calculations

rformed by the source term code package for individual accident sequences selected in
NUREG-1150, “Severe Accident Risks: An Assessment for Five US. Nuclear Power Plants,”
December 1990. The staff concluded that the fission product release source terms
proposed by EPRI and those being developed by the staff were very close for all
radionuclide groups, except tellurium and low~volatile elements. The reasons for and the
impact of the differences between Brookhaven National Laboratories’ (BNLs') and
EPRI's estimates for tellurium and the low-volatile elements were under review at the
time.

The staff was in the final stage of completing its proposed update of the TID-14844
source term, including fission product removal mechanisms within the containment.

SBWR Position

A related issue 1s addressed in Subsection 19H.2.56. The SBWR design basis source term
calculations are described in Subsection 15.6.5 and are based on EPRI-proposed source
terms identified in the Utilities Requirement Document (URD). The staff's proposed
update of the TID-14844 source term, documented in the June 1992 draft of NUREG-
1465, 1s currently out for comment.

Anticipated Transients Without Scram (ATWS) [LB]
Summary of Issue

As discussed in SECY-90-016, the ATWS rule (10CFR50.62) was promulgated to reduce |
the probability of an ATWS event and to enhance mitigation capability if such an event
occurred. ;

In its June 26, 1990, Staff Requirements Memorandum (SRM), the Commission approved
the stafl’s position that diverse scram systems should be provided for evolutionary
advanced light water reactors (ALWRs), but directed that, if the applicant can
demonstrate that the consequences of an ATWS are acceptable, the staff should accept
the demonstration as an alternative to the diverse scram system,

SBWR Position

A related issuc is addressed in Subsection 19H 2.5, The SBWR design includes diverse
scram systems. Analyses of ATWS events and design features for ATWS prevention and
mitigation incorporated in the SBWR Standard Plant design can be found in Section
15.8.

As described in Subsection 15.8.3.7, the results of the ATWS analyses demonstrate that
the proposed ATWS design for the SBWR is satisfactory in mitigating the consequences of
an ATWS.
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Mid- ration [1.C
Summoary of Issue

In SECY-90-016, the staff stated that it was concerned that decay heat removal capability
could be lost when a pressurized water reactor (PWR) 1s shut down for refueling or
maintenance and drained to a reduced reactor coolant system (RCS) or "mid-loop” level.
The staff’s position is that evolutionary pressurized water reactor (PWR) vendors propose
design features to ensure high reliability of the shutdown decay heat removal system. The
staff also concludes that passive plants must also have a reliable means of maintaining
decay heat removal capability during all phases of shutdown actsities, including refueling
and maintenance.

SBWR Positiom

Although this 1ssue 1s directed specifically to PWR vendors, the general issue regarding
decay heat removal capability during reactor shutdown, refucling, or maintenance will be
addressed here.

A related 1ssue 1s addressed in Subsection 19H.2.17. The SBWR Standard Plant design
provides for reliable decay heat removal capability during reactor shutdown by means of
diversity. As noted in Subsection 9.1.3.2.3, the Fuel and Auxiliary Pools Cooling System
(FAPCS) can provide backup shutdown cooling under a condition where the reactor has
been depressurized and where normal shutdown cooling is not available using the
Reactor Water Cleanup/Shutdown Cooling (RWCU /SDC) System.

Station Blackout [1.D]
Summanry of Issue

As discussed in SECY-90-016, the station blackout rule (10CFR50.63) allows uulities
several design alternatives to ensure that an operating plant can safely shut down in the
event that all ac power (offsite and on-site) is lost. The staff concluded that the preferred
method of demonstrating compliance with 1022FR50.63 is through the instailation of a
spare (full-capacity) alternate ac power source of diverse design that is consistent with the
guidance in Regulatory Guide 1.155, and that is capable of powering at least one
complete set of normal shutdown loads.

Although passive designs do not rely on active systems for safe shutdown following an
event, the staff concludes that the non-safety-related diesel generators may require some
regulatory oversight. This issue is enveloped for the passive designs under the issue on
regulatory treatment of non-safety systems (see paragraph I1LA, “Regulatory Treatment of
Non-Safety Svstems”).



SBWR Positson

A related issue is addressed in Subsection 19H.2.16. The SBWR does not require
emergency ac power 10 achieve safe shutdown. Regulatory treatment of the SBWR non-
salety-related diesel generators is addressed under item LA,

Fire P sion [LE]
Summary of Issue

As discussed in SECY-90-016, the staff recommended that the NRC guidance to resolve
fire protection issues should be enhanced to minimize fire as a significant contributor to
the likelihood of severe accidents for advanced plants.

The staff’s position on this issue for passive plants is that passive plants should also be
reviewed against the enhanced fire protection criteria identified in the staff’s April 27,
1990, response to the ACRS's April 24, 1990, letter, which recommended staff

consideranon of additional matters ., its evaluation of the fire protection designs.
SBWR Position

This issue 1s considered resolved through compliance with the following six issues
identified in NUREG/CR-5088, “Fire Risk Scoping Study™

e Seismic/Fire Interactions - This issue will be evaluated as a part of probabilistic risk
assessment (PRA) review and could be addressed by a walkdown.

* Fire Barner Qualifications — This issue 15 addressed in the current regulations. A
surveillance and maintenance program will resolve this issue.

* Manual Fire Fighting Effectiveness ~ This issue is addressed in the current regulations.
Training for fire brigades will resolve this issue.

* Total Environmental Equipment Survival - The SBWR Standard Plant is in
compliance with General Design Criterion (GDC) 3, which states that the basic design
criteria and SBWR systems will be designed to meet this criteria.

* Control System Interactions - For the SBWR Standard Plant design, the independent
safe shutdown capability is provided by the Remote Shutdown System (RSS).

* Improved Analytical Codes - For the SBWR Standard Plant design, the redundant
safety systems are located in the separate fire areas. Hence, an improved code to show
that the redundant train in the same area is protected is not needed.



Summary of Issue

As discussed in SECY-90-016, the staff recommended that future evolutionary ALWR
designs reduce the possibility of a loss-of-coolant accident (LOCA) outside containment
by designing (to the extent practicable) all systems and subsystems connected to the
Reactor Coolant System (RCS) to withstand the full RCS pressure. The staff further
recommended that systems that have not been designed to withstand full RCS pressure
should include the following:

* The capability for leak testing of the pressure iselation valves

* Valve position indication that is available 1in the control room when isolation valve
operators are deenergized

* High-pressure alarms to warn contro! room operators when rising RCS pressure
approaches the design pressure of attached low-pressure systems and both isolation
valves are not closed

In i June 26, 1990, SRM, the Commission approved the staff's position on intersystem
i OCA provided that all elements of the low-pressure system are considered (e.g.,
instrument lines, pump seals, heat exchanger tubes, and valve bonnets). The staff's
position on this issue for passive plants is that passive plants should also be reviewed
against the position for intersystem LOCA identified in the Commission’s June 26, 1990,
SRM.

SBWR Position

A related issue is addressed in Subsection 19H.2.44. The conclusions outlined in
Subsection 19H.2.44 are considered to also resolve this issue.

Hydrogen Conuol [1LG]
Summary of Issue

Containments are required to be designed for control of hvdrogen generation following
an accident. 10CFR52.47(a) (1) requires all applicants for design certification to
demonstrate compliance with any technically relevant portions of the Three Mile Island
requirements set forth in 10CFR50.34(f). 10CFR50.34(f) requires a system for hydrogen
control that can safely accommodate hydrogen generated by the equivalent of a 100%
fuel<clad metal water reaction and that can ensure that uniformly distributed hydrogen
concentrations in the containment do not exceed 10% (by volume) or that the post-
accident atmosphere will not support hydrogen combustion.

The staff’s position in SECY-90-016 is that the requirements of 10CFR50.34(f) (2) (ix)
remain unchanged for evolutionary ALWRs. The staff's position on this issue for passive
plants is that passive plants should also be designed, as 2 minimum, to perform the
following tasks:
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s Accommodate hvdrogen equivalent to 100% metal-water reaction of the fuel cladding
¢ Limit containment hvdrogen concentration to no greater than 10%

* Provide containment-wide hydrogen control (e.g., igniters, inerung) for severe
accidents

SBWR Pesition
Related issues are addressed in Subsections 19G.2.21 and 19H.2.19,

For a severe accident with EPRI source term assumpuons, 11% metal-water reaction is
considered an appropriate conservative lower bound estimate to handle the full spectrum
of events in which the combustion control system may have to operate. A lower percent
metal-water reaction is conservative since the SBWR containment is initially inert, and
hydrogen generation will act as a diluent to the containment oxygen concentration
profile.

The 10% containment hydrogen concentration limit is applicable to non-inerted
containment systems, and, therefore, is not applhicable to the SBWR.

The SBWR containment utilizes both inerting and hydrogen igniters for containment-
wide hydrogen control for loss-of-coolant-accidents (LOCAs), as described in Subsection
6.2.5.

Dk {3 e 1n i - Abilies so Caol Cors Deia TL40)
Summary of Issue

In the unlikely event of a severe acaident in which the core has melted through the
reactor vessel, it is possible that containment integrity could be breached if the molien
core is not sufficiently cooled. In addition, interactions between the core debnis and
concrete can generate large quantities of additional hydrogen and other non-
condensable gases, which could contribute 1o eventual overpressure failure of the
containment. Therefore, the staff concluded that plant designs should include features to
enhance core debris coolability.

As discussed in SECY-90-016, the staff recommended gcneral criteria for evoluuonm
ALWR designs. The staff's position on this issue for passive plants is that passive plants
should also be evaluated against these general critena, which are as follows:

* Provide reactor cavity floor space to enhance debns spreading |

*  Prowvide a means to flood the reactor cavity to assist in the cooling process
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STEEYS

* Protect the containment iner and other structural members with concrete if
necessary

¢ Ensure that the containment can accommodate the pressure increases resulting from
core-concrete interactions involving a range of scenarios which release core debris
into the containment for 24 hours following the start of a severe accident.

SBWR Position

SBWR design features 1o enhance core debris coolability are assumed in the Probabilistic
Risk Assessment (PRA) and are documented in Appendix 19B. These features include
the following:

*  Maximized reactor cavity floor space (lower drywell floor arca) to improve the
potental for ex-vessel debris cooling (see Subsection 19B.2.1.8)

e Lower drywell flooder system to provide automatic cavity flooding in the event of core
debris discharge from the reactor vessel (see Subsection 19B.2.1.3)

*  One-meter-thick sacrificial laver of concrete on the floor and walls of the lower
drywell to protect the containment liner against debris attack (see Subsection
198.2.1.7)

* The potential to manually vent the containment from the suppression chamber air
space when continued core-concrete interaction (CCI) occurs (see Subsection
19B.2.2.8)

Summary of Issue

In SECY-90-016, the staff recommended that evolutionary ALWR designs should include a
depressurization system and cavity design features to contain ejected core debris to
reduce the potenual for containment failure by direct containment heating (DCH). The
staff 18 concerned that this phenomenon might occur from the ejection of molten core
debris under high pressure from the reactor vessel resulting in wide dispersal of core
debris, rapid oxidation, and extremely rapid addition of energy to the containment
atmosphere,

In its June 26, 1990, SRM, the Commission approved the staff’s position with the directive
that the cavity design, as a mitigating feature, should not unduly interfere with |
operations, including refueling, maintenance, or surveillance activities.

|
|
|
The stafl’s position on this issue for passive plants is that passive plants should be i
evaluated against the following general criteria: ‘
|
|
|
|



* Provide a reliable depressurization system

¢ Provide cavity design features to decrease the amount of ejected core debris that
reaches the upper containment

Depressurization of the Reactor Coolant System (RCS) is crucial 1o the operation of the
passive safety features that Emit the likelihood of core damage, as well as 1o reducing the
potential for containment failure by DCH from the ejection of core debris at high
pressure.

SBWR Position

The SBWR provides reliable RCS depressurization via the Automatic Depressurization
Svstem (ADS), as described in Subsection 6.3.3. Manual backup of the ADS is included in
the SBWR Emergency Procedure Guidelines (EPGs) and is an essential action for severe
accident mitigation,

As mentioned in Subsection 19B.10.2.4, the SBWR also provides the following
mechanisms which may limit the transport of the molten debris from the lower cavity 10
the upper cavity:

¢ Trapping of the debris in the lower drywell inside the corium shield wall and shield
plate

* Impacton, settling, and removal of the debris particles in the gas transport pathway
connecting the lower and upper drywell compartments

Containment Performance [1.]1

Summary of Issue

As discussed in SECY-90-016, the staftf recommended the use of a conditional
contamment failure probability (CCFP) of 0.1 or a deterministic containment

performance goal that offers comparable protection in the evaluation of evolutionary
ALWRs.

In its June 26, 1990, SRM, the Commission approved the use of a 0.1 CCFP as a basis for
establishing regulatory guidance for the evolutionary LWRs, but directed that this
objective should not be imposed as a requirement and that the use of the CCFP should
not discourage accident prevention. The staff was directed to review suitable alternative,
deterministically established containment performance objectives providing comparable
mitigation capability that may be submitted by the applicants.

The staff's position on this issue for passive plants is that passive plants should use a CCFP
of 0.1 or a deterministic containment performance goal that offers comparable
protection. The staff will consider any suitable alternative, deterministically established
containment performance objectives providing comparable mitigation capability.
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SBWR Posttion

The SBWR analysis of containment performance, as documented in Appendix 198, uses a
deterministic containment performance goal that offers protection comparable to a
CCFPof 0.1.

Summary of Issue

As discussed in SECY-90-016, the staff recommended the approval of the use of an

oeerpressure protection system for the ABWR that uses a dedicated containment vent.

This svstem is designed to avoid gross contaimment failure resulting from postulated slow ',
rising overpressure scenarios that could result from postulated multple safety system

failures.

In its June 26, 1990, SRM, the Commuission approved the use of the containment
overpressure protection system for the ABWR, subject 1o a comprehensive regulatory
review to weigh the “downside” risks with the mitigation benefits of the system. In
addition, the Commission directed the staff to ensure that full capability 1o maintain
control over the venting process is provided in the design.

At the time of issuance of the draft Commission paper (February 27, 1992), the staff had
insufficient informauon to determine whether a containment vent is necessary for passive
plant designs, and adopted the position that the need for a containment vent for the
passive plant designs be evaluated on a design specific basis.

SBWR Position

A related issue is addressed in Subsection 19G.2.44. The SBWR design utilizes a manually
operated valve in a Containment Atm ospheric Control System (CACS) line which
exhausts to the plant stack. This feature facilitates any future system enbancements which
may be found necessary.

Equipment Survivability [LL]
Summary of Issue

As discussed in SECY-90-016, the staff recommended that features provided only for
severe-accident protection necd not be subject to the 10CFR50.49 environmental
qualification requirements, 10CFR50 Appendix B quality assurance requirements, and
10CFR50 Appendix A redundarcy/diversity requirements. However, SECY-90-016 further
stated that mitigation features must be designed so there is reasonable assurance that
they will operate in the severe-accident environment for which they are intended and
over the time span for which they are needed. In instances where safety-related
equipment which is provided for design buses accidents is relied upon to cope with
severe-accident situations, there should also be a high confidence that this equipment will
survive severe-accident conditions for the period that it is needed to perform its intended
funcuon.




In 1ts letter dated May 6, 1991, the siaff clarified its position that this criteria would be
applied to those features provided only for severe-accident mitigation.

The staff’s position on this issue for passive plants is that featvres provided only for
severe-accident protection need not be subject to the 10CFR50.49 environmental
qualification requirements, 10CFR50 Appendix B quality assurance requirements, and
10CFR50 Appendix A redundancy/diversity requirements.

SBWR Positiom

The issue of equipment survivability is the subject of current discussions between the
NRC staff and GE for the ABWR design. A submittal will be made for the SBWR after this
issue is resolved for the ABWR. It 1s expected that the scope of instrumentation and
equipment required to satisfy SECY-90-016, SECY-92-087, 10CFR50.34 (f) will be addressed
at that ume.

Elimination of G ing Basis Earthquake (OBE) [LM]

Summary of Issue

In SECY-90-016, the staff discussed its proposal to decouple the operating basis
earthquake (OBE) from the safe-shutdown earthquake (SSE) on a design-specific basis
for evolutionary designs. The regulations in 10CFR100 Appendix A establish the OBE at
one-half of the SSE. The staff stated that the OBE should not control the design of safety
svstemns and was evaluating possible changes to the regulations that would reduce the
magnitude of the OBE relative to the SSE.

EPRI requested that the staff evaluate the elimination of the OBE altogether from design
of systems, structures, and components in nuclear power plants. The NRC staff, in
evaluating the decoupling of the OBE from the SSE, is also evaluating the possibility of
redefining the OBE in order to satisfy its function without an explicit response analysis.

EPRI's position on seismic design is that it 1s unnecessary to perform two complete sets of
seismic analyses - one for the OBE and one for the SSE. The NRC staff agrees, in
principle, with this position but finds that existing design practices for piping and
structures do not result in designs that are significantly controlled by the OBE. As stated
in SECY-90-016, certain interim measures, such as allowing higher damping values for
piping analyses, have been already implemented to alleviate the situation of having the
OBE significantly controlling the design.

The staff’s position on this issue for passive plants is to eliminate the OBE from design of
systems, structures, and components. Until the final rulemaking to 10CFR100 Appendix
A is completed, the elimination of the OBE from design of passive designs will require an
exemption from the current regulations with acceptable supporting justification from the
designer.
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SBWR Position

For the SBWR, the SSE is the earthquake which 1s based upen an evaluation of the
maximum earthquake potential considering the regional and local geology, seismology,
and specific characteristics of local subsurface material. The SSE produces the maximum
vibratory ground motion for which Seismic Category I systems and components are
designed to remain functional.

The OBE 1s not an SBWR design requirement. Consistent with the Draft Appendix S to
10CFR50, the design requirements associated with the OBE, when the level of OBE
ground motion is chosen to be one-third of the SSE ground motion, are satisfied without
performing explicit response or design analyses.

Further details regarding SBWR seismic design can be found in Sectuon 3.7.

Summary of Issue

As discussed in SECY-90-016, the staff recommended that the following provisions be
applied to all safety-related pumps and valves and not limited to ASME Code Class 1, 2,
and 3 components.

* Piping design should incorporate provisions for full flow testing (maximum design
flow) of pumps and check valves.

* Designs should incorporate provisions to test motor operated valves under design
basis differential pressure.

* Check valve testing should incorporate the use of advanced non-intrusive techniques
to address degradation and performance characternistics.

* A program should be established to determine the frequency necessary for
disassembly and inspection of pumps and valves to detect unacceptable degradation
which cannot be detected through the use of advanced non-intrusive techniques.

The staff concluded that these requirements were necessary to provide an adequate level
of assurance of operability.

In its June 26, 1990, SRM, the Commission further noted that due consideration should
be given to the practcality of designing testing capability, particularly for large pumps
and valves.

The stafl’s position on this issue for passive plants is that the above requirements also be
imposed on passive ALWRSs, since the passive safety systems rely on the proper operation
of this equipment (i.e., check valves, depressurization valves) to mitigate the effects of
transients.

12



SBWR Position

A detailed description of inservice tesung of pumps and valves for the SBWR Standard
Plant 1s contained in Subsection 3.9.6.

The SBWR safcty-related pumps and piping configurations accommodate inservice
testing at a flowrate at least as large as the maximum design flow for the pump.

All SBWR safety-related piping systems incorporate provisions for testing to demonstrate
the operability of the check valves under design conditions. Inservice testing will
incorporate the use of advance non-intrusive techniques to periodically assess
degradation and the performance characteristics of the check valves.

The motor operated valve (MOV) equipment specifications require the incorporation of
the results of either in-situ or prototype tesung with full flow and pressure or full
differential pressure to verify the proper sizing and correct switch settings of the valves.

The establishment of a program to determine the frequency necessary for disassembly
and inspection of pumps and valves to detect unacceptable degradation which cannot be
detected through the use of advanced non-intrusive techniques is the responsibility of the
combined operating license (COL) applicant. Refer to Subsection 3.9.7.3 for COL license
information related to this issue.

Industry Codes and Standards [ILA]
Summary of Issue

In SECY-91-273, the staff raised the concern that a number of design codes and industry
standards dealing with new plant construction have been recently developed or modified,
and that the NRC has not yet determined their acceptability. EPRI and ALWR vendors
are using codes and standards in their applications that the staff has not end.rsed.

The staff’s position is that the newest codes and standards that have been endor-ed by the
NRC be used in reviews of both evolutionary and passive plant design applicatons.

Unapproved revisions to codes and standards will be reviewed on a case-bycar¢ basis.
SBWR Position

Industry codes and standards applicable to the design of the SBWR Standard Plant are
listed in Table 1.9-3, and are submitted for NRC approval.

Electrical Distribution (LA}
Summary of Issue

In SECY-91-078, the staff recommended that evolutionary plant designs should include
the following:
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® An alternate power source to the non-safety loads, unless the design can demonstrate
that the design margins will result in transients for a loss of non-safety power event
that are no more severe than those associated with the turbine-trip-only event in
current existing plant designs

* At least one off-site circuit to each redundant safety division supplied directly from
one of the offsite power sources with no intervening non-safety buses in such a
manner that the off-site source can power the safety buses upon a failure of any non-
safety bus

Because the passive designs do not rely on active svstems for safe shutdown following an
event, the staff, at the time of issuance of the draft Commission paper (February 27,
1992), had not determined the applicability of this issue to the passive designs. This issue
is enveloped for the passive designs under the issue on regulatory treatment of non-safety
systems (see paragraph IILA).

SBWR Position

The SBWR Standard Plant design does not rely on active systems for safe shutdown
following an event. Regulatory treatment of the SBWR non-safety systems is addressed in
paragraph I1LA.

Summary of Issue

To assess the seismic risk associated with an ALWR design, EPRI has proposed the use of
generic bounding seismic hazard curves for sites in the central and eastern United States.
EPRI proposes that these curves be used in the seismic probabilistic risk assessment
(PRA). The regulations do not require, and at the time of issuance of the draft
Commussion paper (February 27, 1992), the staff did not intend to require, that a seismic
PRA be performed to determine if a site is acceptable.

Based on the staffl's review of historical seismicity and Lawrence Livermore National
Laboratories (LLNL) hazard estimates, the staff concluded that the EPRI seismic hazard
bounding curve is not sufficiently conservative. At the time of issuance of the dralft
Commission paper (February 27, 1992), the staff was evaluating the seismicity and
ground motion inputs used in the LLNL and EPRI studies to determine if the
uncertainties in the curves could be reduced.

As part of the COL process, the applicant will have to demonstrate that the site-specific
seismic parameters meet the certified design parameters to ensure issue preclusion at the
COL hearing. Should an actual site value exceed the design envelope in a certain area, a
specific analysis will have to be performed to verify that the design is still acceptable for
that site.
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SBWR Position

Generic bounding seismic hazard curves proposed by EPRI for use in the seismic PRA are
no longer included in the current version of the Utilities Requirement Document
(URD). Assessment of seismic risk for the SBWR Standard Plant design is performed
using seismic margin analysis, rather than seismic PRA. Seismic margin analysis does not
require the use of the EPRI generic bounding seismic hazard curves.

See Subsection 2.7 4 for COL license information related 1o this issue.

Summary of Issue

Under the broad scope revision of General Design Criterion (GDC) 4 (52FR41288,
October 27, 1987), the NRC allows the use of advanced technology to exclude from
structural design consideration the dynamic effects of pipe ruptures in nuclear power
plants provided it is demonstrated that the probability of pipe rupture is extremely low
under conditions consistent with the design bases for the piping. Demonstration of low
probability pipe rupture requires a deterministic fracture mechanics analysis that
evaluates the stability of postulated small, through-wall flaws in piping and the ability to
detect leakage through the flaws long before the flaw could grow to unstable sizes. The
concept underlying such analyses is referred to as “leak-before-break (LBB).”

At the time of issuance of the draft Commission paper (February 27, 1992), the LBB
approach had been approved by the NRC staff for then currently operating and near-
term operaung licensed nuclear power plants based on a case-by-case review of plant-
specific analyses. As discussed in SECY-89-015, the staff will evaluate the acceptability of
the use of LBB considerations in the ALWR designs when it can be justified.

The staff concluded that the limitations and acceptance criteria for LBB applications in
ALWRs are the same as those established for currently operating nuclear power plants.
The staff approves the application of the LBB approach to both evolutionary and passive
ALWRs seeking design certification under 10CFR52 when appropriate bounding limits
are established during the design certification phase using preliminary analyses results
and verified during the combined license phase by performing the appropriate
inspections, tests, analyses, and acceptance criteria (ITAAC).

SBWR Position

Subsection 3.6.3 and Appendix 3C describe the implementation of the LBB evaluation
procedures for SBWR as permitted by the broad scope amendment to GDC4. An LBB
report shall be prepared by the COL applicant, along with the stress report for the LBB-
qualifiaple piping in accordance with the guidelines presented in Appendix 3C. The LBB-
qualified piping will be excluded from pipe breaks for design against their potential
dynamic effects.

Subsection 3.6.3 describes (1) certain design bases where the LBB approach is not

recognized by the NRC as applicable for exclusion of pipe breaks and (2) certain
conditions which limit the LBB applicability. Appendix 3C provides guidelines for LBB
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applications describing in detail the foliowing necessary elements of an LBB report to be
submitted by the COL applicant for NRC approval.

s of Boitling Water Res:

Summary of Issue

Because of recurring problems with excessive lcak.tge of main steam isolation valves
(MSIVs) in BWR plant designs, Regulatory Guide 1. “Design of Main Steam Isolation
Valve Leakage Control Systems for Boiling Water Reacw.. Nuclear Power Plants,”
recommended the installation of a supplemental leakage control system (LCS) to ensure
that the 1solation function of the MSIVs complies with the spenﬁed limits. Operating
experience with the LCS has required substantial maintenance and worker exposure.
Additonally, the NRC has generic concerns with the effectiveness of the LCS to perform
its intended function under conditions of high-MSIV leakage.

These concerns led EPRI to propose an alternative approach to ensure that doses
associated with MSIV leakage would be acceptably low. The resolution proposed by EPRI
eliminates the safetyrelated LCS, allows higher leakage limits *".rough the MSIVs, and
uses an alternate MSIV leakage treatment method.

Section 3.2.2 of the Standard Review Plan (SRP) recommends that the main steamline
from the outermost isolation valve up to, but not including, the turbine stop valve
including branch lines up to the first valve, be classified as Quality Group B (Safety Class
2). Regulatory Guide 1.29 designates such piping as Seismic Category 1. The staff
concludes that the main steam piping from the outermost isolation valve up to the
seismic interface restraint and branch lines up to the first closed valve should conform to
Appendix A of Section 3.2.2 of the SRP and Regulatory Guide 1.29. The main steamline
from the seismic interface restraint up to but not including the turbine stop valve should

be classified as Quality Group B but may be classified as non-seismic Category I. However,

all pertinent quality assurance requirements of Appendix B to 10CFR50 are applicable to
this portion of the main steamline from the seismic interface restraint to the turbine stop
valve. These requirements are needed to ensure that the quality of the piping matenal is
commensurate with its importance to safety during both operatonal and accident
conditions.

To ensure the integrity of the bypass piping from the first valve to the main condenser
hotwell, the staff and EPRI both agree that preventing gross structural failure of the
piping and hotwell would provide assurance that leakage from the MSIVs following a
design basis accident would not exceed the 10CFR100 guideline. The issue remaining is
the classification of the main steam bypass piping between the first normally closed valve
and the condenser hotwell as well as the hotwell itself. The staff proposes thar the main
steam bypass line from the first valve up to the condenser inlet and the pip'+ = between
the turbine stop valve and the turbine inlet should not be classified as safer.  clated nor
as seismic Category I, but should be analyzed using a dynamic seismic ana'vsis to
demonstrate its structural integrity under SSE loading conditions.

The staft proposes that the condenser be seismically analy zed to ensure that it is capable
of maintaming its structural integnty during and after the SSE. Since the dose analysis
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considers that the condenser is open to atmosphere, it is only ne« *ssary to ensure there is
no gross structural failure of the condenser.

Overall, the staff concludes that the above described approach for both evolutionary and
passive ALWRs to resolve the BWR main steamline classification issue provides reasonable
assurance that the main steam piping from the outermost isolation valve up to the
turbine stop valve, the main steam bypass line up to the condenser, and the main
condenser will retain their pressure and structural integrity during and following a safe
shutdown earthquake.

SBWR Position

The SBWR design does not include an MSIV LCS, as noted in Section 6.7, and adopts the
EPRI alternative approach.

According to Table 3.2-1, the Turbine Bypass System lines and the branch line of the
main steamline, including supports between the second isolation valve and the turbine
stop valve from the branch point at the main steamline to, and including, the first vaive in
the branch line, are categorized as Quality Group B, non-safety, and non-seismic. Non-
seismic structures and equipment are those which do not fall into seismic Category 1 or 11
definitions. The main steamlines from the containment outboard isolation valves and all
branch lines 2-1/2 inches in diameter and larger, up to and including the first valve
(including lines and valve supports) are designed by the use of an appropriate dynamic
seismic system analysis to withstand the SSE design loads in combination with other
appropriate loads, within the limits specified for Class 2 pipe in the ASME Code, Section
HIL

The main condenser is classified as non-safety related and non-seismic Category L
However, the supports and anchors for the main condenser are designed to withstand an
SSE. Inspections, Tests, Analyses, and Acceptance Criteria (ITAAC) are provided for the
seismic capability design commitment of the supports and anchors in the SBWR Tier |
Design Certification Document.

Desi is [ILF
Summary of Issue

At the time of issuance of the draft Commission paper (February 27, 1992), the NRC
regulatory position with regard to design basis tornadoes is contained in two documents
issued in 1974, WASH-1300, “Technical Basis for Interim Regional Tornado Criteria,” and
Regulatory Guide 1.76, “Design Basis Tornado for Nuclear Power Plants.” Regulatory
Guide 1.76, in particular, delineates the maximum wind speeds of 240 1o 360 mph
depending on the regions.

After reviewing updated tornado data and the analysis provided in NU REG/CR-4661,
“Tornado Climatology of the Contiguous United States,” dated May 1986, the staff
concluded that it is acceptable to reduce the tornado design basis wind speeds to 200
mph for the United States west of the Rocky Mountains, and to 300 mph for the United
States east of the Rocky Mountains.
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The stail’s position is that a maximum tornado wind speed of 300 mph be used for the
design basis tornado to be used in the design of evolutionary and passive ALWR designs.
As part of the COL process, the applicant will have to demonstrate that a design capable
of withstanding a 300 mph tornado will also be sufficient to withstand other site hazards.
Should an actual site hazard exceed the design envelope in a certain area, a specific
analysis will have 1o be performed to verify that the design is still acceptable for that site.

SBWR Position

As noted in Subsection 2.3.1, the design basis tornado maximum wind speed is 300 mph
{134 m/s), consistent with the staff’s position. Subsection 3.3.3 contains COL license
imnformation related to this issue.

sontainment s 11,
Summary of Issue

The phenomenon of containment bypass is associated with the failure of the
containment system to channel fission product releases through the suppression pool, or
the failure of passive containment cooling system heat exchanger tubes in the large pools
of water outside the containment. Leakage paths could exist in the pathway between the
drywell and the wetwell airspace that could allow steam to bypass the suppression pool
and might overpressure the containment. Potential sources of steam bypass include
leakage through the vacuum relief valves, cracking of the drywell structure, and
penetrations through the drywell structure. In addition. a containment design which uses
an external heat exchanger carries with it a potential of containment bypass from a leak
in the heat exchanger. High temperatures associated with severe accidents or core debris
carried from the reactor vessel could threaten the integrity of the heat exchanger tubes,
and therefore provide a pathway for the release of fission products. Bypass of internal
suppression pools could lead to overpressurization of the containment, and threaten its
integrity. The staff believes that vendors should make reasonable efforts to minimize the
possibility of bypass leakage, and should also allow for a certain amount of leakage in the
containment design.

The provision of containment sprays in the drywell and/or wetwell would also reduce the
impact of suppression pool bypass leakage on containment performance. In view of the
contribution they can make to accident management, the staff, at the time of issuance of
the draft Commission paper (February 27, 1992), was evaluating the need for
containment spray systems for all ALWRs.

SB ¥ .“ POStIlOﬂ

The SBWR vacuum relief valves are high-reliability, leak-proof components, and do not
provide a likely potential for steam bypass. The containment vent wall and diaphragm
slab are of leak-tight construction, and also do not provide a likely potental for steam
bypass. The leakage potential of the liner plate and penetrations is evaluated in
Subsections 19B.3.3.1 and 19B.3.3.2, respectively. The results of the analyses (Subsection
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198.3.3.3) show that no liner leakage will occur before the capability pressure is reached,
and leakage through fixed (mechanical and electrical} penetrations is negligible.

Isolation condenser/pressure containment cooling (1C,/PCC) tube failure due to fission
product plugging is evaluated in Appendix 19BC, As noted in Subsection 19BC.7, the

1C/PCC tubes will not fail because of fission product plugging during a severe accident.
Test data from the Pre-Service Inspecuon (PSI) test program will be used to make more
definitive judgments about possibility of 1C/PCC tube plugging and failure. In addition,
the SBWR long-term cooling model of the containment accounts for postulated leakage
between the drywell and suppression chamber gas space (see Subsection 6.2.1.1.3.2).

As noted in Subsection 6.5.2, the SBWR contains both suppression chamber and upper
drvwell containment sprays. Neither spray system is safety-related, and no credit is taken
for fission product removal under design basis accident evaluations. However, in a severe
accident scenario, operation of the Fuel and Auxiliary Pool Cooling System (FAPCS) in
the drywell spray mode may be required to maintain containment integrity. The drywell
spray mode reduces the consequences of suppression pool bypass. Manual initiation of
the drywell sprays upon an indication of increasing drywell temperatures 1s an
appropriate and essential mitigation strategy. This action 1s contained in the SBWR
Emergency Procedure Guidelines (EPGs).

ing (IL.H]
Summary of Issue

EPRI proposed that the maximum interval between Type C leakage rate tests should be
30 months rather than the 24-month maximum interval required, at the time of issuance
of the draft Commission paper (February 27, 1992), in Appendix | to 10CFR50 for both
evolutionary and passive plant designs. This proposal was generated to allow some margin
between the nominal 24-month refueling interval and the Type C test interval to ensure
that plant shutdowns will not be required solely to perform Type C tests.

At the time of issuance of the draft Commission paper (February 27, 1992), the staff had
developed proposed changes to Appendix | of 10C.FR50 for all reactors, and were sent to
the Commission in SECY-91-348,

The staff recommends that, until the rule change proceedings for Appendix | of
10CFR50 are completed, the maximum interval between Type C leakage rate tests for
both evolutionary and passive plant designs be 30 months rather than the 24-month
maximum interval.

SBWR Position
A related issue is addressed in Subsection 1A.2.34. As noted in Subsection 1A.2.34, the

maximum interval between Type C leakage rate tests is 30 months, consistent with the
staff’s position.
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Summary of Issue

Regulatory Guide 1.97 and NUREG-0737, “Clarification of TMI Action Plan
Requirements,” provide guidance regarding the design of the post-accident sampling
system (PASS) used to implement reguldmm 10CFRA30.34(D (2) (vinn).

EPRI has proposed deviation from the design requirements for the PASS in the following
areas.

Eliminaton of the Hydrogen Analysis of Containment Atmosphere Samples

EPRI has stated that the hydrogen analysis of the containment atmosphere can be
accomplished by the safety-grade containment hydrogen monitor required by
10CFR50.34(0H(2) (xvi1) and ILF. 1 of NUREG-0737. The staff concludes that the safety-
grade instrumentation provides acceptable justificaton for requesting this deviation,
and does not consider this request to be a policy matter,

Eliminauon of Dissolved Gas and Chloride Analyses of Reactor Coolant Samples

EPRI considers the analyses of the reactor coolant for dissolved gas and chlornide to be
unnecessary because gases accumulated in the reactor vessel (mainly hydrogen) will
be removed by venting. and corrosion due to the presence of chloride and oxygen will
be minimized by prompt depressurization and cooling. Additionally, the amount of
dissolved hydrogen in the reactor coolant can be determined based upon the
hydrogen concentration measured in the containment atmosphere.

10CFR50.34(f) (2) (vii1) and Item 11.B.3 of NUREG-0737 specify that the PASS should
have the capability 1o analyze dissolved hydrogen, oxygen, and chloride.

The staff concludes that even with vented reactor vessels, there are some postulated
accident sequences in which the reactor coolant system is intact at reduced pressure,
and heat is being removed. For these cases, it will not be possible to evaluate
concentrations of the dissolved gases in the reactor coolant from their concentrations
measured in the containment. Therefore, the staff's position is that the requirement
for PASS sampling of coolant should not be eliminated. However, the staff agrees that
sampling 24 hours after the end of power operation would be adequate to ensure
long-term decav heat removal.

Relaxation in the Time Requirement for Sampling Activity Measurements

EPRI states that if boron solution has been added to permit plant shutdown, reactor
water samples can be taken for boron analyses starting 8 hours after the end of power
operation. EPRI states that the samples for activity measurements will not be required
for 24 hours after the accident.

Item I1.B.3 of NUREG-0737 specifies that the PASS should have the capability to
obtain coolant and containment atmosphere sampling results within 3 hours from the
time after the accident.



Based on commitments and justifications from EPRI, the staff concurs with EPRI that
boron sampling will not be required for the first B hours after an accident. The staff
also concludes that the requested extension of time for sampling activity
measurements 24 hours after an accident is acceptable. The staff's position is to allow
for deviation from the requirements of Item 11.B.3 of NUREG-0737.

SBWR Positioni

Eliminaton of the Hydrogen Analysis of Containment Atmosphere Samples

Analysis of hydrogen in SBWR containment atmosphere samples is provided by the
Containment Atmosphere Monitoring System (CAMS).

Eliminaton of Dissolved Gas and Chloride Analyses of Reactor Coolant Samples

During a core uncovering accident, the accumulation of noncondensible gases in the
SBWR reactor vessel will be prevented. Also, excessive corrosion in the SBWR reactor
vessel will not occur because corrosive conditions will be prevented and the SBWR
reactor vessel will not be kept in a hot, pressurized condition.

During the early hours of a design basis loss-of<coolant-accident (LOCA), any
hypothesized accumulation of gases in the SBWR reactor vessel would be prevented by
the opening of the six Automatic Depressurization Subsystem (ADS) valves that vent
the steam produced by core decay heat out of the reactor vessel and into the
containment (see SBWR SSAR, Subsection 6.3.3). Reactor vessel depressurization
then allows nitrogen-saturated demineralized water to flow into the reactor vessel
from the Gravity-Driven Cooling System (GDCS). Noncondensible gases will be
contained 1n this stream and will also be formed from radiolysis reactions. Any
noncondensible gases will be rapidly stripped from the reactor vessel water as boiling
occurs and will be swept into the containment by the escaping steam.

Corrosion of the SBWR reactor vessel and its components will be held to negligible
amounts by the degassification processes discussed above and by prompt
depressurization and cool-down. Thus, the capability to analyze reactor water for
dissolved hyvdrogen, dissolved oxygen, dissolved total gases, and chloride are neither
needed for mitigation of the acaident nor provided by the SBWR PASS.

Relaxation in the Time Requirement for Sampling Activity Measurements

During an accident, the immediate responses of the plant operators are discussed in
the SBWR SSAR, Subsection 18.4.2.11, Safety Parameter Display System, and
Subsection 18A.2, RPV Control Guideline. Later, to assist in planning the accident
recovery program, sampling of reactor coolant for gross activity and isotropic analyses
will be performed. These data will not be needed by the plant operators during the
initial phase of an accident.



Sampling and analysis for reactor coolant boron concentration may be required in
some cases. Provision 1s made to perform this sampling and analysis at 8 hours or later
after the core uncovering occurred.

Level of Detail [11]]
Summary of Issue

In its February 15, 1991, SRM on SECY:90-377, the Commission provided guidance

regarding the level of detail of information required to determine the adequacy of design

certification applications under 10CFR52. Although the level of detail issue is applicable

to all design certification applications, the staff has been reviewing the ABWR as the lead |
plant in resolving this 1ssue.

In a meeting with GE, senior NRC managers and the vendor discussed certain areas of
review for which the designer has not provided final design details. The staff and GE
agreed 10 pursue the development of design acceptance criteria (DAC) with associated
NRC “check points” as a substitute for detailed design information for a few limited areas
of the design. These issues would be documented in the Safety Analysis Report and the
inspections, tests, analyses, and acceptance criteria {ITAAC), as appropriate.

The staff concludes that the level of detail issue is applicable to all design certification
applications, but expects it to be resolved in the context of the ABWR review.

SBWR Position

The level of detail of information contained in GE's SBWR certification documents (e.g.,
SSAR and Tier | Design Certification Document) is consistent with the level of detail
contained in GE's ABWR certification documents.

Summary of Issue

SECY-91-074 discussed the process that the staff will use for determining the need for a
prototype or other demonstration facility for the advanced reactor designs. The staff
stated 1t will follow the procedure outlined in the paper to determine the various types of
testing, up to and including a prototype facility, that may be needed to demonstrate that
the advanced reactor designs are sufficiently mature to be certified.

SECY-91-273 stated that the necessity for separate effects and scaled integral testing for
passive designs was under consideration. At the time of issuance of the draft Commission
paper (February 27, 1992), this issue remained under consideration, as it applied to
passive designs.

SBWR Position

The overall SBWR program includes various separate effects and scaled integral test
programs to demonstrate that the SBWR is sufficiently mature to be certified.
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Summary of Issue

SECY-91-178 provided the staff's recommendanons concerning the form and content of
the ITAAC for a design certificanion rule and combined license as required by 10CFR52,
In its September 24, 1991, SRM, the Commission provided guidance regarding
development of ITAACs for final design approval/design certification apphcations.

At the ume of 1ssuance of the draft Commission paper (February 27, 1992), GE had been
identified by the Nuclear Management and Resources Council (NUMARC) as the
industry lead for developing ITAAC submittals.

The staff concludes that the ITAAC issue is applicable to all final design approval /des.gn
certificauon applications, but expects it to be resolved in the context of the ABWR review.

SBWR Position

The form and content of GE’s SBWR ITAACs (included in the SBWR Tier 1 Design
Certification Document) is consistent with the form and content of GE's ABWR ITAACs.

Reliability 2 p RAP) [1LM]
Summary of Issue

In SECY-89-013, the staff stated that a program to ensure that the design reliability of
safety significant systems, structures, and components is maintained over the life of a
plant, referred 1o as the reliability assurance program (RAP), would be required for
design certification.

The staff 1s working on the development of a detailed guidance document for the
development of a RAP for ALWRs. The staff views the RAP for ALWRs as a program that
exists at two distinct levels: The first level applies to vendor submittals for final design
approval/design certification; the second level is applicablc o a referencing applicant for
a construction and operating license. The first level involves a top-lev=] program that
defines the scope, conceptual framework, and essenual elements of an =ffective RAP. The
second level fully develops and implements the program based on the plant-specific
design information.

At the time of issuance of the draft Commission paper (February 27, 1992), the staff was
working with EPRI and the ALWR vendors on the development of the first level RAP for
ALWRs. |
SBWR Position }

|

Reliabilitv Assurance Programs are provided in the SBWR Standard Plant design. The
SBWR Design Reliability Assurance Program (D-RAP), described in Section 17.3, is the
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toplevel (first level) RAP for the SBWR. The second-level ownerimplemented RAP for
the SBWR is referred to as the Operational Reliability Assurance Program (O-RAP), and
1s descnbed in Subsection 17.3.10.

Site-Specific Probabilisuc Risk Assessments [TLN]

Summary of Issue

10CFR52.47 requires all applicants seeking standard design certification to provide a
probabilistic risk assessment (PRA). However, details of the specific site characteristics
where a plant would be sited are not required until the combined operating license
(COL) licensing stage. The staff’s position is that site-specific PRA information be
submitted at the COL stage that addresses applicable site-specific PRA information such
as river flooding, storm surge, tsunami, vulcanism, and hurricanes, and that enveloping
analyses for seismic events and tornadoes be required from the final design

approval /design certification applicants.

SBWR Position

The SBWR PRA results are calculated for an average or typical site, as outlined in
Appendix 19E. Although these results form a good basis for assessing the general SBWR
capability to sausfy offsite dose-related goals, they do not form a basis for concluding that
the SBWR would meet dose-related goals at a specific site whose characteristics cannot be
defined at the point of SBWR cerufication.

Section 2.7 specifies COL license information related to this issue.

Summanry of Issue

The s1aff, after Limerick Ecology Action v. NRC, 869 F.2d 719 (3rd Cir. 1989), concluded
that a Nauonal Environmental Policy Act (NEPA) evaluation in the form of an
environmental impact statement that considered severe accident mitgation design
alternatives (SAMDAs) would be an essential element of an application for a combined
license under Subpart C of 10CFR52, for those applications that reference a design
certified under Subpart B.

In SECY-91-229, the staff requested the ALWR vendors to assess SAMDAs for their designs
and provide their rationale for determining whether the SAMDAs would improve the
safety of those designs.

1he staff concludes that the SAMDASs issue is applicable to all final design
approval/design certification applications, but expects it to be resolved in the context of
the ABWR and Svstem 80+ reviews.



SBWR Position

The assessment of SAMDASs for GE's SBWR is consistent with the assessment of SAMDASs
contained in GE’s ABWR certification documents.

Summary of Issue

SECY91-262 provided the Commission with the staff’s recommendations regarding
generic rulemaking related to design cerufication. As discussed in SECY-91-262, the staff
concludes that consideration of generic rulemaking in lieu of design-specific rulemaking
1s applicable to all final design approval /design certification applicavons. However, the
design of the passive plants was not sufficiently developed at the time of issuance of the
draft Commission paper (February 27, 1992) tor the staff to determine whether generic
rulemaking should be initated for the passive plant designs. An example of a generic
rulemaking activity is the evaluation of source terms during postulated severe accidents.

SBWR Positiom

The SBWR Standard Plant design complies, in general, with NRC generic rulemaking
policies, as well as design-specific rulemaking policies, required for design certification
that 1s considered applicable to the SBWR.

Summary of Issue

Associated with the new, passive design approach, the licensing design basis analysis relies
solely on the passive safety systems to demonstrate compliance with the acceptance
criteria for various design basis transients and accidents. However, uncertainties remain
concerning the performance of the unique passive features and overall performance of
core and containment heat removal because of lack of a proven operational performance
history. The staff’s review of the passive designs requires a review of not only the passive
safety systems, but also the functional capability and availability of the active non-safety
svstems (o provide significant defense-in-depth and accident and core damage prevention
capability.

In addition, the staff was evaluating, at the time of issuance of the draft Commission
paper (February 27, 1992), the need to establish rehability-based technical specifications
for passive designs to determine which systems and components (including certain non-
safety systems) will require the imposition of technical specifications, and the parameters
of the technical specifications (length, surveillance, etc,). The Reliability Assurance
Program is expected to strongly influence the technical specifications.

Since the passive ALWR design philosophy departs from licensing practices for
evoiutionary designs, new regulatory and review guidance is necessary so that the staff can
appropnately review the passive vendor submittals. At the time of issuance of the draft
Commission paper (February 27, 1992), significant decisions needed to be made



concerning the scope of staff review of the non-safety systems and reliance on the passive
safety svstems.

At the time of issuance of the draft Commission paper (February 27, 1992), the staff was
still evaluating this issue for the passive plant designs.

SBWR Position

Adequate capability and availability of the passive safety and active non-safety systems
(when called upon) in the SBWR Standard Plant design are ensured through the
establishment of functional performance requirements and acceptance criteria.

Any forthcoming regulatory requirements regarding the capability and availability of the
SBWR passive safety and active non-safety systems will be reviewed by GE, and compliance
to these requirements will be assessed and submitted for NRC review.

Definivon of Passive Failure (111
Summary of Issue

A passive failure in a fluid system means a breach in the fluid pressure boundary or a
mechanical failure which adversely affects a flow path. in licensing reviews prior to the
time of issuance of the draft Commission paper (February 27, 1992), the staff had been
inconsistent in its treatment of passive failures in fluid systems in that in certain cases it
imposed a passive failure in addition 1o the initiating event while in others it did not. The
staff had determined that in most instances the probability of most types of passive
failures in fluid systems is sufficiently small that they need not be assumed in addition to
the initiating failure in application of the single failure criterion to ensure the safety of a
nuclear power plan..

In particular, staff pracuce had normally been to treat check valves, except for
containment isolation systems, as passive devices rather than active devices during
transients or design basis accidents. However, the staff, at the time of issuance of the draft
Commission paper {February 27, 1992), was considering redefining failure of check
valves 1o that of an active failure. This would cause these valves to be evaluated in a more
stringent manner than that of [ revious licensing reviews.

At the time of issuance of the draft Commission paper (February 27, 1992), the staff was
still evaluaung this issue for the passive plant designs.

SBWR Position
The SBWR treatment of single component failures in fluid systems is addressed in

Subsection 3.6.1. Single component failures are assumed to occur in addition to the
postulated piping failure and any direct consequences of the piping failure.
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Summary of Issue

At the time of issuance of the draft Commission paper (February 27, 1992), the analytical
codes that GE used 1o demonstrate stanlity of the SBWR design had not been adequately
validated. As discussed in SECY-91-273, the staff had determined that an early NRC
assessment was needed of the vendor’s analytical and experimental basis for
demonstrating nuclear /thermal-hydraulic stability, and to identify any tests or analyses
that mav be needed to support staff technical evaluations of the issue.

GE had identificd existing experimental data which they believe to be appropriate
validation of codes to be used for stability studies. However, at the time of issuance of the
draft Commission paper (Fcbruary 27, 1992), GE had not provided sufficient information
to permit NRC evaluation of the applicability and sufficiency of the experiments they had
identified for use during code validation. Until these experiments are reviewed by the
NRC, the potential need for additional experiments to support stability evaluations for
design certification remains open.

SBWR Position

In Section 4D.% of the SBWR SSAR, GE presented the test data from the Hitachi's small-
scale natural circulation test loop in Japan, which GE then believed to be appropriate
validation of the analytical code to be used for SBWR geysering instability studies. In this
test, Freon was used as a coolant. Based on further review, GE decided to use water data
instead of the Freon data for code qualification. One of the reasons was that conversion
of the Freon data to the water-equivalent results introduces greater uncertainty for
qualification of the analytical code.

Arnitomi (J. H. Chiang, M. Aritomi, R. Inoue and M. Mori, “Thermo-Hydraulics during
Startup in Natural Circulation Boiling Water Reactors,” NURETH-5,.9/92) has
performed the small-scale experiments using water as a coolant which show the geysering-
type phenomenon. GE has performed TRACG analysis of some of the test data to
demonstrate the upablhty of the code 1o predict this behavior. Results of the analysis
were reported in Section 5.6, “TRACG Qualification Licensing Topical Report,” NEDE-
32177P. February 1993. From this analysis, it was concluded that TRACG successfully
calculated the geysering oscillations seen in the experiment.

For additional information related to the SBWR stability issue, refer to the GE responses
for the NRC RAIs SRXB.17 and SRXB.18.

Safe Shutdown Requircments [IILD]
Summary of Issue

General Design Criterion (GDC) 34 requires that a residual heat removal (RHR) system
be provided to remove residual heat from the reactor core so that specified acceptable
fuel design limits (SAFDLs) are not exceeded. Regulatory Guide (RG) 1.139 and Branch
Technical Position (BTP) 5-1 implement this requirement and set forth conditons to
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The staff concluded that the thyroid dose limit of 300 rem and the skin dose of 75 rem

(with no protective clothing) specified in the Requirements Document without further
technical justufications does not meet the regulatory requirements and, therefore, is not
acceptable.

The staff’s position is as follows:

® That the analyses of control room habitability be based on the dose criterion defined
in GDC 19 of Appendix A to 10CFR50 and Section 6.4 of the SRP (5 rem 10 whole
body, and 30 rem each to thyroid and skin)

® That the analyses of control room habitability should be based on the durauon of the
accident in accordance with GDC 19 of Appendix A to 10CFR50

SBWR Position

The analyses of SBWR control room habitability are based on the dose criterion defined
i GDC 19 of Appendix A 1o 10CFR50 and Section 6.4 of the SRP, and based on the
duration of the accident in accordance with GDC 19 of Appendix A to 10CFR50,
consistent with the staff’s position.

ionuclide At
Summary of Issue

EPRI and the passive ALWR designers rely on assumptions involving fission product
removal processes inside containment by natural removal effects and holdup by the
secondary building and piping systems. A containment spray system is not included in the
EPRI Requirements Document for passive plant designs. The stafl was concerned that use
of the auxiliary building for holdup may require additional restrictions be placed on the
auxiliary building during normal operation that the licensee may have difficulty
complying with.

In addition 1o evaluating the need for a containment spray system for the passive plant
designs, the staff was also evaluating whether credit for the fission product attenuation in
the main steamlines and condenser is appropriate for the passive BWR design because
the main steamlines downstream of the main steam isolation valves and associated
condenser are not designed to withstand the safe shutdown earthquake (SSE) as defined
in Section IlLc of 10CFR100.

SBWR Position
Use of the auxiliary building for fission product holdup is an issue that is generally
applicable to PWRs, For the SBWR, the safety envelope contains, dilutes, and holds up

any leakage from the containment, and has restrictions and testing criteria applied, as
described in Subsection 6.2.3.
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The issue regarding fission product attenuation in the main steamlines is addressed by
GE for the ABWR Standard Plant design. The SBWR position is consistent with the ABWR
position on this issue.

hfication of Off-Site Emer

Summary of Issue

EPRI had proposed to significantly simplify offsite emergency planning for passive
designs because of EPRI's estimated low probability of core damage and, in the event of a
core damage accident, the assurance of containment integrity and low off-site dose.

During a January 30, 1992, meeting with the staff, EPRI proposed to work with the staff 10
define a process for addressing simplification of emergency planning. The results of this
effort was to be used as input to a generic rulemaking proposal to be initiated by
NUMARC.

The staff concluded that certain modifications from the emergency planning
requirements of 10CFR50 and from the siting criteria in 10CFR100 may be appropriate
for the passive designs based on their unique characteristics. However, an agency
determination on these issues would require evaluation of detailed design information.
The staff concluded that the unique charactenistics of these designs should be taken into
account in determining the extent of emergency planning requirements in the plume
exposure pathway emergency planning zone. A plant’s ability to prevent the significant
release of radioactive matenal or to provide very long delay times prior to a release for all
but the most unlikely events should be reflected in any decision on emergency planning
requirements for the passive design. However, the staff requires a high degree of
assurance that all potential containment bypass accident sequences have a very low
likelihood before relaxing emergency planning requirements. This issue is also
complicated by the fact that the promulgation of einergency planning requirements
following the TMI-2 accident was not premised on any specific assumptions about severs
acaident probability. Hence, it may be, as a policy matter, that even very low calculated
probability values should not be a sufficient basis for changes to emergency planning
requirements.

The staff had planned to evaluate this issue for the passive plant designs when sufficient
supporting information was available.

SBWR Position

Offsite emergency planning is not within the scope of the SBWR Standard Plant design,
as noted in Section 13.3.
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RAI Number: EELB.3
Question:

If not addressed in the forthcoming SSAR Section 1.8, “Interfaces for Standard Design,”
and Section 1.9, "Conformance with Standard Review Plan,” then please provide an
explanation and how the SBWR incorporates into the design operational experience (see
staff requirements memoranda (SRM) dated February 15 and March 5, 1992).

GE Response:

An explanation of how the SBWR incorporates into its design operational experience to
address the Commission’s concerns identified in SRMs dated February 15 and March 5,
1991, is provided in Subsection 1.9.3 of the SBWR SSAR, February 28, 1993 submittal.




RAI Number: EMCB.1
Question:
SSAR Section 4.5.1, Control Rod System Structural Materials

SSAR Paragraph 4.5.1.1, "Materials Specifications,” states that the following cobalt based
materials will be used in the CRD system:

¢ guide Roller - Stellite No. 3;

» guide Roller Pin - Haynes Alloy No. 25;

¢ guide Shaft - Stellite No. 6; and

* guide Shaft Bushing - Stellite No. 12.

The use of cobalt should be avoided except in cases where no other alternative exist. The
applicant should provide justification that no other alternatives exist for the SBWR
control rod drive (CRD) system. In addition, Figures 4.6-1 and 4.6-2 of the SSAR should
be revised to show the individual assemblies described in Paragraph 4.5.1.1 of the SSAR.
SSAR Paragraph 4.5.1.1, "Materials Specifications,” states that no cold-worked austenitic
stainless steels except those with controlled hardness or strain are employed in the CRD
system. These controls are acceptable. However, the applicant should also commit to
meet the staff position that the yield strength of cold-worked austenitic stainless steel will
not exceed 90,000 psi.

GE Response:

The Fine Motion Control Rod Drive (FMCRD) has a number of components designed to
provide wear resistance for various moving parts. The following components are
designed for wear, utilizing cobalt-based materials:

* Guide Roller (for Ball Spindle) ~ Stellite No. 3

* Guide Roller Pin (for Ball Spindle) - Haynes Alloy No. 25

* Guide Shaft (renamed spindle head bolt) - Stellite No. 6B

* Guide Shaft Bushing (renamed spindle head bushing) - Stellite No. 12

* Guide Roller (for Buffer) - Stellite No. 3

¢ Guide Roller Pin (for Buffer) - Haynes Alloy No. 25

* Stop Piston - 3161, Hardsurfaced with Stellite No. 6




¢ Hollow Piston Head ~ 3161, Hardsurfaced with Stellite No. 3
¢ Ball for Check Valve - Haynes Stellite No. 3

All components have been subjected to a number of development tests using these
materials. The drives have been in service for many vears in the German KWU BWR
reactors, utilizing these same materials and alloys. There currently are no proven
substitute materials which have been thoroughly developed and tested to replace the
above component materials.

In addition, the drive parts are subjected to very low purge water flow which travels
through the drive into the vessel. These low flows result in low corrosion rates and
negligible erosion of the parts. The cobalt parts are not exposed to the core
environment and therefore are not irradiated. Cobalt addition to the overall coolant
concentration is felt to be very low from these FMCRD components.

One FMCRD manufacturer is currently investigating other non-cobalt-based materials
which could be used for some of the drive components. Future considerations will be
given to replacement of the cobalt-based materials used for some of the drive
components with non-cobalt-based materials should investigations and development test
results for these replacement materials justify their use.

Figure 4.6-2 of the SSAR will be revised to show the individual assemblies described in
paragraph 4.5.1.1. of the SSAR. Figure 4.6 ! is a schematic diagram of the drive and will
not be changed.

SSAR paragraph 4.5.5.1, “Materials Specifications,” will not be changed. GE does not
control cold working of stainless steel based cn yield strength, which would be very
difficult to measure on cold-worked compuonents. Rather, GE controls cold worked parts
primarily by solution heat treatment, by surface hardness and other process controls such
as minimum bend radius or induced strain. Surface hardness controls are applied after
any straightening or any cold forming processes so that the surface is not allowed to
exceed a specified hardness.
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RAI Number: EMCB.2
Queston:
SSAR Section 5.2.3 Reactor Pressure Boundary Materials

SSAR Paragraph 5.2.4.4.1 states that the SBWR design complies with RG 1.44 and with
the guidelines of NUREG-0313. The applicant should commit that the SBWR design
complies with NUREG-0313, Revision 2.

The applicant should also commit that cold-worked austenitic stainless steel will conform
with the staff position that the yield strength of lhc steel does not exceed 90,000 psi.
SSAR Paragraph 5.2.3.1, “Materials Specifications,” must state that the materials for the
reactor coolant pressure boundary will be in conformance with the American Society of
Mechanical Engineers (ASME) Code, Section I11.

SSAR Paragraph 5.2.3.2.2 “BWR Chemistry of the Reactor Coolant,” states that hydrogen
water chemistry will be used for the SBWR. The applicant must commit to meet the
guidelines of RG 1.56, “Maintenance of Water Purity in Boiling Water Reactors;” EPRI's
NP-4947-5R, “Hydrogen Water Chemistry Guidelines;” and EPRI's NP-3589-SR-L.D, “BWR
Water Chemistry Guidelines.”

SSAR Paragraph 5.2.3.3.2, “Control of Welding,” states that low alloy steel components

are either held for an extended time at preheat to ensure removal of hydrogen or

preheat is maintained until post-weld heat treatment (PWHT). This approach does not

meet regulatory position C2 of RC 1.50 which require that preheat is maintained until

PWHT. The staff had previously approved alternative approaches to complying with this

requirement. These approaches involved the use of intermittent heating at 400-500°F for |
4 hours followed by slow cooling to ambient temperatures or requiring that the

component be radiographically examined after final PWHT. The applicant must commit

to meet one of these approaches.

SSAR Table 5.24, “Reactor Coolant Pressure Boundary Materials,” is a hist that shows the
mounting bolts for the CRD system will be made of SA 194, Grade B7 material. This is an
apparent typographical error and should be checked to see if “SA 193, Grade B7" is the
correct statementL

GE Response:

These comments are acceptable. The following changes will be made in Amendment |
of the SSAR (see attached):

Paragraph 5.2.3.4.1 will be revised in Amendment 1 to show compliance with Revision 2
of NUREG-0313.

Paragraph 5.2.3.4.1 (subparagraph Cold-Worked Austenitic Stainless Steels), will include
the stipulation that cold-worked austenitic stainless steel will not have a yield stress
greater than 90,000 psi.




Paragraph 5.2.3.1, "Materials Specifications,” reads as follows: Table 5.2-4 lists the
principal pressure retaining materials and the appropriate material specifications for the
Reactor Coolant Pressure Boundary (RCPB) components, This statement will also affirm
that RCPB materials will conform to the ASME Code, Section III. Do so in the following
manner: ... (RCPB) components; all RCPB materials will conform to the American
Society of Mechaniczl Engineers (ASME) Code, Section 1L

Paragraph 5.2.3.2.2, “BWR Chemistry of Reactor Coolant,” (third paragraph, last
sentence) reads thus: Therefore, HWC is used for SBWRs. To specify which hydrogen
water controls are to be implemented, extend comment as follows: ... SBWRs;
specifically, follow the guidclines set down in RG 1.56, “\daimcnancc of Water Purity in
Boiling Water Reactors,” and EPRI's NP-4947-SR, “Hydrogen Water Chemlsm/
Guidelines,” and NP-3589-SR-LD, “BWR Water Chemistry Guidelines.”

Paragraph 5.2.3.3.2, “Control of Welding,” will meet the regulatory position C2 of RG
1.50 if the fourth sub-paragraph reads thus: All welds are to be nondestructively
examined cither by radiographic methods (along with a supplemental ultrasonic
examination) or by the use of intermittent heating at 400°F to 500°F for four hours,
followed by slow cooling to ambient temperatures.

Table 5.24, “Reactor Coolant Pressure Boundary Materials,” shows that the mounting
bolts for the CRD system will be made of SA 194, Grade B7 material. Thisisa
typographical error and should read SA 193, Grade B7,

[
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As a part of the preoperational and startup tesung of the main steamlines, movement of
the SRV discharge lines will be monitored.

5.2.2.5 Instrumentation Requirements
None,
5.2.3 Reactor Coolant Pressure Boundary Materials

5.2.3.1 Material Specifications

Table 5.24 lists the principal pressure retaining materials and the appropriate material
specifications for the Reactor Coolant Pressure Boundary (RCPB) components_all

ceiidilicd e .

5.2.3.2 Compatibility with Reactor Coolant
5.2.2.2.1 PWR Chemistry of Reactor Coolant
Not applicable to BWRs.

5.2.3.2.2 BWR Chemistry of Reactor Coolant

A brief review of the relationships between water chemistry variables and RCPB
mateniais performance, fuel performance, and plant radiation fields is presented in this
section. Further information may be obtiined from Reference 5.2-1.

The major environmentrelated materials performance problem encountered to date
in the RCPB of BWRs has been intergranular stress corrosion cracking (IGSCC) of
sensitized austenitic stainless steel. IGSCC in sensitized material adjacent to welds in
Tvpe 304 and Type 316 stainless steel piping systems has occurred in the past.
Substantial research and development programs have been undertaken to understand
the IGSCC phenomenon and develop remedial measures. For the SBWR, IGSCC
resistance has been achieved through the use of IGSCC resistant materials such as Type
316 Nuclear Grade stainless steel and stabilized nickel-base Alloy 600M and 182M.

However, irradiation-assisted stress corrosion cracking (IASCC) can occur in highly
irradiated annealed stainless steel and nickel-base alloys. Preliminary in-reactor and
laboratory studies (Reference 5.2-2) have indicated that hydrogen water chemistry
(HWC) will be useful in mitigating IASCC. Therefore, HWC is used for SRWRs,
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Preheat temperature emploved for welding of low alloy steel meet or exceed the
recommendations of ASME Code Section 1, Subsection NA. Components are either
held for an extended ume at preheat temperature to assure removal of hydrogen, or
preheat is mainwined untl post-weld heat treatment. The minimum preheat and
maximum interpass temperatures are specified and monitored

v»j(h a supplemen
400°F to 500°F {or four hours, follo ggg b! slow cooling gmmgm Lemperatures.

Regulatory Guide 1.34: Control of Electroslag Weld Properties

Electroslag welding is generally not allowed on structural weld joints of low alloy steel.

Regulatory Guide 1.71: Welder Qualification for Areas of Limited Accessibility
Welder qualification for areas of limited accessibility is discussed under Regulatory
Guide 1.71 in Subsection 5.2.3.4.2 of this report.

Moisture Control for Low Hydrogen, Covered Arc Welding Electrodes
Suitable identification, storage, and handling of electrodes, flux, and other welding
material will be maintained. Precautions shall be taken to minimize absorption of
moisture by electrodes and flux.

52.3.3.3 Regulatory Guide 1.66: Nondestructive Examination of Tubular Products

Regulatory Guide 1.66 describes a method of implementing requirements acceptable to
NRC regarding nondestructive examination requirements of tubular products used in
RCPB. This Regulatory Guide was withdrawn on September 28, 1977, by the NRC
because the additional requirements imposed by the guide are satisfied by the ASME
Code,

Wrought tubular products are supplied in accordance with applicable ASTM/ASME
material specifications. Additionally, the specification for the tubular products which
may be used for FMCRD housings specifies ultrasonic examination to Paragraph
NB-2550 of ASME Code Section 111.

These RCPB compenents meet ] 0CFR50 Appendix B requirements and the ASME
Code requirements, thus assuring adequate control of quality for the products.
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5.2.3.4 Fabrication and Processing of Austenitic Stainiess Steels

5.2.3.4.1 Avoidance of Stress/Corrosion Cracking

6218

Avoidance of Significant Sensitization

When austenitic stainless steels are heated in the temperature range 427 - 982°C, they
are considered to become “sensitized” or susceptible to intergranular corrosion. The
SBWR design complies with Regulatory Guide 1.44 and with the guidelines of
NUREG-0318, 10 avoid significant sensitization.

Process controls are exercised during all stages of component manufacturing and
construction to minimize contaminants. Cleanliness controls are applied prior to any
elevated temperature treatment. For applications where stainless steel surfaces are
exposed to water at temperatures above 93°C, low carbon (< 0.08%) grade materials are
used. For critical applications, nuclear grade materials (carbon content € 0.02%) are
used. All materials are supplied in the solution heat treated condition. Special
sensitization tests are applied to assure that the material is in the annealed condition.

During fabrication, any heating operation (except welding) between 427 - 982°C are
avoided, unless follows | by sclution heat treatment. During welding, heat input is
controlled. The interpass temperature is also controlled. Where practical, shop welds
are solution heat treated. In general, weld filler material used for austeniuc stainless
steel base metals is Type S308L,/316L/309L with an average of 8% (of FN) ferrite

content.

Process Controis to Minimize Exposure to Contaminants

Exposure to contaminants capable of causing stress/corrosion cracking of austenitic
stainless steel components are avoided by carefully controlling all cleaning and
processing materials which contact the stainless steel during manufacture,
construction, and installation.

Special care is exercised to insure removal of surface contaminants prior to any heating
operations. Water quality for cleaning, rinsing, flushing, and testing is controlled and
monitored. Suitable protective packaging is provided for components to maintain
cleanliness during shipping and storage.

The degree of surface cleanliness obtained by these procedures meets the requirements
of Regulatory Guides 1.37 and 1.44.

Cold-Worked Austenitic Stainless Steels

Cold work controls are applied for components made of austenitic stainless steel.
During fabrication, cold work is controlled by applying limits in hardness, bend radii
and surface finish on ground surfaces. i ]

stress greater than 90,000 psi.

integrity of Reactor Coolant Pressure Boundary — Amendment 1 DRAFT
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Table 5.2-4 Reactor Coolant Pressure Boundary Materials (Continued)

Component Form Material Specification (ASTM/ASME)
Head Forging Carbon steel SA 350 LF 2
fiting/penetration
piping
CRD
Middle fiange Forging Stainless steel SA 182, F304L or 316L
Spool piece Forging Stainless steel SA 182, F304L or 316L
Mounting bolts Bar Alloy steel &4-184-B75A 193, Grade B7
{ Seal housing Forging Stainless steel SA 182, F304L or 316L
{ Seal housing nut Bar Stainless steel SA 564, Gr 630 (H1100)
Reactor Pressure Vessel
Shells and Heads Plate Mn-1/2 Mc-1/2 Ni SA-533, Grade B, Class 1
Forging 3/4 Ni-1/2 Mo-Cr-V SA-508, Class 3
Low alloy stee!
Shell and Head Forging 3/4Ni-1/2Mo-Cr-V SA-508 Class 3
Flange Low alloy steel
Nozzles Forging 3/4Ni-1/2Mo-Cr-V SA-508 Ciass 3
Low alloy steel
Drain Nozzles Forging 3/4Ni-1/2Mo-Cr-V SA-508 Class 1
Carbon steel
instrumentation Forging Cr-Ni-Mo SA-182, Type F316L*
Nozzles Stainless steel or SA-336, Class F8 or FBM
or SB-166, SB-167
Bar, Smis. Pipes Ni-Cr-Fe
Stub Tubes Forging Ni-Cr-Fe SB-564, Gracis NOGB0O
Isolation Condenser**®
Steam pipe Seamless Carbon steel SA333, Grace 6
Condensate pipe Seamless Stainless stee! Type 316L*
Feedwater Piping
Pipe Seamiess Carbon steel SA 333, Grade 6

* Carbon content is not to exceed 0.020%.

** This includes only RCPB materials up to second isolation valve.
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RAI Number: EMCB.3
Question: |

SSAR Section 5.2.4 Preservice and Inservice Inspecuon and Testing of Reactor Coolant
Boundan

Section 5.2.4 of the SSAR states that the design 1o perform preservice inspection is based
on the requirements of the ASME Code. Section XI, 1989 Edition. The development of
the preservice and inservice inspection program plans will be the responsibility of the
COL applicant and will be based on the ASME Code, Section X, Editon and Addenda
specified in accordance with 10 CFR Part 50, Section 50.55a. For design certification, GE
s resp(msxblt for designing the reactor pressure vessel for accessibility 1o perform
preservice and inservice inspection. Responsibility for designing other components for
preservice and inservice inspection is the responsibility of the COL applicant. The COL
applicant will be responsible for specifving the Edition of the ASME Code, Section X1, to
be used. based on the procurement date of the component per 10 CFR Part 50, Secuon
50.35%a. The ASME Code requirements discussed in this section are provided for
information and are based on the 1989 Editon of ASME Section X1.”

The 1989 Edition of ASME Secuon X1 is referenced in 10 CFR 50.55a(b). Therefore, this |
national standard 1s acceptable for use for the preservice inspection (PSI) pursuant to the |
requirements of 10 CFR 50.55a(g).

The concept of designing the components to perform the preservice inspection based on
the 1989 Editon of ASME Section X1 is a reasonable approach. However, the staff
concludes that the COL applicant must resolve any differences between the reference
code (the 1989 Edition) and the code editon required by 10 CFR 50.55(g).

SSAR Paragraph 5.2.4.2, “Accessibility,” states that “all items within the Class 1 boundary
are designed. to the extent prac tical, 1o provide access for the examinations required by
ASME Scction XI, IWB-2500." |

Since the preservice inspection requirements are established and known at the ume each |
component is ordered, 10 CFR 50.55a(g) does not have provisions for “relief requ >sts”
for impracucal examination requirements. ASME Section X1 has provisions to use
certain shop and field examinations in licu of the onsite preservice examination.
Therefore, the utlitv-applicant must incorporate plans for NDE during construction in
order to meet all access requirements of the regulations.

SSAR Paragraph 5.2.4.2 describes access for examination of the reactor pressure vessel
(RPV).

Examination Category B-A of table IWB-2500-1 requires that an inservice inspection be
performed on essentially 100 percent of the weld length of all RPV shell welds as
indicated in SSAR Paragraph 5.2.4.3.2. The design of the RPV, biological shicld wall and
vesscl insulation incorporates access for examinations from the outside diameter surface.
Automated examinations from the inside diameter surface may be required to completely
examine the shell welds and to evaluate the origin of reflectors detected during the



imservice inspection. Describe access 10 the RPV welds for ultrasonic examination from
the inside diameter surface.

SSAR Paragraph 5.2.4.3 2 “Examination Methods” indicates that the examination
techniques will be based on the 1989 Edition of ASME Section Xl as supplemented by RG
1.150 for the RPV.

The ASME Section X1 indicates that the preservice examination should be conducted
with equipment and techniques equivalent to those that are expected to be used for
subsequent inservice examinations. Improvements in the ultrasonic testing of reactor
coolant pressure boundary (RCPB) components will occur in the near future. The ASME
has published in ASME Section X1, Appendix VI, "Qualification of Nondestructive
Examination Personnel for Ultrasonic Examination,” and Appendix VI, “Performance
Demonstration for Ultrasonic Examination Systems.” The NRC has referenced in 10 CFR
50.55a(b) the ASME Section XI edition that includes the published Appendix VII. In
addivon, the NRC stalff has established a technical contact to coordinate the
implementation of Appendix VIII. Therefore, the SSAR should include provisions that
ultrasonic testing dunng the preservice inspection be performed in accordance with
Appendices VII and VII pursuant to 10 CFR 50.55a(g) (3).

GE Response:

(1) RAL Section 5.2.4: The staff concludes that the COL applicant must resolve any
differences between the reference code (1989 Edition) and the code edition required by
1OCFR50.55(g).

Response:

Section 5.2.4 has already indicated that COL applicint will use the ASME Code, Section
X1, based on the Edition of the code that is specified in 10CFR50, Section 50.55(a) at the
ume of procurement of the component. The 1989 Edition of ASME Section X1 is for
information only.

(2) RAI: Secton 5.2.4.2: The uulity applicant must incorporate plans for NDE during
construction in order to meet all access requirements of the regulations.

Response

Change the first sentence of Section 5.2.4.2 from: “All items within Class 1 boundary are
designed. 1o the extent practicable, to provide access for the examination required by
ASME Secnon X1, IWB-2500."

To: “All items within the Class 1 boundary are designed to provide access for the
examinations required by ASME Secuon X1, IWB-2500" (see attached).

(%) RAl: Section 5.2.4.32: Describe access to the RPV welds for ultrasonic examinanon
from the inside diameter surface.

¥



Response:
Add the following sentence 1o Section 5.2.4.3.2: “The RPV shell weld are designed for
100% accessibility for both preservice and inservice inspection.”

So the inspection requirements read as follows (see attached):

The RPV shell welds are designed for 100% accessibility for both preservice and inservice
imspection. RPV shell welds may be examined from the inside or outside diameter
surfaces (or a combination of those techniques) using automated ultrasonic examination
cquipment.

(4) RAL The SSAR should include provisions that ultrasonic testing during the
preservice inspection be performed in accordance with Appendices VII and VI pursuant
to 10CFR 50.55a(g) (3).

Response:
Add a new Section 5.2.4.3 4 to read as follows (see attached):

5.2.4 3.4 Quahficaton of Personnel and Exarination Systems for Ultrasonic
kExamination.

Personnel performing examinations shall be qualified in accordance with ASME Section
XI, Appendix VII. Ultrasonic examination systems shall be qualified in accordance with
industry accepted programs for implementation of ASME Section XI, Appendix VIIL
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# the main steam and feedwater system up to and including the outermost
containment isolation valve.

Exciusions

Portions of the system within the reactor coolant pressure boundary, as defined above,
that are excluded from the Class 1 boundary in accordance with 10CFR50, Section
5().55a, are as follows:

8 those components where, in the event of postulated failure of the component
during normal reactor operation, the reactor can be shut down and cooled down in
an orderly manner, assuming makeup is provided by the reactor coolant makeup
system only; and

s components which are or can be isolated from the reactor coolant system by two
valves (both closed, both open, or one closed and one open). Each such open valve
is capable of automatic actuation and if the other valve is open its closure time is
such that, in the event of postulated failure of the component during normal
reactor operation, each valve remains operable and the reactor can be shut down
and cooled down in an orderly manner assuming makeup is provided by the reactor
coolant makeup system only.

The description of portions of systems excluded from the reactor coolant pressure
boundary does not address Class 1 components exempt from inservice examinations
under ASME Code, Section XI, rules. The Class 1 components exempt from inservice
examinations are described in ASME Code, Section X1, TWB-1220.

5.2.4.2 Accessibility

5222

All items within the Class | boundary are designed—+o-the-estent-practeable; 10 provide
access for the examinations required by ASME Section XI, IWB-2500. Items such as

nozzleto-vesse! welds often have inherent access restrictions when vessel internals are
installed. Therefore preservice examination shall be performed on these items prior to
installation of internals which would interfere with examination.

Reactor Pressure Vessel Access
Access for examinations of the reactor pressure vessel (RPV) is incorporated into the
design of the vessel, biological shield wall and vessel insulation as follows:

RPV Welds — The shield wall and vessel insulation behind the shield wall are spaced
away from the RPV outside surface to provide access for remotely operated ultrasonic
examination devices as described in Subsection 5.2.4.8. Access for the insertion of
automated devices is provided through removable insulation panels and at shield wall
hatches in the upper drywell area. Plaforms are attached to the biological shield wall to
provide access for installation of remotely operated examination devices.

Integrity of Reactor Coolant Pressure Boundary — Amendment 1 DRAFT
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8 reducer 1o elbow;
| tee totee; and
8 pump to valve.

Straight sections of pipe and spool pieces shall be added between fittings. The
minimum length of the spool piece has been determined by using the formula

L = 2T + 152 mm, where L equals the length of the spool piece (not including weld
preparation) and T equals the pipe wall thickness.

5.2.4.3 Examination Categories and Methods

5.2.4.3.1 Examination Categories

The examination category of each item is listed in Table 5.2-6, which is provided as an
example for the preparation of the preservice and inservice inspection program plans.
The items are listed by system and line number where applicable. Table 5.2-6 also states
the method of examination for each item. The preservice and inservice examination
plans will be supplemented with detailed drawings showing the examination areas, such
as Figure 5.2-7.

For the preservice examination, all of the items selected for inservice examination shall
be performed once in accordance with ASME Section XI, IWB-2200 with the exception
of the examinatons specifically excluded by ASME Section XI from preservice
requirements, such as VI-8 examination of valve body and pump casing internal
surfaces (B-L-2 and B-M-2 examinations categories, respectively) and the visual V-2
examinations for categories B-E and B-P.

5.2.4.3.2 Examination Methods

5224

Ultrasonic Examination of the Reactor Vessel

Ultrasonic examination for the RPV will be conducted in accordance with the ASME
Code, Section XI. The design to perform preservice inspection on the reactor vessel
shall be based on the requirements of the ASME Code, Section XI, 1989 Edition. For
the required preservice examinations, the reactor vessel shall meet the acceptance
standards of Section XI, IWB-3510. The RPV shell welds are designed for 100%

accessxbnlnty for both prescmce and inservice mspecuon m;u_mm

r;ht:ll wclds will be 100% accessxblc Ior presemce mapecuon but might have limited
areas that will not be accessible from the outer surface for inservice examination
techniques; however, the inservice inspection program for the reactor vessel is the
responsibility of the COL applicant and any inservice inspection program relief request

Integrity of Reactor Coolant Pressure Boundary -~ Amendment 1 DRAFT
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The data so recorded shall be compared with the results of subsequent examinations to
determine the behavior of the reflector.

5.2.4.4 Inspection Intervals

The inservice inspection intervals for the SBWR will conform to Inspection Program B
as described in Section X1, IWB-2412. Except where deferral is permitted by Table IWB-
2500-1, the percentages of examinations completed within each period of the interval

shall correspond to Table IWB-2412-1. Items selected to be examined within the 10-year
intervals are described in Table 5.0-6.

5.2.45 Evaluation of Examination Results

Examination results will be evaluated in accordance with ASME Section XI, IWB-3000
with repairs based on the requirements of IWA-4000 and IWB-4000. Re-examination
shall be conducted in accordance with the requirements of IWA-2200. The recorded
results shall meet the acceptance standards specified in TWB-3400.

5.2.46 System Leakage and Hydrostatic Pressure Tests

System Leakage Tests

As required by Section XI, IWB-2500 for Category B-P, a system leakage test shall be
performed in accordance with IWB-5221 on all Class 1 components and piping within
the pressure retaining boundary following each refueling outage. For the purposes of
the system leakage test, the pressure retaining boundary is defined in Table TWB-2500-
I, Category B-P, Note 1. The system leakage test shall include a VI-2 examination in
accordance with IWA-5240. The system leakage test will be conducted approximatcly at
the maximum operating pressure and temperature indicated in the applicable process
flow diagram for the system. The system hydrostatic test (described below), when
performed is acceptable in licu of the system leakage test.

Hydrostatic Pressure Tests

As required by Section X1, IWB-2500 for Category B-P, the hydrostatic pressure test shall
be performed in accordance with ASME Section IWB-5222 on all Class 1 components

and piping within the pressure retaining boundary once during each 10 year inspection
interval. For purposes of the hvdrostatic pressure test the pressure retaining boundary
is defined in Table IWB-2500-1, Category B-P, Note 1. The system hydrostatic test shall
include a VT-2 examination in accordance with IWA-5240. For the purposes of

Integrity of Reactor Coolant Pressure Boundary — Amendment 1 DRAFT 5227



RA] Number: EMCB 4

Question:
SSAR Section 5.3 Reactor Vessel

SSAR Paragraph 5.3.1.2, "Speaial Procedures Used for Manufacturing and Fabrication,”
specifies maximum himits on copper, phosphorous ind sulfur for base and weld materials
in the beitine region. The applicant must also inc’'ude a maximum limit of 0.05
vanadium for weld matenals in the beltline region

For staff position regarding compliance with the recommendations of RG 1.50, see
Section 5.2.3, Queston 5.

SSAR Paragraph 5.3.1.6. 1 “Comphance with "leactor Vessel Materials Surveillance
Program Requirements,” states that three capsules are provided to meet the 10 CFR Part
50 Appendix H requirements. The staff finds this commitment not acceptable since the
SBWR is designed for a 60-year life. The applicant must commit to provide at least four
capsules and require a minimum capsule lead factor of 1.

SSAR Paragraph 5.3.1.8, “Regulatory Guide 1.65," states that the RPV studs, nut, and
washer materials will be ultrasonically examined after final heat treatment and prior to
treading. The applicant must also commit to surface examine those items using magnetic
particle or liquid penetrant examination after final heat treatment and prior to treading.

SSAR Paragraph 5.3.3.2.1, “Summary Description,” states that the interior of the RPV is
clad with stainless steel weld overlay and the bottom head is clad with Ni-Cr-Fe alloy. The
applicant musi specify the cladding process used and idenufy the weld materials by
specification and wvpe.

SSAR Paragraph 5.3.3.2.2, “Reactor Vessel Design Data,” states that CRD forged stub
tubes for the CRD housmg are made of ASME SB-564 materials. The applicant must
specify which grade of materials will be used. The applicant should also include the
material specifications for the RPV drain nozzles and parual penetration instrumentation
water level nozzles.

SSAR Paragraph 5.3 4, “COL Licens= Information,” should be revised to reflect that the
COL apphicant is 10 provide to the NRC stafl for review actual PT limits curves for the
specific RPV.

GE Response:

a) SSAR Section 5.3.1.2 will be changed to specify a maximum himit of 0.65% Vanadium
for weld materials in the beltline region (see attached).



For response to the staff position concermng comphance with RG 1.50. see RAI #
EMCB.2, Question 5. SSAR Para. 5.3.1.4 “Regulatory Guide 1.50" will be revised to
incorporate the NRC comment (see attached).

b) The SSAR Para 5.3.1.6.4 will be changed to provide four capsules located in the
beltline region, with a minimum lead factor of 1 (see attached).

¢) The SSAR Para 5.3.1.8 will be changed to require surface examination of studs, nuts
and washer maierials using magnetic particle or hquid penetrant examination after
final heat treatment and prior to threading (see attached).

d) SSAR Para 5.3.3.2.1 will be revised to include the following:

“A variety of welding processes, such as electroslag, submerged arc, manual welding eic.
are used for cladding dcptndmg upon the locztion and configuration of the item in the
vessel. Cladding in the “as<clad” condition may be acceptable for some deposits made
w th automatic processes such as submerged arc welding, gas metal arc welding, and

electroslag welding. For other processes, particularly where manual welding 1s employed,

some grinding or machining is required. Workmanship samples are prepared for each
welding process in the “as<clad” condition and for typically ground surfaces.”

“The welding material used for cladding in the shell area is ASME SFA 5.9 or SFA 5.4,
type 309L for the first layer and type 308L or 316L for subsequent lavers. For the bottom
head cladding, the welding matenal is ASME SFA 5.14, type ERNiCr3.” (see attached)

€) SSAR Para 5.3.3.2.2 and Table 5.2-4 will be revised to specify that the stub tube
matenial is ASME SB-564, Grade N06600. The material specifications for the drain
nozzles and water level instrumentation nozzles are specified in Table 5.24.

f) The SSAR Para. 5.3.4 will be changed to state the COL applicant will provide actual
P/T curves for the RPV (see attached).
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5.3 Reactor Vessel
5.3.1 Reactor Vessel Materials

5.3.1.1 Materials Specifications

The materials used in the reactor pressure vessel (RPV) and appurtenances are shown
in Table 5.2-4, together with the applicable specifications.

I'he RPV materials comply with the provisions of ASME Section 111, Subsection NB and
Appendix I, and also meet the requirements of 10CFR50, Appendix G. The RPV
materials also meet the additional requirements as explained in the following
subsections.

These materials provide adequate strength, fracture toughness, fabricability, and
compatibility with the BWR environment. Their suitability has been demonstrated by
long-term successful operating experience in reactor services.

5.3.1.2 Special Procedures Used for Manufacturing and Fabrication

The RPV is constructed primarily from low alloy, high strength steel plate and forgings.
Plates are ordered to ASME SA-533, TYPE B, Class 1, and forgings to ASME SA-508,
Class 8. These materials are melted to fine grain practice and are supplied in the
quenched and tempered condition. Further restrictions include a requirement for
vacuum degassing to lower the hvdrogen level and improve the cleanliness of the low
alloy steels. Materials used in the core beltline region also specify limits of 0.05%
maximum copper, and0).012% maximum phosphorous content in the base materials
and a 0.08% maximum copper and 0.012% maximum phosphorous, and 0.05%
maximum vapadium content in weld materials. The maximum sulfur content for base
material and weld material is 0.01%

Studs, nuts, and washers for the main closure flange are ordered to ASME SA-540,
Grade B28 or Grade B24 having minimum vield strength level of 893 MPa (129.5 ksi).
The maximum measured ultimate tensile strength of the stud bolting materials shall not
exceed 1172 MPa (170 ksi). Welding electrodes for low alloy steel are low hydrogen type
ordered 1o ASME SFA-5.5.

All plate, forgings, and bolting are 100% ultrasonically tested and surface examined by
magnetic particle methods or liquid penetrant methods in accordance with ASME
Section 11, Subsection NB-2500.

Fracture toughness properties of materials are also measured and controlled in
accordance with ASME Section 11, Subsection NB-2300.

All fabrication of the RPV is performed in accordance with GE approved drawings,
fabrication procedures, and test procedures. The shells and vessel heads are made from

Reactor Vessel 531
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formed plates or forgings, whereas flanges and nozzles are made from forgings.
Welding performed 1o join these vessel components is in accordance with procedures
qualified per ASME Section 111 and IX requirements. Weld test samples are required for
each procedure used on major vessel full penetration welds. Tensile and impact tests are
performed in accordance with ASME Code, Subsection NB-2300 to determine the
properties of the base metal, heat-affected zone (HAZ), and weld metal.

Gas Tungsien Arc Welding (GTAW), Gas Metal Arc Welding (GMAW), Shielded Metal
Arc Welding (SMAW), and Submerged Arc Welding (SAW) processes are employed.
Flectroslag welding is not applied for structural welds. Preheat and interpass
temperatures emploved for welding of low alloy steel meet or exceed the values given
in ASME Section 111, Subsecuon NB, and Appendix D. Post-weld heat treatment at
593°C (1099°F) minimum and not exceeding 635°C (1175°F) is applied to all low-alloy
steel welds in accordance with ASME Code, Subsection NB-4620.

Radiographic examination #and surface examination are performed on all pressure-
containing welds in accordance with requirements of ASME Section 111, Subsection NB-
5%20. In addition, all welds are given 2 supplemental ultrasonic examination in

accordance with ASME Section 111, Subsection NB-2530.

The materials, fabrication procedures, and testing methods used in the construction of
the SBWR pressure vessels meet or exceed requirements of ASME Section 111, Class 1
vessels.

5.3.1.3 Special Methods for Nondestructive Examination

The materials and welds on the RPV are examined in accordance with methods
prescribed and meet the acceptance requirements specified by ASME Section 11,
Subsection NB-5000. In addition, the pressureretaining welds are ultrasonicaily
examined. The ultrasonic examination method, including calibration,
instrumentation, scanning sensitivity, and coverage, is based on the requirements
imposed by ASME Section XI, Appendix 1. Acceptance standards are equivalent or
more restrictive than required by ASME Section XL

5.3.1.4 Special Controls for Ferritic and Austenitic Stainless Steels

5§32

Regulatory Guide 1.31: Control of Stainless Steel Welding

Controls on stainless steel welding are discussed in Subsection 5.2.3.4.2.

Regulatory Guide 1.34: Control of Electroslag Weld Properties

The requirements of this regulatory guide are not applicable to the SBWR vessel, since
electroslag welding is not employed in structural welds.

Reactor Vessel — Amendment 1 DRAFT
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Regulatory Guide 1.43: Control of Stainless Steel Weld Cladding of Low Alioy
Steel Components

The RPV is constructed from low alloy steel forgings or plates conforming to SA-508,
Class 3 or SA-533, Type B, which are produced to fine grain practice, Therefore,
underclad cracking is not a concern, and the requirements of this regulatory guide are
not applicable.

Regulatory Guide 1.44: Control of the Use of Sensitized Stainiess Stesl
Sensitization of stainless steel is controlled by the use of service proven material. and by
use of appropriate design and processing steps, including solution heat treatmert,
corrosionresistant cladding, control of welding heat input, control of heat treatment
during fabrication and control of stresses.

Regulatory Guide 1.50: Control of Preheat Temperature For Welding Low Alloy
Steel

Regulatory Guide 1.50 delneatesprovides suggestions for preheat temperature control
requirements-and welding procedure qualifications supplementing those in ASME

Sections 111 and IX._Except as noted below, Regulatory Guide 1.50 will be followed.

I'he use of low alloy steel is restricted to the reactor pressure vessel. Other ferritic
components in the reactor coolant pressure boundary are fabricated from carbon steel
materials.

Preheat temperature employed for welding of low alloy steel meet or exceed the
recommendations of ASME Code Section 111, Subsection NB, and Appendix D.
Components are either held for an extended time at preheat temperature to assure
removal of hvdrogen, or preheat is maintained until post-weld heat treatment. The
minimum preheat and maximum interpass temperatures are specified and monitored.

Acceptance Criterion 11.3.b(1)(a) of SRP Subsection 5.2.3 for control of preheat
temperature requires that minimum and maximum interpass temperatures be
specified. While the SBWR conirol of low hydrogen electrodes to prevent hydrogen
cracking (provided in Subsection 5.2.3.3.2) does not explicitly meet this requirement,
the SBWR control will assure that cracking of components made from low alloy steels
does not occur during fabrication. Further, the SBWR control minimizes the possibility
of subsequent cracking resulting from hydrogen being retained in the weldment.

All pressureretaining welds are nondestructively examined by radiographic surface
examination methods. In addition, a supplemental ultrasonic examination is
performed.

Regulatory Guide 1.71: Welder Qualification for Areas of Limited Accessibility

Qualification for areas of limited accessibility is discussed under Regulatory Guide 1.71
in Subsection 5.2.3.4.2 of this report

Reactor Vessel 533
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specimens. The capsule loading consists of 12 Charpy V Specimens each of base metal,
weld metal, HAZ materizl, and three tensile specimens each from base metal and weld
metal. A set of out-of-reactor beldine Charpy V-notch specimens, tensile specimens, and
archive material are provided with the surveillance test specimens. Neutron dosimeters
and temperature monitors will be located within the capsules as required by

ASTM E-185.

FhreeFour capsules are provided as specified in ASTM E185 as required by 10CFR50,
Appendix H, since the design life of the vessel is 60 vears and predicted transition

temperature shift is less than 36°C (133°F) at the inside of the vessel.

The following proposed withdrawal schedule is in-aceordanee-withextrapolated from
ASTM E 185:

» first capsule: after 6 effective full power years;

® second capsule: after #5620 effective full power years;

s #aed-fourth capsule: schedule determined based on results of firsi4we three
capsules per ASTM E-185, Paragraph 7.6.2.

Fracture toughness testing of irradiated capsule specimens will be in accordance with
requirements of ASTM E-185 as required by 10CFR50 Appendix H.

5.3.1.6.2 Neutron Flux and Fluence Calculations

A description of the methods of analysis is contained in Subsection 4.1.4.5.

5.3.1.6.3 Predicted Irradiation Effects on Beitline Materials

Transition temperature changes and changes in upper shelf energy are calculated in
accordance with the rules of Regulatory Guide 1.99. Reference temperatures are
established in accordance with 10CFR50 Appendix G, and Subsection NB-2330 of the
ASME Code.

Since weld material chemistry and fracture toughness data are not available at this time,
the limits in the design document were used to estimate worst case irradiation effects.

These estimates show that the adjusted reference temperature at end of life for the
beltline weld and at the inside of the vessel are less than 18°C (64°F) and 13°C (56°F),
respectively, and the end-of-life upper shelf energy exceeds 68 | (50 fi-lb).

Reactor Vessel -— Amendment 1 DRAFT 637
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5.3.1.6.4 Positioning of Surveillance Capsules and Methods of Attachment
(Appendix H.Il B (2))

Surveillance specimen capsules are located ar-thsee four azimuths at a common

elevation in the core beltline region. A minimum capsule lead factor of 1 is used in.
determining the locations of the capsules The sealed capsules are not attached to the

vessel but are in welded capsule holders. The capsule holders are mechanically retained
by capsule holder brackets welded to the vessel cladding. Since reactor vessel
specifications require that all low alloy steel pressure vessel boundary materials be
produced to fine grain practice, underclad cracking is of no concern. The capsule
holder brackets allow the removal and reinsertion of capsule holders. Although not
Code parts, these brackets are designed, fabricated, and analyzed to the requirements
of ASME Section I11. A positive spring-loaded locking device is provided to retain the
capsules in position throughout any anticipated event during the lifetime of the vessel.
(See Subsection 5.8.4 for COL hcense information requirements pertaining to
materials and surveillance capsules.)

In areas where brackets (such as the surveillance specimen holder brackets) are located,

additional nondestructive examinations are performed on the vessel base metal and

stainless sieel weld deposited cladding or weld buildup pads during vessel manufacture.

The base metal is ultrasonically examined by straight beam techniques to a depth at ?
least equal to the thickness of the bracket being joined. The area examined is the area .
of width equal to at least half the thickness of the part joined. The required stainless
steel weld deposited cladding is similarly examined. The full penetration welds are
fiquid penetrant examined. Cladding thickness is required to be at least 3.2 mm
{0.125 in ). These requirements have been successfully applied to a variety of bracket
designs which are attached 10 weld deposited stainless steel cladding or weld buildups
in many operating BWRs. :

In-service inspection examinations of core beltline pressure retaining welds are
performed from either the inside or the outside surface of the RPV. If a bracket for
mechanically retaining surveillance specimen capsule holders were located at or
adjacent 1o a vessel shell weld, it would not interfere with the straight beam or half node,
angle beam inservice inspection ultrasonic examinations performed from the outside
surface of the vessel.

5.3.1.6.5 Time and Number of Dosimetry Measurements

GE provides a separate neutron dosimeter so that fluence measurements may be made
at the vessel ID during the first fuel cycle te verify the predicted fluence at an early date
in plant operation. This measurement is made over this short period to avoid saturation
of the dosimeters now available. Once the fluence to thermal power ou put is verified,
no further dosimetry is considered necessary because of the linear relationship between
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2580, after final heat treatment and prior to threading as speedied specified. * The
examination was in accordance with the requirements of ASME Code, Section 11, ASME
SA-388 and-ASTM-ABL4 (ASTM A3BR) . The procedures approved for use in practice
are judged 10 insure comparable material quality and are considered adequate on the
basis of compliance with the applicable requirements of ASME Code Subsection NB-
2580.

The straight beam examination is performed on 100% of cylindrical surfaces and from
both ends of each stud using a 19 mm (0.75 in.) maximum diameter transducer. In
addition, shear wave examination is also performed from the stud bore using a 60° shear
wav. probe. The reference standard for the radial scan contains a 12.7 mm (0.5 in.)
diameter flat bottom hole with a depth of 10% of the thickness. The end scan standard
is per ASFMABI4ASTM A388 Surface examinations are performed on the studs and
nuts after final heat treatment and threading as specified in the guide, in accordance
with ASIM-A644ASTM ASBS Any indication greater than that from the applicable
calibration feature is unacceptable. The distance/amplitude correction curve for the
straight beam end scan of RPV head studs, nuts, and washers is established as follows:

s For studs having a length (1) 10 O.D. ratio of 7 of less, the distance /amplitude curve
is established by a minimum of three test points along the test distance.

# For studs having length to O.D. ratios larger than 7, the minimum number of test
points is four. The test points are nearly equally spaced along the test distance. One
calibration hole is located at a test distance equal to L/2.

5.3.2 Pressure/Temperature Limits

5.3.2.1 Limit Curves

The pressure/temperature limit curves in Figure 5.3-1 and Figure 5.3-2 are based on
the requirements of 100CFR50 Appendix G and Regulatory Guide 1.99.

The vessel flange, RPV head and flange areas, feedwater nozzles, and the core beltline
areas were evaluated, and the operating limit curves are based on the most limiting
locations. The pressure /temperature limits are based on flaw sizes specified in
paragraph 5.8.1.5 (6). The maximum throughwall temperature gradient from
continuous heating or cooling at 55.0°C (100°F) per hour was considered. The safety
factors applied were as specified in ASME Section 111, Appendix G.

The materials for the vessel are provided with the following requirements of RTypy as
determined in accordance with the ASME Section I11, Subsection NB-2320: shell and
flanges -20% . (-4°F); nozzles - 20°C (4°F) and beltine welds - 40°C (-40°F).

Reactor Vessel — Amendment 1 DRAFT
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Temperature Limits for Boltup

Minimum flange and fastener temperatures of RT g plus 33°C (60°F) are required for
tensioning at preload condition and during detensioning. Thus, the minimum limit is -
20°C (-4°F) + 33°C (60°F) = 13°C (56°F). This is higher than that calcuiated in
accordance with the methods described in ASME Section 111, Appendix G.

Temperature Limits for ISI Hydrostatic and Leak Pressure Tests
Pressure versus temperature limits for preservice and inservice tests when the core is not
criical are shown in Figure 5.3-1.

Operating Limits During Heatup, Cooldown, and Core Operation
Figure 5.3-2 specifies limits applicable for reactor operation whenever the core is
critical, except for low-level physics tests.

Reactor Vessel Annealing

In-place annealing of the reactor vessel, because of radiation embrittlement, is not
necessary because the predicied value of adjusted RT ypyp does not exceed 93°C
(200°F), as required by 10CFR50 Appendix G, Paragraph IVB.

Predicted Shift in RTypr and Drop in Upper-Shelf Energy

For design purposes, the adjusted reference nil ductility temperature and drop in the
USE for the SBWR vessel is predicted in accordance with the requirements of
Regulatory Guide 1.99.

The calculations are based on the specified limits on phosphorous (0.012%), vanadium
(0.05%), copper (0.08%) and nickel (1.2%) in the weld material. In plate material and
forgings, the limits are copper (0.05% ), phosphorous(0.012% )and nickel (1.0%).

The esumated fluence ador the beldbme-weld above the TAF (at the inside of the RPV)
and at the support skirt flange (being in the beltline region) are Fa e

1.41*10% 1 /cm2 and 6-25340% amcem@6.2* 104 1 /cm? respectively.
pe

As required by 10CFR50 Appendix H. a surveillance program will be conducted in
accordance with the requirements of ASTM E-185. In addition, the specimens located
in the beitline forging shall be tested in accordance with the methods of ASTM E-813.
The surveillance program will include samples of base metal, weld metal and HAZ
material of the belthine forging and also, at the support skirt flange because of its unique
position. Subsection 5.3.1.6 provides additional detail on the surveillance program.

5.3.2.2 Operating Procedures

A comparison of the pressure versus temperature limit in Subsection 5.3.2.1 with
intended normal operation procedures of the most severe service level B transient
shows that those limits will not be exceeded during any foreseeable upset conditon.
Reactor operating procedures are established so that actual transients will not be more
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8 expected shifts in transition temperature during design life as a result of
environmental conditions, such as neutron flux, are considered in the design and
operational limitations assure that NDT temperature shifts are accounted for in
reactor operation; and

® operational margins to be observed with regard to the transition temperature are
specified for each mode of operation.

Power Generation Design Bases

The power generation design bases of the reactor vessel are:

s develop a simplified system that provides all safety-related functions [i.e., that
failure to provide a safety function is incredible (probability of failure is less than
Ix10E-4® per vear) |;

® develop the SBWR vessel with a design life of 60 years with a total plant availability
of 87% or greater; and

® design the reactor vessel and appurtenances which allows for a suitable program of
inspection and surveillance.

5.3.3.2 Description

5.3.3.2.1 Summary Description

5314

Reactor Vessel

The reactor vessel (Figure 5.3-3) is a vertical, cylindrical pressure vessel of welded low
alloy steel forging sections. The vessel is designed, fabricated, tested, inspected, and
siamped in accordance with ASME Code, Section 111, Class | requirements.

In addition, the design documents impose additional requirements to ensure integrity
and safety of the vessel. Design of the RPV and its support system meets Seismic
Category | equipment requirements, The materials used in the RFV are listed in
Table 5.24.

The cylindrical shell and top and bottom heads of the RPV are fabricated of low alloy
steel, the interior of which is clad with stainless steel weld overlay, except for the head
and nozzle weld zones. The bottom head is clad with Ni-<Cr-Fe alloy.

Reactor Vessel — Amendment 1 DRAFT
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Quality control methods used during the fabrication and assembly of the reactor vessel
and appurtenances assure that design specificatons are met,

The vessel head is secured to the reactor vessel by studs and nuts. These nuts are
tightened with a stud tensioner. The vessel flanges are sealed with two concentric metal
seal rings designed to permit no detectable leakage through the inner or outer seal at
any operating condition, including heating to operating pressure and temperature at a
maximum rate of 55°C (100°F) in any one-hour period. To detect seal failure, a vent tap
is located between the two seal rings. A monitor line is attached to the tap to provide an
indication of leakage from the inner seal ring seal.

Shroud Support

The shroud support brackets(Figure 5.3-3) are welded to the inside of the vessel and are
made of Ni-Cr-Fe conforming to ASME SB-168 or SB-166. The shroud brackets support
the weight of the steam separators, chimney, core plate and the peripheral fuel bundles.
The shroud brackets are classified as core support structures and are designed in
accordance with the ASME Section 111, Subsection NG.

Protection of Closure Studs
BWRs do not use borated water for reactivity control during normal operation. This
subsection is therefore not applicable.

5.3.3.2.2 Reactor Vessel Design Data

The reactor vessel design pressure is 8.62 MPa (1250 psig) and the design temperature
is 302°C (576°F). The maximum hydrostatic test pressure is 10.78 MPa (1564 psig).

Vessel Support

The vessel support skirt (Figure 5.3-3) is constructed of low alloy or carbon steel 1o
ASME SA-508, Class 3, SA-516, or SA-533. The 1op end of the support skirt is welded 10
the vessel. The vessel support skirt flange is bolted to the steel support structure which
is filled with grout. The anchor bolis are set in sleeves which are embedded in the grout.
Shear forces are resisted by friction between the skirt flange and the support structure
and/or between the flange and anchor bolts. The vessel support skirt is designed to
withstand the loading conditions specified in the design documents and meet the stress
criteria of ASME Code, Section 111, Subsection NF.
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Control Rod Drive Housings

The control rod drive (CRD) housings are inserted through the CRD penetrations in
the reactor vessel bottom head and are welded 1o forged stub tubes made of ASME
material SB-564 Grade N06600. Each housing transmits loads through the stub tubes to
the bottom head of the reactor. These loads include the weights of a control rod, a
control rod drive, a control rod guide tube (CRGT), a fuelsupport piece (integral with
the CRGT), and the four fuel assemblies that rest on the fuel support piece. The
housings are fabricated of Type-304 austeniuc stainless steel and designed in
accordance with ASME Section 111, Subsectuon NB.

in-Core Neutron Flux Monitor Housings
Fach in<core neutron flux monitor housing is inserted though the in-core penetratons
in the bottom head and welded o forged stub tubes conforming to SB-564.

An in-core flux monitor guide tube is welded to the wop of each housing and a startup
range neutron monitor (SRNM) or a local power range monitor (LPRM) is bolted to
the seal/ring flange at the bottom of the housing outside the vessel. The housings are
fabricated of Type-304 austenitic stainless steel and are designed in accordance with
ASME Section I, Subsecuon NB.

Reactor Vessel Insulation

I'he reactor pressure vessel (RPV) insulation is reflective metal type, constructed
entirely of series 300 stainless steel and designed for a 60-vear life. The insulation is
made up of a combination of two basic shapes— flat panels and cvlindrical panels. The
insulation for the bottom head and lower shell course inside the vessel support skirt is
a vertical cylindrical panel approximately 75 to 100 mm (3 to 4 in.) thick. This panel
extends vertically up to the support skirt4o-shell blend radius. There is also a horizontal
panel between 75 to 100 mm (3 to 4 in.) thick which connects across the bottom of the
vertical insulation panels. This panel is penetrated by the CRD housings, in<core
housings, and drain nozzles. These components are not insulated individually.

The insulation for the RPV is supported from the biological shield wall surrounding the
vessel and not from the vessel sheil. Insulation for the upper head and flange is
supported by a steel frame independent of the vessel.

At operating conditions, the insulation on the shield wall and around the refueling
bellows has an average maximum heat transfer rate of 176 keal/m?h (64.9 Buu/fit*h) of
outside insulation surface. The maximum heat transfer rate for insulation on the top
head is 168 kcal/m®h (60.1 Bu/ft*h). Minimum air temperatures outside the vessel
and insulation are as follows:

s  38°C (100°F), below and outside bottom head insulauon and inside the vessel
support skirt;

Reactor Vessel — Amendment 1 DRAFT
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5.3.4 COL License Information

Fracture Toughness Data

Fracture toughness data based on the limiting reactor vessel materials will be provided
by the COL applicant (Subsection 5.3.1.5). Pressure/temperature limit curves for the
RPV will also be provided (Subsection 5.3.2).

Materials and Surveillance Capsule

The following will be identified: (1) specific materials in each surveillance capsule;
(2) capsule lead factors; (3) withdrawal schedule for each surveillance capsule;

(4) neutron fluence to be received by each capsule at the time of its withdrawal, and,
(5) vessel end-of-life peak neutron fluence (Subsection 5.3.1.6.4)

5.3.5 References

§320

531 An Analvtical Study on Brittle Fracture of GE-BWR Vessel Subject to the
Design Basis Accident (NEDO-10029).
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Table 5.2-4 Reactor Coolant Pressure Boundary Materials (Continued)

Component Form Material Specification (ASTM/ASME)
Head Forging Carbon steel SA 350 LF 2
fining/penetration
piping
CRD
Middie flange Forging Stainless steel SA 182, F304L or 316L
Spool piece Forging Stainless steel SA 182, F304L or 316L
Mounting bolts Bar Alloy steel SA-I84-BISA 193, Grade B7
Seal housing Forging Stainless steel SA 182, F304L or 316L
Seal housing nut Bar Stainless steel SA 564, Gr 630 (H1100)
Reactor Pressure Vessel
Shells and Heads Plate Mn-1/2 Mo-1/2 Ni SA-633, Grade B, Class 1
Forging 3/4 Ni-1/2 Mo-Cr-V SA-508, Class 3

Low alloy steel
Shell and Head Forging 3/4Ni-1/2Mo-Cr-V SA-508 Class 3
Flange Low alloy steel
Nozzles Forging 3/4Ni-1/2Mo-Cr V' SA-508 Class 3

Low alloy steel
Drain Nozzles Forging 3/4Ni-1/2Mo-Cr-V SA-508 Class 1

Carbon steel
Instrumentation Forging Cr-Ni-Mo SA-1BZ, Type F316L*
Nozzles Stainless stee! or SA-336, Class F8 or F8'v

or SB-166, SB-167
Bar, Smis. Pipes Ni-Cr-Fe

Stub Tubes Forging Ni-Cr-Fe SB-564, Grade NO6600
isolation Condenser**
Steam pipe Seamless Carbon steel SA333, Grade 6
Condensate pipe Seamless Stainless stee! Type 316L*
Feedwater Piping
Pipe Seamiess Carbon steel SA 333, Grade 6

* Carbon content is not to exceed 0.020%.

** This includes only RCPB materials up to second isolation valve.

5244
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RAI Number: EMCB.5
Question:
SSAR Seciion 5.4.8 Reactor Water Cleanup/Shutdown Cooling System

There should be a provision for automatically maintaining flow through
filter /demineralizer units in the event system flow decreases 1o a point where the bed
may drop from septum.

The SSAR should address spent resin transfer from the demineralizers including a
description of the monitoring system.

The SSAR should describe the provisions for venting the RWCU components during
drain and fill operations.

GE should more explicitly specify materials of construction of the RWCU System. From
the statement made 1n the SSAR, it is not clear if stainless steel is used in the whole
RWCLU /SDC system or in its water cleanup portion only.

SSAR, page 5.4-29, 3rd paragraph. It should be 56°C/hr (100°F /hr) cooldown rate,
mstead of 56°C (100°F).

GE Response:

The RWCL /SDC demineralizers are not of the powdered resin filter /demineralizer type
which requires prowvision for automatically maintaining flow through them to hold the
resin in place. As explained in Section 5.4.8.1.2 under "Demineralizer,” the system has
radial flow mixed bed demineralizers. Also, Figure 21.5.4-2, sheet 4 shows that mixed
beds are provided. (See attached excerpts from P&ID Sheet 4, dated June 17, 1993.)

The method for spent resin transfer will be provided in Amendment 1 of the SSAR (see
attached). The monitoring system for the demineralizers is discussed in Subsection 9.3.2.

Venting of RWCU components during fill and drain operations will be discussed in
Amendment | of the SSAR. (see attached)

The statement concerning system materials will be clarified in Amendment 1 of the SSAR
to state that all components are stainless steel except for the nonregenerative heat
exchanger shell, which is carbon steel (see attached).

The typo concerning cooldown rate will be corrected in Amendment 1 of the SSAR (see
attached).
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Fach train of the RWCLU /SDC System performs the two functions of reactor water
cleanup and shutdown cooling with a common piping system. Those portions of the
system required for reactor water cleanup are designed for a flow rate of 39 m®/ hr (172

gpm) =

During reactor startup, while maintaining the flow within the cooling capacity of the

NRHX, the flow from the demineralizers can be directed to the main condenser hotweli
or the liquid radwaste system low conductivity tank for the removal of reactor water that
thermally expands during heatup and for removal of inflow from the Contrci Rod Drive
(CRD) Svstem to the RPV.

For RPV hydrotesting and startup, external heating of the reactor water is required if
decay heat is not available or the heatup rate from decay heat would be oo slow. An
electnic heater in each train is used 1o heat the reactor water.

System Components

The supply side of the RWCU/SDC System is designed for the RCPB design pressure
plus 10%. Downstream of the pumps, the pump shutoff head at 5% overspeed is added
to the supply side design pressure. The RWCU /SDC System includes the following
Major Components:

® demineralizers;

® pumps and adjustable speed motor drives;
8 non-regenerative heat exchangers;

8 regenerative heat exchangers;

e valves and piping; and

® electrical heater units.

Demineralizer — The RWCLU /SDC System has a radial flow mixed bed demineralizer
with a low pressure drop design. Design data for the demineralizers is listed in
Table 5.41.

A full shutdown flow bypass line with a throttle control valve is provided around each
demineralizer unit for bypassing these units whenever necessary.

Resin breakthrough to the reactor is prevented by a strainer in the demineralizer outlet
line to catch the resin beads. Non-regeneration type resin beads are used, minimizing
the potential for damaged beads passing through the strainer to the reactor. The
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demineralizer is protected from high pressure differential by a bypass valve. The
demineralizer is protected from overtemperature by automatic controls that first open
the demineralizer bypass valve and then close the demineralizer inlet valve.

added as a slurry. When sufficient
vented, and returned to service.

Pumps — The RWCL /SDC pumps overcome piping and equipment head losses and
feedwater line back pressure and return the treated water to the reactor through the
feedwater lines.

Pump design da‘a is listed in Table 5.4-2. Figure 5.4-3 shows the expected pump
performance for the various operating conditions. The pumps are sealless canned
motor (wet stator) type, having zero leakage. Figure 5 4-4 shows a typical crosssection
of this tvpe of pump. Drain lines to radvaste are provided to facilitate pump
maintenance. A conutinuous seal purge {'ow lakers from the CRD System is provided to
each pump motor. Cooling water for the motor heat exchanger is provided by the
Reactor Component Cooling Water System (RCCWS).

Pumps are protected from damage by foreign objects during initial startup by
leMporary startup suction strainers.

To ensure each pump does not operate against a completely closed discharge, alow flow
bvpass line is provided around each pump discharge control valve, located upsiream of
the demineralizer.

Adjustable Speed Drive (ASD) — The RWCLU SDC pumps are each powered from solid-
sitate frequencyconverter type ASDs. The ASDs receive 480 V electrical power at
constant ac voltage and frequency. The ASDs convert this to a variable frequency and
voltage in accordance with a demand signal from a system control unit. The variable
frequency and voltage is supplied to vary the speed of the pump motor. The ASD allows
effective control of cooldown rate, and reactor temperature after cooldown without the
need for throttle valves or cvcling the system.

Regenerative Heat Exchanger— Heat exchanger design data for the RHXs is listed in
Table 548 Fach RHX is used to recover sensible heat in the reactor water and to
reduce the recycle heat loss and avoid excessive thermal stresses and thermal cycles of
the feedwater piping. Thermal relief valves are provided on both the shell and tube
sides of the RHX.

Component and Subsystem Design — Amendment 1 DRAFT
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During heatup, the RWCLU /SDC System raises the RPV temperature to 80°C (145°F)
using electric heaters provided in each train.

The system 1s designed to provide sufficient flow, 91 m®/hr (400 gpm) through the
bottom head connections during heatup, cooldown, and startup operations to prevent
thermal stratification and to prevent crud accumulaton.

During reactor startup it is necessary to remove the CRD purge water injected into the
RPV and also the excess reactor water volume arising from thermal expansion. The
RWCU /SDC System accomplishes these volume removals and thereby maintains
proper reactor level until steam can be sent to the main turbine condenser.

After warmup to approximately 54°C (130°F), the RPV pressure is brought to saturation
by opening the vessel to the main condenser through the main steam and turbine
bypass lines to promote deaeration of the reactor water. The RWCU/SDC flow rate is
reduced to 34 ms/'hr (150 gpm) to prevent cavitauon in the piping system and in the
pump suction.

The RWCLU /SDC System normally removes excess water by dumping, or overboarding,
to the condenser hotwell. If the demineralizer is bypassed, the radwaste system is used
as an alternative flow path to avoid radioactive coolant from entering the condensate
system. Both demineralizer units will be in service, each operating with about two-thirds
of the recirculating flow bypassed around the demineralizer unit. While the reactor
temperatures are below 71°C (160°F) during the initial startup, about 78 m®/hr

(344 gpm) will be overboarded to the main condenser. Later, when the reactor water
temperature exceeds 71°C (160°F), the overboarding flow will be reduced to about
57 m® /hr (250 gpm), the balance of the process flow is returned to the reactor.

Owverboarding is described in more detail below.

Overboarding — During hot standby and startup, water entering the reactor vessel from
the CRD System or water level increase due to thermal expansion during plant heatup,
may be dumped, or overboarded, to the main condenser to maintain reactor water
level.

Overboarding of reactor water is accomplished by using one of the two system trains for
overboarding and the other train for the reactor water cleanup function.

Component and Subsystem Design — Amendment 1 DRAFT
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I'he svstem can be connected to non-safetv-related standby ac power (diesel-
generators), allowing it to fulfill its reactor cooling functions during conditions when
the preferred power is not available.

Using an B-inch diameter pipe, the shutdown cooling function of the RWCLU /SDC
Svstem provides .iecay heat removal capability at normal reactor operating pressure as
well as at lower reactor pressures.

The redundant trains of RWCL /SDC permit shutdown cooling even if one train is out
of service; however, cooldown time is extended when using onlv one train.

In the event of loss of preferred power, the system in conjunction with the isolaton
condensers is capable of bringing the RPV 10 the cold shutdown condition {€ 100°C (£
212°F) | in 36 hours assuming the most limiting single active failure and with the
isolation condensers remove the initial heat load. Refer to Subsection 5.4.8.1.2 for a
descripuion of the RWCU /SDC pump motor adjustable speed drive and its operation
tor shutdown cooling.

System Operation

The modes of operation of the shutdown cooling function are described below:

Normal plant shutdown — The operation of the RWCU /SDC System at high reactor
pressure reduces the plant reliance on the main condenser or ICS. The entire cooldown
is contrelled automatically. As cooldown proceeds and reactor temperatures are
reduced, pump speeds are increased and various bypass valves are opened, as described
below. During the early phase of shutdown, the RWCLU' /SDC pumps operate at reduced
speed to control the cooldown rate to less than 56°C/hr (100°F/hr) or to less than
14°C/hr (25°F/ hr) for the “soft” shutdown procedure.

In order to maintain a 885640058356 C /hr (100°F /hr) cooldown rate, both
RWCLU /SDC trains are placed into operation early during the cooldown, but with the
pumps and system configuration aligned to provide a total system flowrate of
approximately 120 m®/h (530 gpm) with 60 m?/h (265 gpm) per train. The flow rate
for each train is gradually increased to approximately 296 m®/hr (1300 gpm) thus
ending with total system flow rate at a maximum of 592 m®/h (2600 gpm). To
accomplish this, in each train, the bypass line around the RHX, and the bypass line
around the demineralizer are opened to obtain this quanuty of system flow for the
ending condition of the shutdown cooling mode. In addition to the 4inch RCCWS inlet
valve to the NRHX being open, at an appropriate point the 10-inch motor operated
RCCWS inlet valve opens o increase the cooling water flow to each NRHX.

The automatic reactor temperature control function controls the ASD controlling the
cooldown by gradually increasing the speed of the system pumps up to the maximum
pump flow. Water purification operation is continued without interruption.

Companent and Subsystem Design - Amendmernit 1 DRAFT §4.29
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N ables 3.3-2a ; 3-2b:
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Table 3.3-3 Factor (azn/gz130) to Adiust Table 2 Loads for Building Heig!

Qther Than 39.5 Meters (130 ft)
[ (@;"/q; ) (a;"/a; ")
| Exposure C Exposure D
l Building Height =1.00and =111 1=100and!=111
[ 0-15 054 0.65
; 20 0.58 0.69
! 25 0.63 0.72
i 30 0.66 0.75
i 40 0.71 0.79
i 50 0.76 0.83
60 0.80 0.86
70 0.84 0.89
80 089 0.91
90 0.90 0.93
100 0.93 0.95
120 0.98 0.98
130 1.00 1.00
140 1.02 1.02
160 1.06 1.04

338 Wind and Tornado . nadings — Amendment 1 DRAFT



RAI Number: EMCB.6
Question:
SSAR Section 6.1 Engineered Safety Feature Materials

Table 6.1-1, “Engineered Safety Features Component Materials,” states that containment .
vessel liner plate may be SA-285 Grade A up to 64mm. This is not acceptable because it |
does not meet the requirements of Paragraph NE-2221(c), Section III of the ASME Code
which require that only fully killed and vacuum degassed steels are used for the
containment construction.

GE Response:

This comment is acceptable. The material will be changed in Amendment 1 (see
attached) to SA-516 grade 60 or 70 to meet the requirements of ASME Section 111,
Paragraph NE 2121 (c).
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Table 6.1-1 Engineered Safety Features Component Materials
Component Form Material Specification (ASTM/ASME)
Containment
Containment Vesse! Liner?
Plate <64 mm Carbon Steel SA-286-G+ASA- 518 GrE0 or Gr
10
Plate >64 mm Carbon Steel SA-516 Gr60 or Gr 70
Plate Stainless Steel SA-240 Type 304L°
Cladding Stainless Steel SA-264
Penetrations Plate Carbon Steel SA-516 Gr60 or Gr 70
SA-537 Class 1
Pipe Carbon Steel SA-333Gré
Pool Liner Sheet Stainless Steel

Vent Pipe

| PCCS

Condenser

Piping

Flanges

Structural Steel

Nuts and Bolts

Plate

Shapes

Plate

Forging
Tube
Pipe

Pipe

Bar

Drywell Head, Personnel Lock, Equipment Hatch

Carbon Steel

Carbon Steel

Stainless Steel

Stainless Steel
Stainiess Steel
Stainless Steel
Stainless Steel

Stainless Steel

Stainless Steel

SA-240 Ty?a 304L or A-167
Type 3041

SA-516 Gr 70 or SA-1i37 Class 1
A-36, A572 Gr 50

SA-240 Gr 304L

SA-182 Gr F304L

SA-213 Gr TP304L
SA-312 Gr TP304L
SA312 Gr TP304L

SA182 Gr F304L

SA194 Gr 8, SA193 Gr B8

Engineered Safety Feature Materials — Amendment 1 DRAFT




RAI Number: EMCB.7
Question:
SSAR Section 6.1.2 Organic Materials

The SSAR imposes radiation exposure limit for organic materials of 1E10 rads. GE
should state that this limit applies for the whole life of the plant.

COL License Information should require that protective coatings in post-accident
environments consider the generation of hydrogen from Zn containing primers anc'
lopcoats.

The protective coatings should meet the requirements of ANSI 101.2, “Protective
Coatings (Paints) for Light Water Nuclear Reactor Containment Facilities.”

GE Response:

As noted in Tables 3D-6, 3D-7, 3D-8, and 3D-9, the integrated dose for normal operation
conditions used in equipment qualification means the integrated value over the 60-year
life of the plants. In addition, as noted in Tables 3D-14, 3D-15, 3D-16, and 3D-17, the
integrated dose for accident conditions means the integrated value over 6 months
following a design basis accident. The radiation exposure limits for organic materials are
consistent with these integrated doses, the function of the component, and the design life
of the component.

Additional information regarding Zn-containing primers and topcoats is not considered
necessary. GE does not plan to use any Zn coatings, as none have been qualified for
nuclear service to the relevant ANSI standards. Current Zn-rich coatings will not meet
EPA reguiations as well.

All epoxy coatings will meet the requirements of ANSI N101.2, N101.4, and N5.12, as well
as Regulatorv Guide 1.54.




RAI Number: EMCB.8

Question:
SSAR Section 6.2.7 COL License Information

SRP 6.2.7, “Fracture Prevention of Containment Boundary,” requires that ferritic
materials that are part of containment pressure boundary meet the fracture toughness
invoked for Class 2 materials effective with Summer 1977 Addenda. The applicant must

make this commitment.

GE Response:

As noted in SSAR Table 1.9-1, the SBWR complies with the requirements of SRP Section
6.2.7. However, information describing how compliance is met is currently not provided
in Chapter 6 of the SSAR. Therefore, a new SSAR section will be added (Subsection
£.2.7) in Amendment 1 (see attached) that explains how fracture prevention of the
containment boundary is assured for SBWR. Other subsections within SSAR Section 6.2
will be renumbered, as deemed appropriate.
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Drvwellto-suppression chamber leakage rate tests are performed with the drvwell
isolated from the suppression chamber. Valves and system lineups are the same as for
the ILRT, except for paths that equalize drvwell and suppression chamber pressure,
which are open during the ILRT and are isolated during the drywell leakage test. The
drywell aumosphere is allowed to stabilize for a period of one hour after attaining the
test pressure. Leakage rate test calculations, using the suppression chamber pressure
rise method, commen# after the stabilization period.

The pressure rise method is based on containment atmosphere pressure and
temperature observations and the known suppression chamber volume. The leakage
rate is calculated from the pressure and temperature data, suppression chamber free air
volume, and elapsed tume.

Chapter 16 specifies the periodic drywell-to-suppression chamber leakage rate test
pressure, duration, frequency, and acceptance criteria.

None.

Containment Systems — February 28, 1983 6.2-56
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628 Relerences
62.9 Refercnces

6.2-1. W | Bilanin, The G.E. Mark Il Pressure Suppression Containment Analytical

Model, Jure 1974, (NEDO-20538).

622,  F.]. Moody, Maximum Discharge Rate of Liquid-Vapor Mixtures from Vessels,
General Electric Company, Report No. NEDO-21052, September, 1975.

6.2-3. Subcompartment Analysis Methods (SCAM). NEDE 2126, 7T6NEDY9; Class 11

6256 Containment Systems — February 28, 1993



RAI Number: EMCB.9
Question:
SSAR Section 9.3.2 Process and Post Accident Sampling System

The process and post accident sampling Systemn (PASS) should meet the requirements of
Section 11.B.3 of NUREG-0737.

One of the requirements of NUREG-0737 is that PASS should have capability to analyze
liquid samples with the upper nuclide concentration of 10 Ci/g. If the upper limit for
measuring PASS samples is only 1 Ci/g, it may take inordinately long time for the samples
to decay to this level of activity. In some cases, this decay time may cause unacceptable
delay in obtaining the results,

SRP 9.3.2, “Process and Post-Accident Sampling System,” requires that, in addition to the
sampling described in the SSAR, process sampling svstem should have capability to take
the following samples: sump inside containment, main condenser evacuation system
offgas and inlet and outlet of gaseous radwaste storage tank.

GE Response:

Calculations show that reactor water sample radioactivity during post accident conditions
is not expected to exceed 1 Ci/g. The reactor water is rapidly diluted with Gravity Driven
Cooling System (GDCS) water. If a break occurs in either the reactor vessel or any pipe
connected to the reactor vessel, suppression pool water will also dilute the reactor water.

The plant operators will respond to an accident using data from the Safety Parameter
Display System, Subsection 18.4.2.11, and will not need reactor water gross activity or
isotopic concentration data early in an accident. Samples for these data will be taken
later to support accident recovery planning.

Process monitoring for the sump inside containment and the main condenser evacuation
svstem offgas are discussed in Section 11.5.3.2.

There is no gaseous radwaste storage tank. Thus, sampling is not provided.




RAI Number: EMCB.10

Question:
SSAR Section 9.3.9 Hydrogen Water Chemistry

The design of the hydrogen water chemistry system in SBWR should meet the
requirements of EPRI Report NP-4500-SR-L.D, “Guidelines for Permanent BWR
Hydrogen Water Chemistry Installations.”

GE Response:

SSAR Section 9.3.9.1 indicates that EPRI report NP-4947-SR “BWR Hydrogen Water
Chemistry Guidelines” (Reference 9.3-1) 1s utilized.

RAI EMCB. 10 suggests utilization of EPRI report NP-4500-SR-LD “Guidelires for
Permanent BWR Hydrogen Water Chemistry Installations.” This was a imited
distribution document which was ulimately issued as NP-5283-SR-A (same utle). We will
revise Section 9.3.9.1 in Amendment 1 of the SSAR (see attached) to reference both NP-
4947-SR and NP-5283-SR-A for use as appropniate.
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9.3.85 Instrumentation Requirements

The flow of nitrogen gas from the HPNSS bottled nitrogen is automatcally iniated
when a pressure switch in the main supply line indicates low nitrogen supply pressure
The pressure switch also alarms in the main control room upon either low or high
pressure. The CACS supply isolation valve closes following a set time delay.

9.3.9 Hydrogen Water Chemistry System
9.3.9.1 Design Bases
Safety Design Be<is

The Hydrogen Water Chemistry System (HWCS) is non-nuclear, non-safetv-related and
required to be safe and reliable, consistent with the requirement of using hydrogen gas.
The hydrogen piping in the turbine building is designed to Seismic Category 1l
requirements,

Power Generation Design Basis

Thz BWR reactor cooiant is demineralized water, typically containing 100 to 200 parts
per billion (ppb) dissolved oxygen from the radiolytic decomposition of water. To
mitigate the potential for Intergranular Stress Corrosion Cracking (1GSCC) of
sensitized austenitic stainless steels, the dissolved oxygen in the reactor water can be
reduced to less than 20 ppb by the addition of hydrogen to the feedwater. The amount
of hydrogen required is in the range of 1.0 to 1.5 ppm. The exact amount required
depends on many factors including in-core recirculation rates. The amount required
will be determined by tests performed during the initial operation of the plant.

The concentration of hydrogen and oxygen in the main steam line and eventually in the
main condenser is altered in this process. This leaves an excess of hydrogen in the main
condenser that would not have equivalent oxygen to combine with in the offgas system.
To maintain the offgas system near its normal operating characteristics, a flow rate of
oxygen equal to approximately one-half the injected hydrogen flow rate is injected in
the offgas system upstream of the recombiner.

The HWCS utilizes the guidelines given in EPRI report "BWR Hydrogen Water
Chemistry Guidelines” (Reference 9.3-1) and “Guidelines for Permanent BWR
9.3.9.2 System Description

The HWCS, illustrated in Figure 9.3-1, is composed of hydrogen and oxygen supply
systems, systems o inject hydrogen in the feedwater and oxygen in the offgas and
several monitoring systems to track the effectiveness of the HWCS. These systems
monitor the oxygen levels in the offgas system, the feedwater system, the lower plenum
region and the RWCU inlet; hydrogen and pH levels in the feedwater system, the lower

Process Auxiliaries — Amendment 1 DRAFT 8329



25A5113 Rev A

SBWR Standard Safety Analysis Regort

9.3.10.5 Instrumentation

The oxvgen supply svstem has monitors which indicate to the operators when resupply
is required. A flow element will indicate the oxygen gas flow rate at all times. The gas
flow regulating valves will have pu:ition indication in the main control room,

The oxygen monitors are discussed in Subsection 9 32

9.3.11 COL License Information
Hydrogen Water Chemistry System

I'he COL applicant shall provide an oxvgen supply consisting of high pressure gas
cvlinders or a liquid tank sufficient to meet the requirements of the hvdrogen water
chemistry system and the oxvgen injection system as specified in subsections 9.8.9 and
93.10

9.3.12 References

9.%-1 EPRI Report NP-4947.SR, 1987 Revision, “BWR Hydrogen Water Chemistrv
Guidelines.”

9382

Process Auxiiiaries — Amendment 1 DRAFT 9333



RAI Number: EMCB.11

Question:

SSAR Section 9.3.10 Oxygen Injection System

SSAR Paragraph 9.3.10.1, “Design Basis,” states that during power operation, deaeration
in the main condenser may reduce the condensate oxygen concentration below 20 ppb,
thus requiring that oxygen be added. The amount required is up to approximately 5
cubic feet per hour. The last sentence should read: The amount required is up to
approximately 5 standard cubic feet per hour.

GE Response:

SSAR Section 9.3.10.1 will be revised in Amendment 1 (see attached) to indicate that the
amount of oxygen required is up to approximately 5 standard cubic feet per hour.
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concentration below 20 ppb, thus requiring that oxvgen be added. The amount
required is up to approximately 5 standard cubic feet per hour.

9.2.10.2 System Description

The oxygen supply systemn will be site dependent and will consist of high pressure gas
cvlinders or a liquid tank. A condensate oxygen injection module is provided with

pressure regulators and associated piping, valves, and controls to depressurize the
gaseous oxygen and route it to the condensate injection modules. There are check
valves and isolation valves between the condensate injection modules and the
condensate lines downstream of the condensate demineralizers and the optional

injection point upstream of the filters.

The flow regulating valves in this svstem are operated from the main control room. The
oxygen concentration in the condensate /feedwater system is monitored by analyzers in
the Process Sampling System (Subsection 9.3.2). An operator will make changes in the
oxvgen injection rate in response to changes in the condensate /feedwater
concentration. An automatic control system is not required because instantaneous
changes in oxygen injection rate are not required.

9.3.10.3 Safety Evsluation

The operation of the Oxvgen Injection System is not required to assure any of the
following:

s integrity of the reactor coolant pressure boundary;

s capability of shutting down the reactor and maintaining it in a safe shutdown
condition; or

& ability to prevent or mitigate the consequences of accidents which can result in
potential off-site exposures comparable to the guideline exposure of 10CFR100.

Consequently, the injection system itself is not safety-related. The oxygen storage facility
is located in an area in which large amounts of burnable materials are not present.
Usual safe practices for handling high pressure gases are followed.

9.3.10.4 Testing and Inspection Requirements

8.3-32

The oxvgen injection system is proved operable by its use during normal operation. The
system valves may be tested to ensure operability from the main control room. System
maintenance can be performed during refueling or maintenance outages.

Process Auxiliaries — Amendment 1 DRAFT




RAI Number: EMCB.12
Question:
SSAR Section 10.2.3 Turbine Integrity

SSAR Paragraph 10.2.3.1, “Materials Selection,” states that Charpy tests will be performed
in accordance with ASTM A-170. This is a typographical error and should be corrected to
read ASTM A-370.

SSAR Paragraph 10.2.3.4, “Turbine” states that the turbine rotor design will be solid
forged monoblock rather than shrunk-on disks. The applicant must specify that the
center of the shaft will be bored to remove metal impurities and permit inspection.

GE Response:

SSAR Paragraph 10.2.3.1 will be revised in Amendment 1 oi the SSAR (see attached) to
correct the typographical error and to state that Charpy iests will be performed in
accordance with ASTM A-370.

SSAR Paragraph 10.2.3.4 will not be revised to specify that the center of the shaft will be
bored to remove metal impurities and permit inspection. The decision whether to bore a
hole in the center of 2 monoblock rotor shaft should be left to the combined operating
license (COL) applicant and the rotor vendor, As the manufacturing and inspection
technologies continue to improve, the need to bore to remove chemical impurities
diminishes. During an ABWR meeting in November 1992, GE informed the NRC that
the presence of a bored hole in the shaft introdices additional stresses and reduces the
critical flaw size by a factor of 5. Therefore, boring a hole in the center of a monoblock
rotor shaft does not a prion produce a safer rotor,
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of the overspeed protection devices under controlled, overspeed condition is checked
at startup and after each refueling or major maintenance outage.

Provisions for testing each of the following devices while the unit is operating are
included:

@ main stop and control valves;

8 turbine bvpass valves;

® low pressure turbine combined intermediate valves;
®  overspeed governor;

8 turbine extraction nonreturn vaives;

8 condenser vacuum trip system;

s thrust bearing wear detector;

® remote trip solenoids;

® lubricating oil pumps; and

8 control fluid pumps.

10.2.3 Turbine Integrity

10.2.3.1 Materials Selection

10.2-10

Turbine rotors and parts are made from vacuum melted or vacuum degassed
Ni-Cr-Mo-V alloy steel by processes which minimize flaw occurrence and provide
adequate fracture toughness. Tramp elements are controlled to the lowest practical
concentrations consistent with good scrap selection and melting practice, and
consistent with obtaining adequate initial and long-life fracture toughness for the
environment in which the parts operate. The turbine materials have the lowest fracture
appearance transinon temperatures (FATTs) and hig ' Charpy V-notch energies
obtainable, on a consistent basis, from waterquenchec  ~r-Mo-V material at the sizes
and strength levels used. Since actual levels of FATT and Charpy V-notch energy vary
depending upon the size of the part, and the location within the part, etc., these
variations are taken into account in accepting specific forgings for use in turbines for
nuclear application. The fracture appearance transition temperature (50% FATT)
obtained from Charpy tests performed in accordance with specification ASTFM-A376
ASTM A-370 will be no higher than -18°C (0°F) for low-pressure turbine disks. The
Charpy V-notch energy at the minimum operating temperature of each low-pressure
disk in the tangential direction should be at least 81.3 N-m (60 ft-Ib).

Turbine Generator — Amendment 1 DRAFT



RAI Number: EMEB.O
Question:

The staff has preliminarily reviewed the critical valves for the SBWR plant design. A
crucial part of the review will be the reliability of these types of valves. In order for the
staff to begin its review, detailed technical information regarding the design and
reliability studies will be needed. The staff recognizes that some of this detailed
information may not be available at the design certification stage of the review. However,
pertinent assumptions that were used in determining valve design and reliability may be
beneficial to the staff and should be substituted in such cases where technical
information 1s unavailable. The staff will also need to conduct working-level meeting(s)
with GE to determine if the level of technical information submitted to the staff is
adequate in order to complete the SSAR review.

GE Response:

Information Data Sheets have been prepared for those valves considered “critical” for the
SBWR plant design. The data sheets include a brief description of the valve,
specifications, functional requirements and reliability data and /or assumptions.

The data sheets are attached in response to RAI EMEB.1.



RAI Number: EMEB.1
Question:

Detailed technical information on the design and component reliability are needed for
the following list of valves:

B32 FOO1, FOO4 (isolation condenser) N2 rotary 10" and 6" gate MOV,

B32 F005 (isolation condenser) NC 6” gate MOV,

B32 F006 (isolation condenser) NC 6" N2 piston-operated globe valve,

E50 FOO2A-F, FOOBA-C (gravity driven cooling system) 6” squib valves,

E50 FOO3A-F, FOO7A-C (gravity driven cooling system) 6" tilting disc, biased open check
valve.

* E50 FOOYA-C (gravity driven cooling system) 4" squib valve,
* (4] FOOSA/B (borared water injection line) 2" squib valve,

* SRVs -8 in all (automatic depressurization) dual mode solenoid-operated valve
(SOV) /steam-pressure operated, and

¢ DPVs -FOO4A-F (automatic depressurization) squib valves.

GE Response:
The attached data sheets have been prepared for the following valves:
B32-F001, F004, FO05, FO06 — Isolation Condenser System (IC)
C41-F003 — Standby Liquid Control System (SLC)
B21-F006 — Safety / Relief Valve (SRV)
B21-F004, FOO5 — Depressurization Valve (DPV)
Information for the following Gravity Driven Cooling System (GDCS) valves was
transmitted previously on May 14, 1993, MFN No.077-93 :

E50-F002, FOO6, FO09 — Squib Valves
E50-F003, FOO7 — Biased Open Check Valves



NFORMATION DATA SHEET FOR CRITICAL VALVE

MPL Item No.: B32-F001

System Nomenclature: Isolation Condenser (IC) Isolation Valve

DESCRIPTION

12-inch Nitrogen Rotary Motor Operated Gate Valve (was previously a 10-inch design)
w_different i

¢ Has pneumatic operator to provide diversity of actuator type compared with electric motor
operated gate valve in senies.

* Double disk or split (parallel) disk design is anticipated for improved operation and
performance.

Functional requirements

* The purpose of this valve is to protect against loss of pressure boundary integrity of the
outside- containment portion of the Isolation Condenser system.

e The valve closes upon either a signal of excess flow (high Ap) in the IC pipeline or a signal
of high radiation in the IC/PCC pool vent line to atmosphere.

Valv tu h

e 12 inch/minute stem motion,
* Fails as-is on loss of power.

_Expected Reliability

(A solenoid valve must open to allow N2 to operate gate valve. Four micro switches operate to
control valve operation.)

Failure of valve 10 close; estimate based on solenoid and electric motor operated valve data (as
reported in EPRI URD, Vol. I1I, Appendix A, "PRA Key Assumptions and Ground Rules):

Failure of solenoid to operate --- 1.0E-3 / demand
Failure of valve to operate (including actuator and switches) --- 4.0E-3 / demand

Page | of 22




INFORMATION DATA SHEET

VALVE SPECIFICATIONS
Process Fluid Data

Steam, water, or steam/water mixture can be flashing mixture.
e 1375 psig design pressure, saturation conditions. (110% of reactor system design pressure).

/Cl i

*  Must close against critical flow.
* Transient conditions decreasing from 1250 psig.

Leakage Requirements

* 5 Ib/hr air or N2 with 20 psig across the seated disk, after 40 cycles of operation
(closure/exercise) at 1250 psig/SO°F to 575°F.

e 410 pressurization and heat-up/cool-down cycles without valve operation (0-1250-0 psig:
70°F - 575°F - 70°F saturation).
240 full stroke closure/reopen tests at 1050 psig, S50°F.

30 closures at < 1250 psig, w/o IC rupture
¢ 2 closures under IC rupture conditions.

Normal
* Inside containment
135°F max, 40%-90% RH, 5x106 rads/year
* Up to 185°F max, local conditions, short duration

Design Accident

e N/A for valve closure (applicable accident is an outside containment break)
e Must remain closed, once closed, for conditions 340°F, decreasing.

Materials

e (Carbon steel body.
* Actuator may contain elastomeric seals and nonmetallic electric insulation.

Page 2 of 22



VALVE TESTS
Valy 1
e Engineering type test
e Environmental qualification test
e ASME code tests (e.g., hydrotest)
¢ Preservice operability test.
® Periodic in-service tests

Code

¢ Nondestructive examinations
* Hydrostatic testing (ASME Class 1)

Engineering Tests
Development test needed (low actuator Ap)

Prototype testing will be performed to confirm the adequacy of design.
e Production tests and inspections will be performed on each unit.

Pre-service
e Valve will be stroked after installation to confirm operability.

EQ

Operating history (actuator) includes pneumatic supply up to 1500 psi.
o [EEE-323/382 testing required to confirm durability in service/accident. (IEEE Class 1E)

In-service

Responsibility of Plant Owner
¢ Operational readiness tests anticipated every 3-months of plant operation.
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INFORMATION DATA SHEET

MPL Item No.: B32-F004

System Nomenclature: Isolation Valve

DESCRIPTION

6-inch Nitrogen Rotary Motor Operated Gate Valve
How different from other designs

* Has pneumatic operator to provide diversity of actuator type compared with electric motor
operated gate valve in series.

e Double disk or split (parallel) disk design is anticipated for improved operation and
performance.

* The purpose of this valve is to protect against loss of pressure boundary integrity of the
outside- containment portion of the Isolation Condenser system.

e The valve closes upon either a signal of excess flow (high Ap) in the IC pipeline or a signal
of high radiation in the IC/PCC pool vent line to atmosphere.

Valve and Actuator Characteristics

¢ |2 inch/minute stem motion;
® Fails as-is on loss of power.

_Expected Reliability

(A solenoid valve must open to allow N2 to operate gate valve. Four micro switches operate to
control valve operation. )

Failure of valve to close; estimate based on solenoid and electric motor operated valve data (as
reported in EPRI URD, Vol. III, Appendix A, "PRA Key Assumptions and Ground Rules):

Failure of solenoid to operate --- 1.0E-3 / demand
Failure of valve to operate (including actuator and switches) -~ 4.0E-3 / demand

Failure Rate = 5.0E-3 / demand
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INFORMATION DATA SHEET

VALVE SPECIFICATIONS
Process Fluid Data

e Saturated water or steam/water mixture. Can be flashing mixture.
e 1375 psig design pressure, saturation conditions. (110% of reactor system design pressure)

Open/Close Requirements

Must close against critical flow.
¢ Transient conditions decreasing from 1250 psig.

Leakage Requirements

e 5 [b/hr air or N2 with 20 psig across the seated disk, after 40 cycles of operation
(closure/exercise) at 1250 psig/S0°F to 575°F.

Expected Duty Cycles

410 pressurization cycles without valve operation, 0-1250-0 psig, 70°F (no thermal cycles)
240 full stroke closure/reopen tests at 1050 psig, S50°F.

135 thermal cycles, S75°F-70°F-575°F

30 closures at < 12.50 psig, w/o IC rupture

2 closures under IC rupture conditions.

Normal
Inside containment

e 135°F max, 40%-90% RH, 5x100 rads/year
e Up to 185°F max, local conditions, short duration

Design Accident

N/A for valve closure (applicable accident is an outside containment break)
e Must remain closed, once closed, for conditions 340°F, decreasing. |

Materials

* Stainless steel body.
 Actuator may conta.: elastomeric seals and nonmetallic electric insulation.

Page 5 of 22



VALVE TESTS
Valve testing
¢ Engineering type test
e Environmental qualification test
o  ASME code tests (e.g., hydrotest)
e Preservice operability test.
e Periodic in-service tests

Code

Nondestructive examinations
* Hydrostatic testing (ASME Class 1)

Engi ins Test
e Development test needed (low actuator Ap)

Prototype testing will be performed to confirm the adequacy of design.
e Production tests and inspections will be performed on each unit.

Pre-service
e Valve will be stroked after installation to confirm operability.

EQ

Operating history (actuator) includes pneumatic supply up to 1500 psi.
o [EEE-323/382 testing required to confirm durability in service/accident. (IEEE Class 1E)

In-service

Responsibility of Plant Owner
e Operational readiness tests anticipated every 3-months of plant operation.
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INFORMATION DATA SHEET

MPL Item No.: B32-F005

System Nomenclature: Isolation Condenser Condensate Return

DESCRIPTION
Valve N / ripti
6-inch, DC Electric Motor Operated Gate Valve
How different from other designs
¢ Electric motor operated gate valves are standard design,
* Split (parallel) disk or double disk type gate is anticipated for improved operation and
performance.
ional requi

Normally closed; one of two IC condensate return valves in parallel; opens upon initiation of the
IC system to permit return of condensed reactor steam back to the reactor vessel.

Yalve an 1

e |2 inch/minute stem motion;
* Fails as-is on loss of power.

Failure to operate:
NPRDS Data

4" - 11.99" Electric Motor Operated Gate Valve
Data based on past 10 years operation - all plants

Valve: 4641 records ; 4.1E+8 calendar hours ; 292 failures ; 7.1E-7 / hour

Motor Operator: 634 records ; 5.38E+7 calendar hours ; 407 failures ; 7.5E-6/ hr

Page 7 of 22



INFORMATION DATA SHEET

VALVE SPECIFICATIONS
Process Fluid Data
e Normally subcooled condensate

Temperature increases to 575°F when valve is first opened
¢ 1375 psig design pressure saturation conditions. (110% of reactor system design pressure.)

Open/Close Requirements
e Must open against 20 psi differential pressure from 0-1250 psig.

e 5 Ib/hr air or N2 with 20 psig across the seated disk, after 40 cycles of operation
(closure/exercise) at 1250 psig, SO°F to 575°F.

Expected Duty Cycles

410 pressurization cycles without valve operation (0- 1250 -0 psig); 70°F (no thermal cycles)
e 240 partial stroke openings; pressure differential negligible;
e 135 thermal cycles, S75°F-70°F-575°F

Environment Anticipate.
Normal
e [nside containment

e 135°F max, 40%-90% RH, 5x106 rads/year
e Up to 185°F max, local conditions, short duration

Design Accident

e N/A for valve opening (applicable accident initiates valve opening)
e Must remain open, once opened.

Materials

stainless steel body.
* Actuator may contain elastomeric seals an1 nonmetallic electric insulation.

Page 8 of 22
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Valve testing

e Environmental qualification test

* ASME code tests (e.g., hydrotest)
e Preservice operability test.

* Periodic in-service tests.

Code

¢ Nondestructive examinations
® Hydrostatic testing (ASME Class 1)

Engineering Tes.s

* Prototype testing will be performed to confirm the adequacy of design.
¢ Productin tests and inspections will be performed on each unit.

Pre-servic:

e Valve will be stroked after installation to co: firm operability.

EQ

e EQ (IEEE-323/382) may be by analysis (known hardware, similar conditions o existing

service).

* Responsibility of Plant Owner
* Operational readiness tests anticipated every 3-months of plant operation.

Page 9of.2
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INEORMATION DATA SHEET

MPL Item No.: B32-F006

System Nomenclature: Isolation Condenser Condensate Return

DESCRIPTION
Valve N / ri
6-inch, Pneumatic Piston-Operated Globe Vaive
How differernt from otner designs

e Uses pneumatic operator to provide diversity of actuator type (mounted in parallel with
F0O05): actuator holds valve closed; valve is opened by spring on shutoff or loss of
pneumatic pressure / electrical signal.

Normally closed; one of two IC condensate return valves in parailel; opens upon initiation of the
IC system to permit return of condensed reactor steam back to the reactor vessel.

Valve and Actuator Characteristics

® 12 inch/minute stem motion.
* Fails open on loss of power.

E ed Reliabili
(Two in-series solenoid valves must close to isolate from N2 source.)

Failure to operate or solenoid failure 1o close

NPRDS Data

All sizes of solenoid valves

Data based on past 10 years operation - all plants

4080 records ;: 2.73E+8 calendar hours ; 480 failures
Failure Rate = 1.7E-6 / hour ; Two valves = 3.4E-6 / hour

Air operated valve - failure to operate 10 de-energized position
2.0E-6 / hour (ALWR Requirements Document, Chapter 1, Appendix A*®)

== 8

* Note: Summary shows 1.0E-6/hr (typing error), but "Survey 7" survey data correctly
shows 2.0E-6/hr.
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VALVE SPECIFICATIONS

Process Fluid Data
e Normally subcooled condensate

e Temperature increases to 575°F when valve is first opened
e 1375 psig design pressure saturation conditions. (110% of reactor system design pressure.)

* Must open against 20 psi differential pressure from (-1250 psig.
Leakage Requirements

* 5 Ib/hr air or N2 with 20 psig across the seated disk, after 40 cycles of operation
(closure/exercise) at 1250 psig, S0°F to 575°F.

Expected Duty Cycles
410 pressurization cycles without valve operation (0- 1250 -0 psig; 70°F (no thermal cycles)

240 partial stroke openings; pressure differential negligible;
135 thermal cycles, 575°F-70°F-575°F

Envi  Anticipated
Normal

¢ Inside containment

o 135°F max, 40%-90% RH, 5x100 rads/year

* Up to 185°F max, local conditions, short duration

Design Accident

N/A for valve opening (applicable accident initiates valve opening)
e Must remain open, once opened.

Materials

e Stainless steel body.
e Actualor may contain elastomeric seals and nonmetallic electric insulation.
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INFORMATION DATA SHEET

VALVE TESTS

Valve testing

¢ Environmentu qualification test
e ASME code ‘¢sts (e.g., hydrotest)
.
.

Preservice cpoiatility test,
Periodic in-service iests.

Nondestructive examinations
¢ Hydrostatic testing (ASME Class 1)

Engineering Tests

* Prototype testing will be performed to confirm the adequacy of design.
¢ Production tests and inspections will be performed on each unit.

Pre-service
e Valve will be stroked after installation to confirm operabulity.

EQ

e EQ (IEEE-323/382) may be by analysis (known hardware, similar conditions to existing

service).
In-service

e Responsibility of Plant Owner
* Operational readiness tests anticipated every 3-months of plant operation.
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INFORMATION DATA SHEET

MPL Item No.: C41-FO03A & B

System Nomenclature: Standby Liguid Control System Injection Valve

DESCRIPTION

2-inch, nominal, squib-type SLC System Injection Valve

How different from other designs

Higher design pressure (2500 psig).
e Larger throat area for increased Cv, higher flow rates.

* Normally closed; opens on signal to permit injection of sodium pentaborate solution for
ATWS mitigation.
* May serve isolation function (in closed position).

Valve and Actuator Characteristics

* Squib (explosive) actuated valve.

e Explosive is detonated by a signal to the firing circuit.

e Explosive drives a steel shaft (the “ram”) vertically downward.

* Ram shears off a precisely-machined portion of the disk (the “cap”).
e Ram is held (wedged) in a conical section to keep out of SLC piping.

* Equal 1o or better than the EPRI URD, Vol. III, Appendix A, PRA Key Assumptions and
Ground rules.”

e Failure to open --- 3.0E-3 / demand
(used in SBWR PRA; same as the EPRI URD value)

¢ Inadvertent operation --- 5. 74E-8 / hr
(based on 696 years of BWR experience, SLC system, 2 valves / plant, no inadvertent

operations. This is superior to the EPR]1 URD value of 4.0E-7 / hr)
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» System design pressure is 2500 psig from accumulator to reactor entry nozzle.

» Pressure of 12.5% concentration sodium pentaborate solution on valve inlet side is
2500 psig

» Normal conditon on valve outlet side is demineralized water at reactor pressure (0 -
1250 psig design pressure) when valve is closed.

[! /r' B .

» Opens on time-delayed ATWS <ignal (3 min. delay)

 Fast-opening, <<0.1 sec {actual).

» Does not reclose without refurbishment. Internals (squib, ram, disk) are not reusable:
these must be replaced after use.

Leakage Requirements

» Zero leakage (leak tight).

« Upstream side is exposed to 215 depressurization cycles (from 1250 psig to zero) for
squib replacement — anticipated every 4 years, 60 year life

* Downstream side is exposed to reactor pressure cycles (pressure only, not
temperature ).

Envi sntici I

Normal
* Room temperature (mild environment)
« 0-100% RH

Design Accident
* Approximately 150°
« 0-100% RH

Materials

* Stainless steel body
« Explosive: Diazo dinitrophenol
* Primer: Lead azide
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Engineering tests
Environmental qualification.

-

.

e ASME code tests.

® Operability monitoring.

Code

Nondestructive examinations
* Hydrostatic testing (ASME Class 1)

Engineering Tests

¢ Engineering tests (by vendor).
e Production tests and inspections will be performed on each unit,

Pre-service

¢ Circuit continuity check.
¢ Bridgewire resistance check

EQ

e EQ tests have been performed on similar designs which have identical elastomeric and

explosive materials.
Seals have similar shape and function.
* EQ may therefore be established by similarity and analysis. (IEEE Class 1E)

In-service

e Operational testing is not possible; instead, the firing circuit is capable of being monitored

for circuit continuity.
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INFORMATION DATA SHEET

MPL Item No.: B21-F006 (SRVs)

System Nomenclature: Safety/Relief Valve

DESCRIPTION

Valv e/

8x10 Main Steam Line Direct Acting Safety/Relief Valve
(Over pressure Protection, ADS, and Manual Relicf)
(8 inch inlet flange, 10 inch outlet flange)

How different from other designs

* Expected to be the same design as existing SRVs used on currently-operating BWR/6 plants.
Direct acting SRV not pilot operated.
e May add a position indicator, such as a LVDT, for stem position detection

Functional requirements

¢ Opened by steam pressure, which overcomes spring force to lift the disk (safety mode
operation) - over pressure protection function.

e Opened by auxiliary power actuator (relief mode operation) - ADS function and manual
relief.

Valve and Actuator Characteristics

» “Servo-air” solenoid-driven pneumatic control valve provides air or N2 to lifting cylinder
which lifts a lever arm to lift the SRV stem.
s Fast relief mode opening time; less than 0.2 seconds.

Ex i Reliabili

Experience Basis: NPRDS data for direct acting Main Steam SRVs on GE BWRs, last 10
years of operation for Crosby and Dikkers SRV types; 1.07E+7 hours.

SRV stuck open beyond Tech. Spec. time limit: 2 events = 1,87E-7 / hr *
Inadvertent opening in relief (actuator) mode of operation: 3 events = 2.80E-7 hr *
Failures to open in relief (actuator) mode of operation: 4 events = 3.74E-7 / hr *
(2 - eiectrical connection; 1 - switch, 1 - unknown)

* This performance is significantly superior to EPRI URD numbers because the EPRI URD
numbers are based on pilot-operated SRVs rather than direct acting SRVs.

Page 16 of 22



Vv

SRV Safety mode (spring) setpoint data (found during surveillance/refurbishment) outside
the allowable range of +3 % of nameplate setpoint: 15 events = 1.40E-6/ hr

(12 known; 3 additional events estimaiwcd on the basis of incompiete information)

Largest deviations from setpoint reported in the data base: 5.6% low ; 4.45% high
Theoretical frequency of failure to open in safety mode, based on the above experience basis
and zero catastrophic failures to open reported to date:

= 6.5

N

Process Fluid Data

-

Normally saturated steam, 99% quality.
Saiurated steam to 50% quality steam/water mixture, accident case(s).
1375 psig design pressure, saturation conditions (110% of reactor system design pressure)

Open/Close Requirements

Safety mode - fully open with full rated capacity discharge at 103% of spring set pressure.
Relief mode - open upon receipt of manual electrical signal to solenoids.

Leakage Requirements

Design capability = <20 Ib/hr (steam) after 180 power (relief) actuation’s plus 20 steam
(safety) actuation's.

Expected Duty Cycles

410 pressurization and heat-up/cool-down cycles without valve operation (0-1250-0 psig;
T0°F-575°F-70°F, saturation)

Approximately 40 full stroke open/close tests during 60 year life (one during startup after
each outage).

Design capability > 1000 relief actuations per S-year maintenance interval (> > expected
service)

<2 safety actuations per 60-year plant life.
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INFORMATION DATA SHEET

E v. I ! nI . - l i
Normal

Inside containment
o 135°F max, 40%-90% RH, 5x106 rads/year @
¢ Up to 185°F max, local conditions, short duration I

Design Accident

e 340°F, 100% RH for 3 hour
303°F, 100% RH for 3 additional hours
* 303°F, 100% RH, 6 hr.- 100 days (subject to change) ,

Materials |

e (Carbon steel body .

VALVE TESTS c
Valve testing

* Engineering type tests.

e Environmental qualification tests. |
¢ ASME code tests. .
* Preservice operability test (performed during startup)
* Recertification tests
* Post-outage startup tests

Code

ASME, CLASS | AND OVER PRESSURE PROTECTION DEVICE |
Nondestructive examinations. |
Hydrostatic testing

Capacity certification

Set point testing and adjustment
Blowdown adjustment

Engineering Tests

e Will use same as existing designs; development tests not required (except possibly for
position indicator).
Prototype tests complete (except possibly for position indicator).

¢ Production tests and inspections will be performed on each unit.
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Pre-service

* Relief mode operating during startup at > 800 psi - operability test with steam under disk to
minimize d ~lopment of steam leakage past the seat.

£Q |
I
¢ EQ tests have been performed on identical designs at similar or more severe environments |

(except that position indicator may require qualification).
* [EEE-323/382, NUREG-0588 (IEEE Class 1E)

l!lbx‘ ' !‘n g
Responsibility of plant owner.

¢ Should be performed per OM-1. (recertification testing - set point and leakage, actuator
refurbishment - on planned interval of 5 years or less per each SRV.
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INFORMATION DATA SHEET

MPL Item No.: B21-F004, F005 (DPVs)

System Nomenclature: Depressurization Valve

DESCRIPTION

Valv /

12 x 7 x 12 Main Steam System Depressurization (squib) Valve
(12 inch inlet flange; 7 inch orifice; 12 inch outiet flange)

w diffe om

New technology
Significantly larger model ¢ f squib operated valve than any previous squib valve model used
in GE BWR plants

* Technically a propellant-operated valve (not an explosive-operated valve).

Functional requirements

e Normally closed; opens in response to LOCA/low reactor water level events to depressurize
the reactor

Valv 1

Squib (propellant) actuated valve.

Propellant is ignited by a signal to the ignitor circuit.

Propellant drives a piston vertically downward.

Piston shears off a precisely machined portion of the disk (“nipple”), opening the valve.
Disk is held in place by a hinge pin, so as not to become a projectile.

* Significantly better* than the figures given for “explosive valves” by EPRI URD, Vol. 1I,
Appendix A, “PRA Key Assumptions and Ground rules.”
Fail to open: 3.0E-3 / demand (used in SBWR PRA; same as the URD value)
Inadvertent operation: 5.74E-8 / hr (Based on 696 years of BWR experience, SLC system,
2 valves / plant, no inadvertent operations. This is superior to the URD value of 4.0E-7 / hr)

* "Significantly better", based on the following:
Historical data for reliability of the BWR explosive valves is based on the explosive valves
used in the SLC system. These valves use a lead azide primer and diazodinitrophenol squib.
The DPV primer uses a zirconium/potassium perchlorate primer and a carbon/potassium
nitrate squib.
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e From the standpoint of failure to open, the zirconium/potassium perchiorate primer is
more likely to fire reliably upon receipt of the electrical signal. (Both squib types will
fire reliably when the primer is ignited.)

e From the standpoint of inadvertent operation, both primers are stable. The zirconium /
potassium per: "lorate squib is much more stable than the diazodinitrophenol squib, and
remains stable at much higher temperature and radiation levels

VALVE SPECIFICATIONS
Process Fluid Data

e Normally saturated steam, 99% quality.
e Saturated steam to 50% quality steam/water mixture, accident case(s).
» 1375 psig design pressure, saturation conditions (110% of reactor system design pressure)

* Opens on signal to the ignitor circuit.

o <().45 sec (spec); < <0.1 sec (actual).

¢ Does not reclose without refurbishment. Internals (squib, piston, disk) are not reusable;
these must be replaced after each use

Leakage Requirements

e Zero leakage (leak tight).

e 410 pressurization and heat-up / cool-down cycles without valve operation (0-1250-0 psig;
70°F-575°F-70°F, saturation)
® <2 operations during 60-year service

Eayi { Anticipated
Normal

Inside containment
135°F max, 40%-90% RH, 5x100 rads/year
* Up to 185°F max, local conditions, short duration

Design Accident
340°F, 100% RH for 3 hour
303°F, 100% RH for 3 additional hours
303°F, 100% RH, 6 hr.-100 days (subject to change)
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INFORMATION DATA SHEET

Materials

¢ Stainless steel body
Propellant: Carbon, Potassium Nitrate
e Primer: Zirconium Potassium Perchlorate

VALVE TESTS

Valy
Engineering type tests.
Environmental qualification tests.

ASME code tests.
Operability monitoring

Code

Non destructive examinations
* Hydrostatic testing (ASME Class 1)

v

e Development tests are completed.
* Prototype tests are complete.
¢ Production tests and inspections will be performed on each unit.

Pre-service

e Circuit continuity check.
* Bridgewire resistance check.

EQ

¢ EQ tests have been performed on a prototype unit including multiple primers.
e EQ for production units will be by identity/similarity analysis.
(IEEE Class 1E)

In-service

e Operational testing is not possible; instead, the firing circuit is capable of being monitored
for circuit continuity.
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RAI Number: HHFB.2

Question:
SSAR Section 13.2.1-2, “Training”

The details of the site-specific training program are not within the scope of the SBWR
standard design certification. However, the application should provide a description of
the process to ensure that technically relevant training information is provided to the
COL applicant.

GE Response:

GE agrees that the details of the site-specific training program are not within the scope of
the SBWR standard design certification. GE also recognizes the need to provide
technically relevant training information beyond the design certification information to
the COL applicant. Itis GE's intent that the details of the agreement(s) in this area will
be established between GE and the applicant sometime during the procurement process.



RAI Number: HHFB 3

Question:
SSAR Section 13.5.2, “Plant Procedures”

The details of the sitespecific procedure development program are not within the scope
of the SBWR standard design certification. However, the application should provide a
description of the process to ensure that technically relevant procedure development
information is provided to the COL applicant.

GE Response:

GE agrees that the details of the site-specific procedure development program are not
within the scope of the SBWR standard design certification. GE also recognizes the need
to provide technically relevant procedure development information beyond the design
certification information to the COL applicant. It is GE’s intent that the details of the
agreement(s) in this area will be established between GE and the applicant sometime
during the procurement process.
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RAI Number: HHFB.4.2
Question:

DAC for this chapter were not included in the application.

GE Response:

The Design Acceptance Criteria (DAC) for Human Factors Engincering (HFE) were not
available at the ime of the August 1992 or February 1993 submittals of Chapter 18.
However, the Inspections, Tests, Analyses and Acceptance Criteria (ITAAC) were
included in the February 1993 submittal. SBWR SSAR Amendment | will include the
DAC for Chapter 18 based on the resolution of the DAC for ABWR.
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RAI Number: HHFB.4.5

Question:

The application does not identify the specific sources of operational experience used to
develop the control room standard design features, nor how the lessons learned from
such experience were incorporated into the SBWR MMIS design and implementation
process described in Appendix 18E.

GE Response:

The standard design features of the SBWR MMIS are identical to those in the ABWR
MMIS. The specific sources of operational experience and other information utilized in
the development of the standard design features are discussed in Appendix 18G of the
ABWR SSAR (GE Document 23A6100).

Appendix 18E is being revised to document the design implementation process in
Amendment 1 of the SSAR.



RAI Number: HHFB.4.6
Question:

The application does not identify the methodology used for selection of the design goals,
the bases and the criteria used for selection of an individual standard design feature, or
why the feature was selected for use.

GE Response:

The design goal and design bases, described in Section 18.2, were formulated through
the application of engineering judgement to the problem of creating a truly modern
MMIS. A fiveyear development program, which included surveys of trends in control
station design in all industries, research in the fields of automauon, display technology,
operator work load and many other related areas and questionnaires to many segments
of the management and workers in industry, contributed information which was utilized
in formulating the design goal and design bases of the ABWR and SBWR MMIS.

The selection of the individual standard design features was based upon the results of
validation testing which was the culmination of the fiveyear program mentioned above.
The development program and validation testing are described in Appendix 18G of the
ABWR SSAR (GE Document 23A6100).
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RAI Number: HHFB.4.7
Question:

SSAR Section 18.5 states that the remote shutdown system (RSS) design is described in
SSAR Subsections 7.4.1.4 and 7.4.2.4, and that the controls and instrumentation required
for system operation are discussed in SSAR Subsection 7.4.1.4.4. None of these
subsections are included in the application, and the information is not included in the
applicauon.

GE Response:

The Remote Shutdown Svstem design is described in SSAR Section 7.4.2. The previous
references were in error and will be corrected in Amendment 1 of the SSAR (see

attached).



2645113 Rev. A

SBWR Standard Satety Analysis Report

18.5 Remote Shutdown System

The Remote Shutdown System (RSS) provides a means to safely shut down the plant
from outside the main control room. It provides control of the plant systems needed to
bring the plant to hot shutdown, with the subsequent capability to attain cold shutdown,
in the event that the control room hecomes uninhabitabie.

['he RSS design is described in Subseesonsd4-4-4and4-4-24 Section 7.4.2 Allof the
controls and instrumentation required for RSS operaton are identified in Subsecton-
F4-4-4-4 Section 7.4.2 and in Figure 21.7.42.

The RSS uses conventional, hardwired controls and indicators to maintain diversity

from the main control room. These dedicated devices are arranged in a mimic of the
interfacing systems proress loops.

Aemote Shutdown System 18612




RAI Number: HHFB 4.8

Question:

The bases, criteria, and inventory of controls, displays, and alarms for design of the RSS
control panel are not contained in the application.

GE Response:

Please see the response to RAI HHFB.4.7.
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RAI Number: HHFB.4.9
Question:

The application does not identify any standard design features for the RSS control system
or control panel.

GE Response:

It is true that no standard design features are identified for the Remote Shutdown
Svstem. However, the design of the RSS is subject to the same detailed implementation
process as is that for the main control room MMIS.

e
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RAI Number: HHFB.4.10

Question:

The application does not state whether the process described in Appendix 18E will be
applied to the design of any portion of the RSS, including the RSS control panel.

GE Response:

The revised process 1o be described in the revised Appendix 1BE (See response to
HHFB.4.5) will be apphied 1o the design of the Remote Shutdown System (RSS). The
Human Factors Engineening (HFE) Design Acceptance Criteria (DAC) to be included in
SSAR Amendment 1 will also apply to the RSS.



RAI Number: HHFB.4.11
Question:

The plant systems and controls to which the SBWR MMIS design and implementation
process will be applied are not explicitly identified in the application.

GE Response: ~

The SBWR MMIS design and implementation process as described in Appendix 18E will

be applied to the Remote Shutdown System and to all of the systems which make up the |
plant process man-machine interface in the main control room as determined from the

task analysis.



RAI Number: HHFB 4.12
Question:

The process described in Appendix 18E reiterates the process depicted in Drawing
21.18E-1. However, the application does not:

¢ describe the qualifications and experience of the team that developed the process
described in Appendix 18E;

¢ identify what standards and/or guidance were used to develop the process described in
Appendix 18E;

*» provide the MMIS design definition used as the basis for the MMIS design and
implementation process mentioned in SSAR Section 18E.3.6;

* state the purpose for each process element;
¢ identify who is responsible for perforiance of each process element; and
¢ describe how the individual process elements are performed, i.e., methodology to be

used and the criteria to be applied.

GE Response:

Appendix 18E will be revised in Amendment 1 to the SSAR and will address all of the
above items.




RAI Number: HHFB.4.13

Question:

The application does not contain a description of the human factors engineering
verification and validation program to be used throughout the SBWR MMIS design and

implementation process.

GE Response:

Appendix 18E will be revised in Amendment 1 to the SSAR and will address the above
item.



RAI Number: HHFB.4.14

Question:

According to the process as described in Appendix 18E, completion of process Elements
| through 6 precedes submittal of the SSAR. No information regarding the conduct,
results, or documentation of these efforts are contained in the application.

GE Response:

Appendix 18E will be revised in Amendment 1 to the SSAR and will eliminate the
disucssion of earlier process elements. Refer to Appendix 18G of ABWR (GE Document
23A6100) for discussion of design and development activities.



RAI Number: HHFB 4.15
Question:

Thea ticn does not discuss the methodology used for and results of the following
tasks

® operatng exj erience review;

e system functional requirements;

allocation of functions;

-

task anaivsis;

¢ human ‘acuors verification and validation program.

GE Response:

Appendix 18E will be revised in Amendment 1 to the SSAR and will include discussions
of the plans for each of the tasks listed.
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RAI Number: HHFB.4.16

Question:

Appendix 18E discusses Figure 18E-1 and Table 18E.2-1; however, neither the figure nor
the table are contained in the application.

GE Response:
Appendix 18E will be revised in Amendment 1 to the SSAR to resolve the above item.
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RAI Number: HICB.1
Question:

In general, the SSAR has addressed the SRP but has not addressed the substantial amount
of additional criteria related to the use of digital control equipment in the 1&C systems
that has been addressed in the ABWR design review.

GE Response:

The criteria related to the use of digital control equipment in the 1&C systems is
addressed in the following SBWR SSAR sections: Section 7.1.2, Identification of Safety
Criteria; Section 7.3.4, Safety System Logic and Control; Section 7.3.5 Essential
Multiplexing System; and Section 7.7.7, Non-Essential Multiplexing System.

Industry codes and standards applicable to the design of the SBWR Standard Plant are
listed in Table 1.9-3. More detailed criteria are established in system design
specifications, procurement specifications, and installation specifications.

Where applicable, the criteria related to the use of digital control equipment is the same
as that used in ABWR. Any forthcoming question of a specific nature will be responded
1o in a more specific manner.
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RAI Number: HICB.2

Question: |

There is no comparison of the SBWR design to the EPRI ALWR (Passive Plant) Man-
Machine Interface System (MMIS) Requirements Document.

GE Response:

An assessment of the conformance of the contents of Chapter 18 to the EPRI Passive
Plant Requirements Document has been made. This is part of an overall assessment of
the SBWR Standard Safety Analysis Report against the EPRI Requirements Document
that is contained in Appendix 1C.



RAI Number: HICB.3

Question:

There is no submittal for the Tier 1 design description or ITAACs. The review of the
SSAR must be concurrent with the review of the ITAACs.

GE Response:

The submittal of the Tier 1 design description or ITAACs is included with the February,
1993 SSAR update.




RAI Number: HICB 4
Queston:

There is no specific description of the SBWR 1&C systems hardware design. The SSAR
states that the environmental qualification information will be submitted on February 28,
1993. The SSAR does not address electromagnetic compatibility, fiber optic qualification,
or other issues specific to the digital equipment that is described in the SSAR submittal.

GE Response:

Environmental equipment qualification is addressed in Section 3.11 and Appendix 3D
(submitted in February 1993).

The interconnecting fiber optic links of the multiplexing system and Safety System Logic
and Control (SSLC) are not subject to electromagnietic interference (EMI) effects.
Optical fiber, being a non-electrical medium, has the inherent properties of immunity to
electrical noise, such as EMI, radio frequency interference (RFI), and lightning; point-to-
point electrical isolation; and the absence of conventional transmission line effects. Fiber
optic multiplexing is also unaffected by the radiated noise from high-voltage conductors,
bv high4requency motor control drives, and by transient switching pulses from
electromagnetic contactors or other switching devices.

However, the electrical-to-optical interface at the transmitting and receiving ends must
still be addressed to ensure complete immunity to EMI. The control equipment
containing the electrical circuitry use standard techniques for shielding, grounding, and
filtering and are mounted in grounded equipment panels provided with separate
instrument ground buses. Panel location, particularly in local areas, is carefully chosen to
minimize noise effects from adjacent sources. The use of fiber optic cables ensures that
current<carrying ground loops will not exist between the control room and local areas.

As part of the pre-operational test program, the system will be subjected to EMI testing.
EM! and RFI test measurements will be developed using the guidelines described in
ANSI/IEEE (63.12-1987, American National Standard for Electromagnetic Compatibility
Limits - Recommended Practice. For testing susceptibility to noise generation from
portable radio transceivers, tests will be developed from ANSI/IEEE €37.90.2-1987, IEEE
Trial-Use Standard, Withstand Capability of Relay Systems to Radiated Electromagnetic
Interference from Transceivers. Section 5.5.3 of this standard describes tests for digital
equipment using clocked logic circuits.

With the system connected, each microprocessor-based controller (one at a time) will be
required to demonstrate immunity to the defined conducted and radiated tests. Units
shall also comply with standard surge withstand capability tests, as follows:

(a) ANSI/IEEE C62.41 (1980), Guide for Surge Voltages in Low-Voltage AC Power
Circuits



(b) ANSI/IEEE C62.45 (1987), Guide on Surge Testing for Equipment Connected to
Low-Voltage AC Power Circuits

For design guidance and additional test development guidance, the following military
standards shall be used:

(a) MIL-STD-461C (1987), Electromagnetic Emission and Susceptibility Requirements
for the Control of Electromagnetic Interference

(b) MIL-STD-462 (1967), Measurement of Electromagnetic Interference Characteristics

Because of the comprehensive nature of these documents; their applicability to ground,
airborne, and shipboard equipment; and the differences in requirements for the Army,
Nawy, and Air Force, the use of these standards shall be limited to the susceptibility
requirements and limits for class A3 equipment and subsystems (ground, fixed). Within
these limits, the guidelines for Army procurements only shall be used. Tests for
transmitting and receiving equipment, power generators, and special purpose military
devices are not applicable.

The NRC staff is working with EG&G to develop comprehensive guidance on the type of
fiber optic cable, transmitter, and receiver combinations that will provide optimum
compliance with qualification requirements. The guidance will be based on the existing
IEEE cable standards, such as IEEE-323 and IEEE-384, on the ANSI standards for fiber
optic cables, and the results of the EG&G work.

These and other issues specific to the digital equipment described in the SSAR submittal
have been previously addressed in the ABWR SSAR (GE Document 23A6100) Appendix
7A and responses to Chapter 7 questions.



RAI Number: HICB.5
Question:

There is no documentation of the SBWR software design verification and validation,
configuration management control, or other aspects of software design management.
The SSAR does not describe the software standards and design methods to be used.

GE Response:

The SBWR software design verification and validation, configuration management
control, and other aspects of software design management are described in Section 3.3,
Software Development, of the SBWR Tier 1 Design Certification Document submitted in
February 1993. The Software Management Plan establishes the software standards and
design methods to be used.

Software standards are listed in SBWR SSAR, Section 7.3.4.5, under Software
Requirements.



RAI Number: HICB.6
Question:

There is no documentation of conformance with the TMI action items. The SSAR states
that this information will be submitted on February 28, 1993,

GE Response:

Conformance with the TMI action items is documented in Appendix 1A, "Response to
TMI Related Matters,” and was submitted on February 28, 1993, as planned.



RAI Number: HICB.7

Question:

There 1s no documentation of failure modes and effects analysis (FMEA) for the [&C
systems. The SSAR states that a FMEA will be submitted on February 28, 1993. However,
the SSAR does not describe if the 1&C systems will be specifically addressed.

GE Response:

The 1 & C systems will not be specifically addressed with a FMEA. The basis for this is
discussed in Section 1B.1 of the February 28, 1993 SBWR SSAR submittal.



RAI Number: HICB.9
Question:

The TS have not been provided. Several issues such as bypass capability and surveillance
intervals and methods described in the TS must be evaluated prior to a staff final safety
evaluation report.

GE Response:

GE is working closely with the NRC staff in the development of Section 3.3,
Instrumentation, of the ABWR Technical Specifications. When this activity is completed,
Section 3.3, Instrumentation, of the SBWR Technical Specifications (TS) will be updated
to make the SBWR approach consistent with the ABWR resolution of these issues.



RAI Number: HICB.10
Question:

The applicant has not provided a defense-in-depth study to address potential common-
mode failures of 1&C system equipment.

GE Response

Common-mode failures of 1&C system equipment have been addressed in the SBWR
design as part of the probabilistic risk assessment (PRA) in SSAR Attachment 19A8,
Dependent Failures. These dependencies are modeled and quantified in compliance
with the ALWR EPRI requirements methodology of the EPRI Advanced Light Water
Reactor Requirements Document; Vol. III, Appendix A to Chap. 1 - Rev. 3, May, 1992.

SBWR design incorporates defense-in-depth principles through maintaining separation
of control and protection functions even though sensors are shared within protection
systems. In addition, the shared sensors are designed within a full four division
architecture with 2-out-of-4 voting logic.

Diversity principles are incorporated at both the signal and system levels: (1) Diverse
parameters are monitored to automatically initiate protective actions which are also
manually controllable; (2) Multiple diverse systems are available to both shut down the
reactor to cool its core,

As discussed in SECY-95-087 and SECY-91-292, the NRC staff is continuing to (1) develop
regulatory guidance that could be used to assess diversity; (2) define the criteria needed
to satisfy the requirements for engineering activities and design implementation; and (3)
develop safety classification criteria for I&C systems in ALWR designs. As stated in SECY-
93-087 the NRC staff revised the initial position proposed in the draft Commission paper
dated June 25, 1992, for assessing the defenses against common-mode failures in a
design.

SBWR will address this issue by extending the ABWR study performed by Lawrence
Livermore National Laboratory to account for design differences of SBWR and any
forthcoming regulatory guidance.



RAI Number: OTSB.O

Question:

The staff has completed its initial acceptance review of the technical specification (TS)
selection criteria and content for the SBWR application, as presented in Section 16.0 of
the Standard Safety Analysis Report (SSAR). Based on the staff’s review, further
clarification 1s needed for the following OTSB RAls.

GE Response:

See GE's response for RAIs OTSB.1, OTSB.2, and OTSB.3.
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RAI Number: OTSB.1
Question;

The SSAR states that in accordance with the criteria of the Commission’s “Policy
Statement on Technical Specification Improvements " limiting conditions for operation
(LCOs) are provided. In order 1o verify this, a complete set of LCOs for the SBWR's
passive systems is needed (as well as providing schedules for those systems designated as
1o be determined (TBD)).

GE Response:

Following is a list of the Technical Specifications (TS) LCOs for the SBWR's passive
systems. Four systems TS contain information designated as to be determined (TBD).
The 1CS/PCCS Pool Level, TS 3.6.2.4 information is available at this time and the SR
3.6.2.4 has been updated to provide this data (sce attached). The other three systems
involve Completion Times labeled TBD. These are TS 3.1.7 Standby Liquid Control
(SLC) System, TS 3.8.1 DC Sources-Operating, and TS 3.8.6 Distribution System-

Operating. These Completion Times are expected to be available in Amendment 1 of the

SSAR.
SBWR Passive Systems [L.COs

TS 3.1.7 - Standby Liquid Control (SLC)

TS 3.4.6 - Isolation Condenser System (ICS)

TS 3.5.1 - ECCS-Operating

TS 3.5.2 - ECCS-Shutdown

TS 3.6.2.8 - Passive Containment Cooling System (PCCS)
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3.6 Containment Systems

— Amendment 1 DRAFT

3.6.2.4 ICS/PCCS Pool
1LCO 8624 1CS /PCCS Pool shall be OPERABLE.
APPLICABILITY: MODES 1, 2, and 3.
ACTIONS
CONDITION REQUIRED ACTION COMPLETION TIME
A 1CS/PCCS Pool Al Restore 1CS/PCCS Pool to 8 hours
inoperable. OPERABLE status.
B.  Required Action and B.1 Bein MODE 3. 12 hours
associated Completion N
Time not met. anb
B.2 Initiate actions to be in Immediately upon
MODE 4. achieving MODE
3.
C.  Unable to attain MODE 4 C.1  Maintain reactor coolant As soon as
as required by Required temperature as low as practical
Action B.2. practicable by use of
alternate decay heat
removal methods.
SURVEILLANCE REQUIREMENTS
SURVEILLANCE FREQUENCY
SR 3.6.24.1 Verify for each subcompartment of the 1CS/PCCS pool REFUELING
that the manual isolation valves are in their locked open INTERVAL
position.
SR 3.6.2.42 Verify that ICS/PCCS Pool water level is at least 31 days
SR 3.6.2.4.3 Demonstrate that each 1CS/PCCS pool REFUELING
subcompartment vent has unobstructed air flow path INTERVAL
through the vent line and moisture separator to the
atmosphere.
Technical Specifications 16.3.619
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RAI Number: OTSB.2

Question:

GE needs to identify the specific differences in the proposed TS requirements from those
contained in Rev. 0 of NUREGs 1433 and 1434.

GE Response:

A markup of the appropriate sections of NUREGs 1433 and 1434 will be undertaken with
completion and submittal in April 1994.

Because the ABWR 1&C Technical Specifications (TS) are being developed now with a
final submittal on January 24, 1994, the ABWR 1&C TS will be marked up to reflect the
differences for the SBWR 1&C TS.



RAI Number: OTSB.3

Question:

GE needs to provide specific justification for the changes to the completion times and
surveillance intervals in accordance with the basis for the staff's evaluation of related
topical reports.

GE Response:

Where appropriate, the bases submitted with the SBWR Technical Specifications have
been established based upon the BWR Standard Technical Specifications, NUREG 1433
and 1434, Rev. 0. Where the SBWR Technical Specifications differ significantly from the
BWR /4 and BWR/6 designs, the bases have been expanded to provide the justification
for the selected completion times and surveillance intervals.



RAI Number: PEPB.O

Question:

In general, the staff has concluded that GE’s application for FDA and SBWR design
cerufication regarding emergency preparedness requirements contained sufficient
information to establish that emergency preparedness requirements have been factored
into the design bases of the SBWR, with the exception of SSAR Section 1.8. The
following PEPB RAI's discusses the staff's concerns regarding SSAR Section 13.3.

GE Response:
SSAR Section 1.8 has been included in the February 28, 1993 SSAR submittal.



RAI Number: PEPB.I]

Question:

Table 13.3-1 contains a summary list of SBWR design considerations pertaining to
emergency planning. The table lists a Technical Support Center (TSC), Emergency
Operations Facility (EOF), Operations Support Center (OSC), Emergency Operations
Center (EOC), Fixed or Mohile Laboratory Facilines, Post-Accident Sampling (PASS)
Capability, and Onsite Decontamination Facility (ODF). The staff agrees that the EOF
and EOC are not within the scope of the SBWR design. However, it is the staffs position
that the OSC and ODFs are required for SBWR design certification. The staff also notes
that the reference as well as the emergency preparedness requirements given for the
FOC in Table 13.3-1 are apparently incorrect. The EOC is usually a state or local
government offsite facility. Please provide the basis for inclusion of this facility in Table
13.3-1.

GE Response:

Table 13.3-1 does state that the Emergency Operations Center (EOC) is not within the
scope of the SBWR Standard Plant. The listing will be deleted (see attached).
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Tabie 13.3-1 SBWR Design Considerations for Emergency Planning Requirements (Continued)

Primary Document/ T S
Facility Section Emergency Planning Requirements SBWR Design Consideration
Emergency NUREG-0696/1.3.3 The EOF is an off-site support facility for the The EOF is not within the scope of the SBWR
Operations management of overal! licensee emergency Standard Plant. it is the responsibility of the COL
Facility (EOF) response, coordination of radiclogical and apphicant to identify the EOF and the
environmental assessments, and determination communication interfaces for inclusion in the
of recommended public protective actions. The detatled design of the TSC and control room.
EOF has appropriate technical data displays and (See Subsection 13.3.3.2 for COL license
plant records to assist in the diagnosis of plant  information requirement.)The detailed
conditions to evaluate the potential or actua! requirements are provided in Section 4 of
release of radioactive mateniais to the NUREG-0696
environment. A senior licensee official in the
EOF organizes and manages licensee off-site
resources to support the TSC and the control
room operators. The OSC is an on-site assembiy
area separate from the control room and the
TSC and shall be provided for operations
support personnel to report to in an emergency.
There shall be direct communications between
the EOF and the TSC so that the personnel
reporting to the EOF can be assigned to duties
in emergency operations.
? ”'.mli":.i dote .l'"." - "'. PRI "'I' .I"". - ’l " '."’l llla'." "Ia""" thero-ie-ne-impaet-on-SBWR
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RAI Number: PEPB.2

Question:
More detailed information concerning the following facilities is needed:

* OSC - provide information on the OSC for the SBWR in sufficient detail to determine
that the facility will meet the requirements of Supplement 1 to NUREG-0737 and the
guidance of NUREG-0696.

* ODFs - provide sufficient information to determine that the ODFs for the SBWR will be
adequate in accordance with 10 CFR Part 50, Appendix E, Section IV.E3.

* TSC - provide information on the TSC for the SBWR in sufficient detail to determine
that this facility will meet the requirements of Supplement 1 to NUREG-0737 and the
guidance of NUREG-0696.

¢ Mobile or fixed laboratory facilities - provide information on laboratory facilities for the
SBWR clarifying the role of mobile or fixed laboratory facilities in the SBWR design and
the provisions made to acquire data from these facilities.

* PASS - provide sufficient information to determine that the PASS for the SBWR will
meet the requirements of NUREG-0737 including the onsite counting labs and their
design-basis radiation levels; location of all post-accident vital areas and their
access/egress routes during accident conditions.

GE Response:

Table 13.3-1 SBWR Design Considerations for Emergency Planning Requirements has
been revised to provide the additional detailed information requested (see attached).



Tabie 13.3-1 SBWR Design Considerations for Emergency Planning Requirements

Facility
 Technical
Support Center
(TSC)

®rimary Document/
Section

Emergency Planning Requirements

 NUREG0696/1.3.1

control room that shait provide plant
management and technical support to the
reactor operating personnel located in the
control room during emergency conditions. It
shall have techmcal data dispiays and plant
records available to assist in the detailed
analysis and diagnosis of abnormal plant
conditions and any significant release of
radioactivity to the environment. The TSC shali
be the primary communications center for the
plant during an emergency. A senior official.
designated by the licensee, shall use the
resources of the TSC to assist the control room
operators by handling the administrative items,
technical evaluation, and contact with off-site
activities, relieving them of these functions. The
TSC facilities may also be used tor performing
normal functions, such as shift technical
supervisor and plant operations maintenance
analysis functions, as well as for emergencies.

LAVHQ | Wwsuipuawy — Buiuuelg Asuabiaug

SBWR Design Consideration

The SBWR Standard Plant wek-complies with all |
the TSC design requirements. Specifically, a
TSC of sufficient size to support 26 peopie is
iocated in the reactor building above the control
room. Display capability in the TSC is described
in Subsection 18.4.2.11.

The TSC is located in a Seismic Category |
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Table 13.3-1 SBWR Design Considerations for Emergency Planning Requirements (Continued)

Primary Document/

Facility Section Emergency Planning Requirements SBWR Design Consideration

Operational NUREG-0696/1.3.2 The QSC is an on-site assembly area separate  The-08Gs-notwithintho-seope-of the- SRWR-

Support Center from the control room and TSC where licensee Stenderd-Rlant-The COL applicant is

{OSC) operations support personnel report in an responsible for identifying the OSC and the
emergency. There is direct communications communication interfaces for inclusion in the
between the OSC and the controi room and detailed design of the control room and TSC.
between the OSC and the TSC so that the (See Subsection 13.3.3.1 for COL license

personnel reporting to the OSC can be assigned information requirement.) The detailed

to duties in support of emergency operations. requirements are provided in Section 3 of
NUREG-0696.
The habitabili ' 1 ilabl

amas
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Table 13.3-1 SBWR Design Considerations for Emergency Planning Requirements (Continued)

W o

Primary Document/
Facility Section Emergency Pianning Requirements SBWR Design Consideration
Emergency NUREG-0696/1.3.3 The EOF is an off-site support facility for the The EOF is not within the scope of the SBWR
Operations management of overali licensee emergency Standard Piant. It is the responsibility of the COL
Facility (EOF) response, coordination of radiological and applicant to identify the EOF and the
environmental assessments, and determination communication interfaces for inciusion in the
of recommended public protective actions. The detailed design of the TSC and control rcom.
EOF has appropriate technical data displays and (See Subsection 13.3.3.2 for COL license
plant records to assist in the diagnosis of plant  information requirement.)The detailed
conditions to evaluate the potential or actual requirements are provided in Section 4 of
release of radioactive materials to the NUREG-0696.
environment. A senior licensee official in the
EQOF organizes and manages licensee off-site
resources to support the TSC and the control
room operators. The OSC is an on-site assembiy
area separate from the control room and the
TSC and shall be provided for operations
support personnel to report to in an emergency.
There shall be direct communications between
the EOF ard the TSC so that the personnel
reporting to the EOF can be assigned to duties
in emergency operations.
C £OGC et § ineludi uaie ) : -
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RAI Number: PRPB.O

Question:

SSAR Chapter 12 has been partially reviewed by the staff. The general finding of the
staff’s review is that SSAR Chapter 12 is incomplete. Specifically, the description of in-
plant airborne and contained radioactive sources are inadequate. Contained sources in
the radwaste building have not been submitted. A note in SSAR Section 12.2.5 indicates
that this will be submitted in February 1993, The plant locations and source geometries
are not given for those contained sources that are described in Chapter 12. No in-plant
airborne radioactive sources are described for the SBWR design. In addition, our review
tound significant omissions/ deficiencies in the radiation zone diagrams provided. Some
diagrams are missing. The staff counted 8 plant layout figures (Figures 21.1.2-2, Sheets 1
through 21.1.2.4) that do not have corresponding radiation zone figures. Missing
features on the zone diagrams that are provided included: boundaries for the
contamination,/ radiation control areas and their access traffic patterns; identification of
very high radiation areas, as defined in 10 CFR Part 20; location of health physics (HP)
facilities, including the onsite counting labs and their design-basis radiation levels;
location of all post-accident vital areas and their access/ egress routes during accident
conditions.

GE Response:

a) Please see item (¢) below for discussion of airborne contamination. Radwaste sections
have been submitted in the February 28, 1993 SSAR submittal.

b) A separate table of approximate source geometries and locations with respect to the
radiation zone drawings will be provided in a future SSAR amendment.

¢) In-plant airborne contaimination will be evaluated in accordance with the Radiation
Protection design acceptance criteria (DAC) and will be a COL applicant requirement.

d) Only floor levels and intermediate levels where radiations zones were changed were
provided in the radiation zone package. The base drawings also show other intermediate
levels for clarification of steel or equipment arrangement which do not change the
radiation zone. A correspondence table is shown below.

e) (1) Radiation/contamination areas are clearly defined. Access traffic patterns will be
added in a future SSAR amendment.

€) (2) Please provide clarification. The reactor building and radwaste building are
divided into zones A through H and zones A through F in the Turbine Buildings. All
drawings will be revised to the same zone designations in a future SSAR amendment.

) (3) Health Physics facilities and counting facilities will be clearly identified in a future
SSAR amendment after the service building functionality is completed. Currently,
monitoring and change facilities are found in all three main buildings with a counting
facility identified in the radwaste building.



e) (4) LOCA access pathways are identified but the definition of LOCA post accident
areas and routes will be expanded and clarified in a future SSAR amendment.

-
-~




RAI Number: RPEB.]

Question:

SSAR Section 14.2.1.1 Construction Test Objectives

SSAR Section 14.2.1.1 provides the purpose and scope of the construction and
installation test program. This section states that the test abstracts will not be provided.

It is the staff's position that GE should state how the construction and installation tests
will be developed and who will be responsibie for performing those tests.

GE Response:

The AE/Construction company will decide the details of the construction and
installation test program along with the COL Applicant. For the Design Certification, it is
not appropriate that the NSSS designer establishes responsibility for this testing.



RAI Number: RPEB 2
Question:
SSAR Section 14.2.2 Test Procedures

SSAR Section 14.2.2 discusses, in part, review, evaluation, and approval of initial plant test
results. It is stated that the final approval of test results is obtained from the S.ortup
Coordinating Group and the appropriate level of plant management as defined in the
Startup Administrative Manual. Itis the staff's position that this section of the SSAR
should be modified to clarify that the review and approva! of preoperational test results
are normally required prior to fuel loading. If portons of any preoperational tests are
intended to be conducted, or their results approved, after fuel loading, the staff has
determined that the applicant referencing the GESBWR-DC should be required to:

(1) list each test; (2) state which portions of each test will be delayed until after fuel
loading; (3) provide technical justification for delaying these portions; and (4) state the
power levels where each test will be completed.

GE Response:

GE agrees that the review and approval of preoperational test results are normally
required prior 1o fuel loading. Some preoperational tests may be postponed untl after
initial fuel load and during the startup test phase. The combined operating license
(COL) applicant is required to document the four requirements stated above, as
described in SSAR Section 14.2.6, first paragraph.



RAI Number: RPEB.3
Question:
“ AR Section 14.2.3 Test Program’s Conformance with Regulatory Guides

It is the staff's position that SSAR Section 14.2.3 should be modified to include the
following items:

* RG 1.95, “Protection of Nuclear Power Plant Control Room Operators Against an
Accidental Chlorine Release,” in accordance with SRP Section 14.2;

e The applicable portion (shutdown cooling) of RG 1.139, “Guidance for Residual Heat
Removal, " in accordance with SRP Section 14.2.

GE Response:

SSAR Section 14.2.3 will He modified as the staff's position indicates in Amend—~ent 1 of
the SSAR (see attached).
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s Regulatory Guide 1,140 — "Design, Testing and Maintenance Criteria for Normal
Ventilation Exhaust System Air Filtration and Adsorption Units of Light Water
Cooled Nuclear Power Plants.”

14.2 4 Utilization of Reactor Operating and Testing Experience in the Development
of Test Program

Since every reactor /plant in a GE-NE BWR product line is an evolutionary development
of the previous plant in the product line (and each product line is an evolutionary
development from the previous product line), it is evident that the SBWR plants have
the benefits of experience acquired with the successful and safe startup of more than 30
previous BWR-1/2/3/4/5 and BWR-6 plants. The operational experience and
knowledge gained from these plants and other reactor types have been factored into the
design and test specifications of GE-NE-supplied systems and equipment that will be
demonstrated during the preoperational and startup test programs. Additionally,
reactor operating and testing experience of similar nuclear power plants obtained from
NRC Licensee Event Reports and through other industry sources will be utlized to the
extent practicable in developing and carrying out the initial test program.

1425 Trial Use of Plant Operaiing and Emergency Procedures

To the extent practicable throughout the preoperational and i~“tial startup test
program, test procedures will utlize operating, emergency, and abnormal procedures
where applicable in the performance of tests. The usc i hese procedures is intended

to do the following:

s prove the specific procedure or illustrate changes which may be required;

# provide training of plant personnel in the use of these procedures; and

a increase the level of knowledge of plant personnel on the systems being tested.

A testing procedure utilizing an operaung, emergency, or abnormal procedure will
reference the procedure directly, extract a series of steps from the procedure, or beth.
in a way that is optimum to accomplishing the above goals while efficiently perforn.ng

the speafied tesung

itial Plant Test Program — Final Safety Analysis Repornt — Amendment 1 DRAFT 1427
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RAI Number: RPEB.4
Question:

SSAR Section 14.2.4 Utilization of Reactor Operating and Testing Experience in the
Development of Test Program

While the staff agrees with the statement in SSAR Section 14.2 that many parts of the
SBWR plant design have the benefits of experience acquired with the successful and safe
startup of more than 30 previous BWR design plants, the SBWR design is one of the first
standardized nuclear power plant designs which uses simplified, inherent, and passive
means 10 accomplish its safety functions. Therefore, it is the stafl’s position that SSAR
Section 14.2.4 should address a review of the vendor test program as required by

10 CFR 52.47(b)(2) (1) (A) and incorporate results of the vendor test program into the
initial test program, as appropnate.

GE Response:

GE agrees that the safety features must be demonstrated by one of the methods described
in 10CFR52.47(b)(2) (1) (A), but this regulation appears to apply to certification and not
the initial plant test program. Once a design reaches the imtial plant test phase, the
Design Certification will have been issued.

GE intends to utilize the information gained in the experiences, tests and analyses to
enhance the startup testing program. Additonally, the startup test program includes
testing to insure that Chapter 15 analyses are valid. Vendor test program information will
be utilized 1o meet requisition specifications and to understand SEC limitations, but it will
be the operational and safety limits that will be the focus of the initial test program, not
SSC ultimate capability. Vendor tests are more useful to establish component suitability
for a particular application during the component selection process and directly applied
in the construction and installation phase.

10 CFR 52.47(b)(2) (1) (A), April 30, 1992, addresses what must be done for Certification
and does not make a specific reference 1o the initial test program testing or a vendor test
program. Information required by 10CFR52.47(b)(2) (i) (A) has been provided by GE to
the NRC letter dated May 7, 1993, and will be included in Amendment 1 of the SSAR.

R e



RAI Number: RPEB.5

Question:
SSAR Section 14.2.7 Test Program Schedule and Sequence

It is the staff's position that SSAR Section 14.2.7 should address the requirement of the
applicant referencing the GESBWR-DC to: (1) list each test, that will not be performed
prior to exceeding 25-percent power, for all plant structures, systems, and components
that are relied upon to prevent, to limit, or to mitigate the consequences of postulated
accidents; (2) provide technical justification for delaying the tests; and (3) state the
power levels where each test will be completed.

GE Response:

SSAR section 14.2.7 lists the test program schedule and sequence and states, in part, that
“_ .. To the extent practicable, the schedule should establish that, prior to exceeding 25%
power, the test requirem ents will be met for those plant structures, systems, and
components that are rel ed on to prevent, limit, or mitigate the consequences of
postulated accidents.” ~his means that the testing shall be accomplished as scheduled in
the precperational testing phase and as required by Table 14.2-1. 1f not, the COL
Applicant should justif ' it accordingly. This is worded just as the equivalent section of the
ABWR SSAR and appears to address the question.



RAI Number: RPERB.7
Question:
General Comments on SSAR Secton 14.2

It is the staff's position that individual tests listed in Section 14.2 of the SSAR for
structures, systems, components, and features that are not essential to the demonstration
of conformance with design requirements important to safety, but which meet any of the
following criteria, should be identified.

e Those that will be used for shutdown and cooldown of the reactor under normal plant
conditions and for maintaining the reactor in a safe condition for an extended shutdown
period.

¢ Those that will be used for shutdown and cooldown of the reactor under transient
(infrequent or moderately frequent events) conditions and postulated accident
conditions and for maintaining the reactor in a safe condition for an extended shutdown
period following such conditions,

* Those that will be used for establishing conformance with safety limits or limiting
conditions for operation that will be included in the facility technical specifications.

* Those that are classified as engineered safety features or will be used to support or
ensure the operations of engineered safety features within design limits.

¢ Those that are assumed to function or for which credit is taken in the accident analvsis
for the facility, as described in the SSAR.

* Those that will be used to process, swre, control, or limit the release of radioacuve
materials.

GE Response:

This quest,on asks for lists of tests for structures, systems, components and features that
are not ~ssential to the demonstration of conformance with design requirements

impe: @ant to safety. Systems that are both safety-related and non-safetv-related and meet
ine criteria are provided in the following lists in the order of the six criteria:

1) The Reactor Water Cleanup/Shutdown Cooling (RWCU /SDC) System is used for cold
shutdown of the reactor during normal plant conditions and for an extended shutdown
period. It 1s a non-safety-related system. The applicable sections are 14.2.8.1.6 and
14.28.2.18.

2) Svstems used to reach the safe shutdown condition during transient conditions are the
engineered safety features listed in the response to item 4). The RWCU /SDC System
listed in response 1) is the nonsafety-related system used to reach cold shutdown during



infrequent or moderately frequent events. Tests for infrequent or moderately frequent
events are listed in Subsections 14.2.8.2.24 and 14.2.8.2 28,

3) There are no preoperational or startup tests that establish conformance with Safety
Limits or Limiung Conditions for Operation. These limits are controlled by ITACC tests
and by operating procedures developed by the COL applicant.

4) The engineered safety features are listed in Section 6.0. The systems are the
Containment, Containment Isolation System, the Safety System Logic and Control
(SSL.C), the Leak Detection and Isolation System (LDIS) the Isolation Condenser (1C)
System, the Passive Containment Cooling System (PCCS), the safety envelcpe, the
Flammability Control System (FCS), the Gravity-Driven Cooling System (GDCS), and the
Automatic Depressurization Subsystem (ADS), the Sealed Emergency Operating Area
(SEOA), and the Emergency Breathing Air System (EBAS). They are all safety-related
svstems. Applicable sections are 14.2.8.1.1, 142.81.7, 14.2.8.1.9, 14.28.22 1428223,
14.2.8.2.29,14.28.1.80, 14.2.8.1.31,14.28.1.32, 14.28.1.33, 14.2.8.1.34, 14.2.8.1.35,
14.28.1.36,14.2.8.1.37,14.2.8.1.40, 14.2.8.1.67, 14.281.70, 14.2.8.1.71, 14.28.1.72,
14281.73, and 14.28.1.74.

5) These systems are the engineered safety features listed to in response 4).
6) The Gascous Radwaste System, the Solid Radwaste System, and the Liquid Radwaste

System are described in Chapter 11 of the SSAR. These are non-safety-related systems.
Apph(ablc sections are 14.2.8.2.30, 14.2.8.2.58, 14.2.8.1.45, 14.28.1.53, and 14.2.8.1.69.



RAI Number: RPEB.B

Question:
General Comments on SSAR Secuon 14.2.8

It is the staff’s position that the Table of Contents in Sections 14.2.8.1 and 14.2.8.2 should
be extended to list all preoperational tests and startup tests covered in Section 14.2 of the
SSAR.

GE Response:

GE concurs and will revise the Table of Contents for Chapter 14 in Amendment 1 to
include two levels of entries below Subsection 14.2.8.



RAI Number: RPEB9
Question:

Chapter 17.3, Reliability Assurance Program During Design Phase, GE initally developed
a design reliability assurance program (D-RAP) for the ABWR. Most of the specific
comments listed in the following RPEB RAls are based on the differences the staff noted
between the text of the ABWR and SBWR D-RAP submuttals. GE should idenufy if these
two programs are 1o be maintained independently or if common methodology and
management of the programs will be used as, for example, in the Quality Assurance
Program.

SSAR Secnon 17.3.1 states that a plant owner/operator will have an operational rehability
assurance program (O-RAP). However, an owner/operator will also be required 1o have
a D-RAP for those nsk-significant systems, structures, and components (S8Cs) that are not
covered by the GE-NE D-RAP and those risk-significant SSC¢ that are designed or
procured by the owner /operator or their agent. GE should clarify that SSAR Section
17.3.1 describes the GE-NE D-RAP and GE should state that an owner/operator will be
required to provide both a D-RAP and an O-RAP.

GE Response:

The text of both the ABWR and the SBWR Reliability Assurance Programs should be
identical for both programs with the exception that the examples will be different for
ABWR and SBWR. The text of the SBWR will be revised in Amendment 1 (see attached)
1o state that the owner/operator will be required to provide a D-RAP for those risk-
significant structures, systems, and components (SSCs), if any, that are not covered by the
GENE D-RAP, and an O-RAP. (The attached draft SSAR Amendment 1 also applies to
attachments menuoned in RAls RPEB. 11, RPEB.14, RPEB.15, and RPEB.16.)
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17.3 Reliability Assurance Program During Design Phase

This section presents the SBWR Design Reliability Assurance Program (D-RAP).

17.3.1 Introduction

The SBWR Design Reliability Assurance Program (D-RAP) is a program that will be
performed bydsb-dueclearEnergy+GENE-during detailed design and specific

equipment selection phases 1o assure that the important SBWR reliability assumptions
of the probabmsuc risk assessment (PRA) will be ums:dered throughout the plant life.

have an Operatwnal Relubllm Aasurance Prog'ram (O—RA.P) lhat lracks cqu;pmcm
reliability to demonstrate that the plant is being operated and maintained consistent
with PRA assumptions so that overall risk is not unknowingly degraded.

The PRA evaluates the plant response to initiating events (o assure that plant damage
has a very low probability and risk to the public is very low. Input to the PRA includes
details of the plant design and assumptions about the reliability of the plant risk-
stgmﬁcam structures, systems and | components (SSCs) lhroughout planl lnfe SSAR.

The D-RAP will include the design evaluation of the SBWR. It will identify relevant
aspects of plant operation, maintenance, and performance monitoring of important
plant SSCs for owner/operator consideration in assuring safety of the equipment and
limited risk to the public. The policy and implementation procedur es will be specified
by the owner/operator.

Also included in this explanation of the D-RAP is a descriptive example of how the
D-RAP will apply to one potentially important plant system, the Isolation Condenser
System (1CS). The ICS example shows how the principles of D-RAP will be applied 10
other systems identified by the PRA as being significant with respect to risk.

17.3.2 Scope

The SBWR D-RAP will include the future design evaluation of the SBWR, and it will
identify relevant aspecis of plant operation, maintenance, and performance monitoring
of plant risk=significant SSCs. The PRA for the SBWR and other industry sources will be
used to identify and prioritize those 8SCs that are important to prevent or mitigate plant
transients or other events that could present a risk to the public.
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17.3.3 Purpose

I'he purpose of the D-RAP is to assure that the plant safety as estimated by the PRA is
maintained as the detailed design evolves through the implementation and
procurement phases and that pertinent information is provided in the design
documentation to the future owner /operator so that equipment reliability, as it affects
plant safety, can be maintained through operation and maintenance during the entire
plant life

17.3.4 Objective

The objective of the D-RAP is to idenufy those plant $8Cs that are significant
contributors to risk, as shown by the PRA or other sources, and to assure that, during
the implementation phase, the plant design continues to utilize risk-significant S5Cs
whose reliability is commensurate with the PRA assumptions. The D-RAP will also
idenufy key assumptions regarding any operation, maintenance and monitoring
activities that the owner /operator should consider in developing its O-RAP to assure
that such SSCs can be expected to operate throughout plant life with reliability
consistent with that assumed in the PRA.

A major factor in plant reliability assurance is riskfocused maintenance, by which
maintenance resources are focused on those SSCs that enable the SBWR safety-related
systems to fulfill their safety-related functions and on S8Cs whose failure may directly
initiate challenges to safety-related systems. All plant modes are considered, including
equipment directly relied upon in emergency operating procedures (EOPs). Such a
focus of maintenance will help to maintain an acceptably low level of risk, consistent
with the PRA.

17.3.5 GE-NE Organization for D-RAP
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Responsibility for the design of key equipment, components and subsystems s-was

Chared by GE N shreaeneaiaste i e Asbvancod-Reactordeaprame-Secton-logeLhor
with external nrgdnuauw.s including the arc hlu ct engmcer -Repmmg-dm%

I'he manager WWWWMMM
assigned the responsibility of managing and integrating the D-RAP Program-—He-wah-

weve had direct access to the SBWR Project Manager and kept wi-keep-him abreast of
D-RAP critical items, program needs and status, He had hes-organizational freedom to:

s ldentify D-RAP problems

® Inate, recommend or provide solutions o problems through designated

organizations.
8 Venfy implementation of solutions.

s Function as an integral part of the final design process.

17.3.6 SSC identification/Prioritization

Reliability Assurance Program Duning Design Phase — Amendment 1 DRAF1

The PRA prepared for the SBWR will be the primary source for identifving
risk-significant $8Cs that should be given special consideration during the detailed
design and procurement phases and/ or considered for inclusion in the O-RAP. The
method by which the PRA is used to identify risk-significant SSCs is described in Chapter
19. It is also possible that some risk-significant S5Cs will be identified from sources other
than the PRA, such as nuclear plant operating experiernice, other industrial experience,
and relevant component failure data bases.

17.3.3
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17.3.7 Design Considerations

The reliability of risk-significant S8Cs, which are identified by the PRA and other
sources, will be evaluated at the detailed design stage (under contract to the combined
operating license applicant) bv appropriate design reviews and reliability analyses.

Current data bases will be used to identify appropriate values for failure rates of
equipment as designed, and these failure rates will be compared with those used in the
PRA. Normally the failure rates will be similar, but in some cases they may differ because
of recent design or data base changes. Whenever failure rates of designed risk-
significant SSCs are significantly greater than those assumed in the PRA, an evaluauon
will be performed to determine if the equipment is acceptable or if it must be
redesigned to achieve a lower failure rate.

For those risk-significant S8Cs, as indicated by PRA or other sources, component
redesign (including selection of a different component) will be considered as a way to
reduce the core damage frequency (CDF) contribution. (If the svstem unavailability or
the CDF is acceptably low, less effort will be expended toward redesign.) If there are
practical ways to redesign a risk=significant S8C, it will be redesigned and the change in
svstem fault tree results will be calculated. Following the redesign phase, dominant $SC
failure modes will be identified so that protection against such failure modes can be
accomplished by appropriate actvities during plant life. The design considerations that
will go into determining an acceptable, reliable design and the SSCs that must be

considered for O-RAP activities are iliustrated inFiguee473-2 Figure 17.3-1.

GE-NE will identifv in the PRA or other design documents to the plant owner/operator
the risk-significant SSCs and their associated failure modes and reliability assumptions,
including any pertinent bases and uncertainties considered in the PRA. GE-NE will also
provide this information for the plant owner/operator to incorporate into the O-RAP
to help assure that PRA results will be achieved over the life of the plant. This
infor.uation can be used by the owner/operator for establishing appropriate reliability
wargets and the associated maintenance practices for achieving them.

17.3.8 Defining Failure Modes

17.3-4

The determination of dominant failure modes of risk-significant 88Cs will include
historical information, analvtical models and existing requirements. Many BWR systems
and components have compiled a significant historical record, so an evaiuation of that

record comprises Assessment Path A in Fgured7-3-3 Eigure 17.32. Details of Path A are
shown in Fgure4753-4 Figure 17.3-3.

For those SSCs for which there is not an adequate historical basis to identify critical
failure modes, an analvtical anproach is necessary, shown as Assessment Path B in

Frguret7-3-3 Figure 17.32 The details of Path B are given in Faguredi-45 Figure 17 5

4. The failure modes identified in Paths A and B are then reviewed with respect to the
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existing maintenance activities in the industry and the maintenance requirements,

Assessment Path C in Fgured7-3-3 Figure 17.3-2 Detailed steps in Path C are outlined
in Fpreds36 Figure 1735

17.3.9 Operational Reliability Assurance Activities

Once the dominant failure modes are determined for risk-significant S5Cs, an
assessnent is required to determine suggested O-RAP activities that will assure
acceptable perfurmance during plant life. Such activities may consist of periodic
surveillance inspections or tests, monitoring of SSC performance, and/or periodic
preventive maintenance (Reference 17.3-1). An example of a decision tree that wouid
be applicable to these activities is shown in Fgwee37-3-7 Figure 17.36. As indicated,
some SSCs may require a combination of activities to assure that their performance is
consistent with that assumed in the PRA.

Periodic testing of SSCs may include startup of standby systems, surveillance testing of
instrument circuits to assure that they will respond to appropriate signals, and
inspection of S8Cs (such as tanks and pipes) to show that they are available to perform
as designed. Performance monitoring, including condition monitoring, can consist of
measurement of output (such as pump flow rate or heat exchanger temperatures),
measurement of magnitude of an important variable (such as vibrauon or
temperature), and testing for abnormal conditions (such as oil degradation or local hot
Spots).

Periodic preventive maintenance is an activity performed at regular intervals to
preclude problems that could occur before the next preventive maintenance (PM)
interval. This could be regular oil changes, replacement of seals and gaskets, or
refurbishment of equipment subject to wear or age related degradation.

Planned maintenance activities will be integrated with the regular operating plans so
that they do not disrupt normal operation. Maintenance that will be performed more
frequently than refueling outages must be planned so as to not disrupt operation or be
likely to cause reactor scram, engineered safety feature (ESF) actuation, or abnormal
transients. Maintenance planned for performance during refueling outages must be
conducted in such a way that it will have little or no impact on plant safety, on outage
length or on other maintenance work.

17.3.10 Owner/Operator's Reliability Assurance Program

The O-RAP that will be prepared and implemented by the SBWR owner /operator will
make use of the information provided by GE-NE. This information will help the
owner/ operator determine activities that should be included in the O-RAP. Examples
of elements that might be included in an O-RAP are as follows:

Reliability Assurance Frogram During Design Phase — Amendment 1 DRAFT 17.35
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1736

Reliability Performance Monitoring — Measurement of the performance of equipment
to determine that it is accomplishing its goals and/or that it will continue to operate
with low probability of failure.

Reliability Methodology — Methods by which the plant owner /operator can compare
plant data to the SSC data in the PRA.

Problem Prioritization — ldenufication, for each of the risk-significant S8Cs, of the
importance of that item as a contributor to its system unavailability and assignment of
priorities to problems that are detected with such equipment.

Root Cause Analysis -— Determination, for problems that occur regarding reliability of
risk-significant S8SCs, of the root causes, those causes which, after correction, will not
recur to again degrade the reliability of equipment.

Corrective Action Determination — Ildentification of corrective actions needed to
restore equipment to its required functional capability and reliability, based on the
results of problem identification and root cause analysis.

Corrective Action Implementation — Carrving out identified corrective action on risk-
significant equipment to restore equipment to its intended function in such a way that
plant safety 1s not compromised during work.

Corrective Action Verification — Post-corrective action tasks to be followed after
maintenance on risk-significant equipment to assure that such equipment will perform
its intended functions.

Plant Aging — Some of the risk-significant equipment is expected to undergo age
related degradation that will require equipment replacement or refurbishment.

Feedback to Designer — The plant owner/operator will periodicaily compare
performance of risk-significant equipment to that specified in the PRA and D-RAP, and,
at its discretion, may send SSC performance data to plant or equipment designers in
those cases that consistently show performance below that specified.

Programmatic Interfaces — Reliability assurance interfaces related to the work of the
several organizations and personnel groups working on risk-significant S5Cs.

The piant owner /operator's O-RAP will address the interfaces with construcuon,
startup testing, operations, maintenance, engineering, safety, licensing, quality
assurance and procurement of jnitial and replacement equipment.

Reliability Assurance Program During Design Phase — Amendment 1 DRAFT
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17.3.11 D-RAP implementation

An example of implementation of the D-RAP 1s given for the ICS. For this example it is
assumed that some 1CS components have been idenufied by the PRA as making a
significant contribution to the core damage frequency (CDF).

The purpose of the ICS is to control reactor pressure and water level within acceptable
ranges so that emergency reactor depressurization trips will not occur following reactor
isolation and shutdown from full power without feedwater makeup. The ICS must also,
over a longer duration, remove excess sensible and core decay heat from the reactor
with minimal loss of coolant inventory from the reactor when the normal heat removal
systems are unavailable for any reason.

The ICS is expected 1o operate during transients for a reactor pressure vessel (RPV)
gauge pressure between 6.205 and 8.618 MPa (900-1250 psig).

17.3.11.1 ICS Description

The ICS basically consists of three high pressure, totally independent loops, each
containing a condenser that condenses steam on the tube side and transfers heat to
water in a large pool, the isolation condenser/ passive containment cooling (1C/PCC)
pool, which is positioned above and outside the containment (drywell). The surface of
the pool is vented to the atmosphere. A simplified ICS P&ID is shown indigurei+3-8
Figure 17.37. (Refer to Section 5.4.6 for a detailed 1CS System description which is
summarized below.)

The condenser is connected by piping to the RPV and is placed at an elevation above
the source of steam. When the steam is condensed, it returns to the vessel through a
condensate return pipe. The steam side connection between the vessel and the 1C is
normally-open and the condensate line is normally—closed. This allows the isolation
condenser and drain piping to fill with condensate which is maintained at a subcooled
temperature by the pool water during normal reactor operation.

The steam supply line is vertical and feeds two horizontal headers through four pipes.

The steam line is properly insulated and enclosed in a guard pipe which penetrates the
containment roof slab. Two normally-open, fail-as-is isolation vaives in series (nitrogen-
motor-operated F001 and motor-operated FO02) are located in the run of steam supply
line piping inboard of the containment boundary. They are used to isolate that part of
the ICS that is located outside the containmen: Two different valve actuator types are

used to provide diverse means for flow path closure.

Steam is condensed inside vertical tubes of the condenser and is collected in two lower
headers. Two pipes, one from each lower header, take the condensate to the common
drain line which vertically penetrates the containment roof slab. On the condensate
return piping, two normally-open, fail-asis isolation valves in senies (motor-operated
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than 6.7 meters (264 in.jto provide adequate column height for natural circulation
flow.

The pool subcompartment interconnections are as follows: The individual IC/PCC
pool subcompartments are connected to the other pool subcompartments below the
water level by locked-open valves, one for each subcompartment, so that each IC has
access to the entire pool. These valves can & - closed 1o isolate and empty the individual
partitioned IC pool for maintenance of the unit. All other pool subcompartments are
interconnected below the pool water level

The water volume above the top of the 1C tubes is at least 1100 cubic meters (38,846
cubic feet) in order to meet the 72 hours decay heat boiloff requirement. The remote
handwheels on the locked open valves extend above the water level to locations
accessible to the operator.

The walls containing the airspace flow path extend above the normal water level; this
enhances the flow stability and heat removal capability of the condensers by establishing
a flow path for steam leaving the pool and for the pool make-up water through the lower

pipes.

17.3.11.2 ICS Operation

During no-mal plant operation, the IC loops are in “ready standby,” so ICS operation
will start upon opening of one valve. Both steam supply isolation valves and both
isolation valves on the condensate return line are in a normally-open position, the
condensate level in the IC extends above the upper headers, the condensate return
valves are both closed, and the small vent lines from the IC top and bottom headers 1o
the suppression pool are closed.

A small amount of steam flows from the steam piping above the ICs through the purge
line by the pressure differential caused by main sieam line flow. For each IC loop the

four normally-open-epes-aurogen-operated isolation valves (two nitrogen-operated
gate valves and two motor-operated gate valves) fail as is; the four normallv—closed.

solenoid-operated vent valves (globe valves) fail closed; the two normally-closed, motor-
operated vent valves (globe valves) fail as is; the normally—closed, motor-operated
condensate return valve (gate valve) fails as is; the normally—closed, nitrogen-operated
condensate return bypass valve (globe valve) fails open; and the normally-open, motor-
operated purge line valve (globe valve) fails as is.

During refueling, the IC is isolated from the reactor. All isolation valves ( F001 through
F004) and all vent valves (FO07 through F012) are closed.

During plant operation, one of the ICS initiation signals opens the condensate return
valve FOO5 within 30 seconds, thus starting the 1C operation. If the IC does not operate,
the RPV gauge pressure will increase to the SRV setpoint 8.618 MPa (1250 psig). Also,
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17.3-0

isolation valves (F001, 2, 8, and 4) are signaled to open to assure that they were
reoperied during or after a test closure of the vaives. Condensate bypass valve F006 will
open to initiate ICS operation by remote manual operation or if there 1s a loss of
nitrogen pressure or of dc power.

If, during IC operation and after the initial transient, the RPV gauge pressure increases
above 7.653 MPa (1110 psig), the bottom vent valves FO09 and F0O10 auton. .tically open
to vent to the suppression pool. When the RPV gauge pressure decreases below 3653
MBa7 585 MPa (1100 psig) reset value, and after a time delay to avoid 1o many cycles,
these two valves close.

The three initiation signals which actuate all three ICS loops at the same tume, opening
the condensate return valve F005, are described as follows:

#  The “reactor mode switch is in RUN"™ and the inboard or outboard MSIV position is
< 90% open on both MSL(A) and MSL(B). (MSIV closure is initiated on reactor
water level below 1.2 and other isolation closure signals). There are two main steam
isolation vaives (MSIVs) on each main steam line. The logic is: one-out-of-two limit
switches of the MSIVs on one line plus one<out-of-two limit switches of the MSIVs on
the other line (logic one-out-of-two twice). During MSIV testing, one MSL is out of
service, if a one-out-of-two signal comes from the limit switches of the MSIVs of the
other line, the IC goes into operation.

s RPV gauge pressure (with logic two-out-ofdour) is 2 7.446 MPa (1080 psig) for 10
seconds or more.

e Operator manual initiation.

When the RPV gauge pressure decreases below the IC System reset value 5.516 MPa
(800 psig), the operator may stop the ICS loops individually, overniding the system
initiation signals coming from closure of the MSIVs.

Condensate return valve FOO5 fails as is on loss of electrical power supply. Condensate
return bypass valve F006 opens automatically upon a ioss of the nitrogen supply. loss of
two electrical power divisions, manually, by operator action, or on reactor water level
below Level 2.

Automatic actuation for the vent valves (FO09 and F010, located in series) is provided
by a high RPV pressure (above system actuation value) and either of the condensate
return valves not fully closed (with time delay to avoid the vents opening during the
initial transient). The valves close, preventing loss of inventory, when the RPV pressure
decreases below a reset value,

Four radiation sensors are installed in the 1C/PCC pool exhaust passages that vent air
and coolant vapor to the environment. Detection of a low-level leak (radiation level
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above background, logic two-out-of-four) initiates an alarm. Detecuon of a high
radiation level (exceeding site boundary limits, logic two-out-of-four) isolates the
leaking isolation condenser automatically (closure of isolation valves F001 through
F004). The high radiation mav be caused by a leak from any IC tube and a subsequent
release of noble gas to the air above the 1C/PCC pool.

Four redundant sets of differenual pressure instrumentation (dPT) on the steam line

and another four sets on the condensate return line are used to detect a possible loss-
of-coolant accident (LOCA). A high dPT signal coming from two-out-of-four dPTs on

the same line (steam or condensate) will result in alarms to the operator and automatic
closure of all isolation valves, rendering the IC inoperable.

Alarm and closure of the isolation valves (FO01 through F004) are automatic on the
following signals coming from a single loop (logic two-out-of-four):

& high mass {low in the IC steam supply line;
@ high mass flow in the IC condensate return line; and
s high radiation in the pool steam flow path.

The operator cannot override the high radiation signals from the IC atmosphere vents
and high differential pressure IC-isolation signals.

A temperature element is provided downstream of the valves in each vent line to
confirm functioning of vent valves. A temperature element is similarly provided in the
condensate return line, downstream of the isolation valve F004.

17.3.11.3 Major Differences from Operating Boiling Water Reactors

The ICS design is similar to that of the few operating boiling water reactors BWRs
(BWRs) that have ICs. Automatic and manual actuation of the SBWR 1CS is similar to
that incorporated in operating BWRs. The major differences for the SBWR are (1) use
of three heat exchangers (HXs) instead of the one or two in operating plants; (2) use
of vertical tube HXs instead of horizontal tubes; (3) use of both NOVs and MOV for
condensate return valves instead of only MOVs; and (4) use of a large pool instead of
an HX shell.

The number of HXs for the SBWR is partly determined by the desire for equipment
redundancy and for limiting the length and number of tubes in each HX. Vertical tube
HXs of the SBWR provide for greater stability of flow and less problems with
noncondensable gases. Since the condensate return bypass valves are operated by
nitrogen, and fail open on loss of nitrogen pressure or electrical power, they do not
require electrical power as do the motor-operated condensate return valves.
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The large 1C/PCC pool provides cooling water capacity for 72 hours following SBWR
scram. Following that time makeup water can be provided by water trucks through
safety-related piping providing makeup connections at grade level outside the reactor
building. Operating BWRs have typically 20 to 30 minutes of water capacity in IC HXs,
with make up provided by pumping from the condensate storage tanks or from the fire
main.

17.3.11.4 |dentification of Risk-Siguificant SSCs

An example top level fault ree for the ICS is shown in Figure+7-3-9 Figure 17.3-8, with
the top gate defined as failur = of the 1CS 1o inject water into the RPYV when required.

Four major events were analyzed, loss-of-coolant accidents (LOCAs), transients, loss of
off-site power (LOSP) and anticipated transient without scram (ATWS). For the LOCA
adequate ICS water injection is accomplished with one of the three 1Cs, so all three 1Cs
must fail to result in system failure. The other events can be accommodated by any two
1Cs, so failure of two-out-of-three 1Cs resuits in system failure. One detail not shown in
the fault tree is that, for water injection following LOCA or ATWS events, at least one

vent path to the SP must be established. This means that valves FO09 & FO10 or FO11 &

F012 must open, as can be seen from Fgured753-8 Figure 17.37.

Based upon the fault tree analysis a ranking of the ICS components or events by
importance allows identification of those SSCs with greatest importance. Such

For this example, the most risk significant S8Cs are listed in Table 17.3-2. These 55Cs
should be considered as risk-significant candidates for O-RAP acuvities. No SSCs appear
1o be risk-significant because of aging or common cause considerations.

17.3.11.5 System Design Response

17.3-12

The+heree two types of ICS risk-significant components identified in Table 17.3-2 as
having high importance in the ICS fault tree are now considered for redesign or for

O-RAP actvities. The flow chart of Fgered73-2 Figure 17 3] guides the designer.

The components identfied in Table 17.8-2 are IC loop isolation valves,-dotoop-vent-
vedves and condensate return valves. The most significant failure of these valves is
mechanical failure. Isolation valves have a relatively high probability of mechanical
failure 1o open following a closure test, which is assumed to occur quarterly. Any one of
the four isolation valves in each loop could disable that loop if it failed to open. Failure
of a condensate return valve to open when 1C operation is signaled, coupled with failure

of thc bypass return valve, would also dlsable lhat loop mmw

m-dle-loopﬁ These dsm mg_componcnu are adenuﬁed for spenal attention wnh
regard to reducing the risk of system failure.
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identification of Maintenance Requirements

For each idenufied failure mode the appropriate maintenance tasks will be identified
1o assure that the failure mode will be (1) avoided, (2) rendered insignificant, or (3)
kept to an acceptably low probability. The type of maintenance and the maintenance
frequencies are both important aspects of assuring that the equipment failure rate will
be consistent with that assumed for the PRA. As indicated in Figure 17.3-7, the designer
would consider periodic testing, performance testing or periodic preventive
maintenance as possible O-RAP acuvities to keep failure rates acceptable.

For the 1CS solauon valves—eondensatesretnrn-virlves-anaventvalves and condensate
return valves, which normally have no required cycles during operauon, a quarterly full-
stroke test is judged (for this example) to be appropriate. Such tests are in comphance
with ASME Code requirements for valves in nuclear plants. Ditailed disassembly,
inspection and refurbishment of valves would be done less frequently. Examples of
maintenance activities and frequencies are shown in Table 17.3-8 for each identified
failure mode. The D-RAP will include documentation of the basis for each suggested
O-RAP acuvity.

17.3.12 Glossary of Terms

17.3-14

Core Damage Frequency — As calculated by the probabilistic risk assessment.

Design Reliability Assurance Program — Performed by the plant designer to assure that
the plant is designed so that it can be operated and maintained in such a way that the
reliability assumptions of the probabilistic risk assessment apply throughout plant life.

GE Nuclear Energy — SBWR plant designer.

Owner/ Operator — The utility or other organization that owns and operates the SBWR
following construction.

Operational Reliability Assurance Program — Performed by the plant owner /operator
to assure that the plant is operated and maintained safely and in such a way that the
reliability assumptions of the PRA apply throughout plant life.

Piecepart — A portion of a (risk-significant) component whose failure would cause the
failure of the component as a whole. The precise definition of a “piecepart” will vary
between component types, depending upon their complexity.

Probabilistic Risk Assessment — Performed to identfy and quantify the risk associated
with the SBWR.

Risk-Significant — Those structures, systems and components which are identified as

contributing significantly 1o the systesn-unavariebrsey core damage frequency.
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Table 17.3-1
ICS Components with Largest Contribution to Core Damage Frequency
I Blsk
; Eussel-Vesely  Achievement
Component - Importance Worth
FCA-UNVL iIC “A” unavailagi; due mainly to the failure to 221 13

, reopen isolation valives after test

1

COMVOORGE  Motoroperated-valve hO0bl falsto-open
L ICBMOD02 IC “E" mechanical failure of valve FOOEB

010 0
ICCMODO02 IC “C” mechanical failure of vaive FO0BC Q.10 20
ICBMV00SGO  Motor operated valve FOOSB fails to open Q002 1.2
ICCMVO00SGO  Motor operated valve FOOSC fails to open 0.002 12

EW B e a6t p v GO
lw B e e ]
e o B aoie i S-61 pine PGB

COKNGIORA KT mechoniontaiure-olvaive-F010G

NOTE:

Although the “failure to reopen isolation vaives after test” is assigned to IC “A", and mechanical
failure of condensate raturn vaives or IC vent valves is assigned to ICs “B” and “C", each type of
failure could occur in any of the three loops.

Table 17.3-2 Risk-Significant SSCs for ICS

Component Veive Number !
e i e ———
FOO1A. B&C

Isolation Valves
FOO2A. B&C
FOO3A, B&C
FOO4A B&C

Condensate Return Vaives FOOSA, B&C
FODBA, B &C

et e isn -
oA B8t
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Table 17.3-3 Examples of ICS Failure Modes & O-RAP Activities
Recommended Maintenance

Component  Failure Mode/Cause  Maintenance interval Basis

i Isolation Failure to open Stroke test 3 months Experience;

| valves because of mechanical ASME Code ISI.

1 Of pRouMBStic probisms Visua! and penetrant 10 years Low failure rate;

: inspection of stem, ASME Code ISI.

ultrasonic inspection of
stem; replace if

bbb preriiats e

necessary.
Failure to open Electrical circuit test 3 months Experience
| because of electrical (may be par of stroke
| problems test)
Condensate Failure to open Stroke test 3 months Experience;
return vaives because of mechanical ASME Code IS
Of pneumatic problems ... .| and penetrant 10 years Low failure rate:
inspection of stem; ASME Code ISI.
replace if necessary.
Failure to open Electrical circuit test 3 months Experience
because of electrical {(may be part of stroke
problems test)
B e R e e e At e ] R e
J T s el B e
| probieme B et R ] e bt S
| ot abe b S R
| $ofarivings ~b Eri A S
| : S
j Bt o1e-opoR- EootHea-oHowt-tost  Smenthe ERPOLOROS
'1

* These types of ICS valves have been used in operating BWRs, so there is much expenence to guide
owners/operators in care of the equipment.
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Figure 17.3-1 Design Evaluation for SSCs
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FAILURE OF ICS TO
INJECT WATER INTO
RPV WHEN REQUIRED
LOSS OF 2 OF 3ICs FAIL 2 OF 3ICs FAIL 2 OF 3ICs FAIL
ALL 3 ICs TO INJECT WATER | | TO INJECT WATER | | DURING ATWS AFTER
FOLLOWING | | INTO RPV DURING | | INTO RPV DURING SLCS ACTUATION
LOCA TRANSIENTS LOOP (WITHOUT
Q : BATTERIES) Q
| |
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RENDER ICS ALL 3 RENDER ICS A 20F3
INOPERABLE ICs INOPERABLE | ICs
il
R i A ()
| 1 I l B
IC "A"* ic*C"| | ICHX IC IC "A" IC *C*
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INTO CAUSE
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IC “B" Ic “B* ‘
FAILS FAILS ,
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« SOME OF THE COMMON CAUSE FAILURES ARE DIFFERENT FOR DIFFERENT
ACCIDENT SCENARIOS.

Figure 17.3-8 Example Isolation Condenser System Top Level Fault Tree
Figure 17.3-8 Exsmple lscletion Condenser System Top LevelFault Tree
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RAI Number: RPEB.10
Question:

SSAR Section 17.5.4 states a major factor in plant reliability assurance is risk-focused
maintenance. However, the description appears to be limited to safety-related
maintenance and not risk-focused maintenance. GE should clarify what is meant by risk-
focused maintenance in SSAR Section 17 3.4.

GL Response:

“Risk-focused maintenance” is defined in Section 17.3.4. This definition is from
NUREG/CR-5695, “A Process for Risk Focused Maintenance.” Also refer to Section
17.5.1.



RAI Number: RPEB.11
Question:

SSAR Section 17 3.5 refers 1o Figure 17.3-1, “Typical GE-NE Organizational Chart for an
SBWR Project.” The staff noted this organizational chart differs from the chart provided
in the ABWR SSAR and pertains only to the GE-NE portion of the D-RAP. The section
also describes the correct D-RAP organization in the future tense. GE should: (1) state
that a combined operatng license applicant will need to supply a D-RAP organization
description at the tme of application for those risk-significant SSCs that are designed or
procured by the applicant; (2) clanify the differences between the ABWR and SBWR D-
RAP organizations; and (3) use the present tense to describe the GE-NE D-RAP
organization that is currently in place.

GE Response:
The organization description of Section 17.2.5 and Figure 17.3-1 will be rewnitten 10 be

consistent with the ABWR SSAR and to address the comments above. (See Amendment 1
to the SSAR attached 1o RAI RPEB.9.)



RAI Number: RPEB.12
Question:

SSAR Section 17.3.7 states the reliability of risk-significant SSCs, which are identified by
the PRA, will be evaluated at the detailed design stage by appropriate design reviews and
reliability analyses. GE should clarify the meaning of “detailed design stage” and
indicated if it is before or after FDA. While the use of PRA to determine risk-significant
SSCs is preferred, there are systems or events (e.g., fires) where use of importance
measures are limited by the level of detail in the PRA models. Therefore, GE should
expand its definition of ways of identifying risk-significant SCCs to include the use of
deterministic or other methods.

GE Response:

Risk-significant SSCs are “indicated by PRA or other sources,” in Section 17.3.7. Please
refer to Section 17.3.6 regarding “sources other than the PRA.”



RAI Number: RPEB.14

Question:

SSAR Section 17.3.10 outlines portions of a referencing applicant’s O-RAP. T<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>