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SBWR - Response to Request for Additional Information (RAI) Regarding the
Simplified Boiling Water Reactor (SBWR) Design (Q900.102 - Q900.181),
dated 6/29/95
1. Letter from J. H. Wilson (NRC) to J. E. Quinn (GE), REQUEST FOR
ADDITIONAL INFORMATION (RAI) REGARDING THE SIMPLIFIED
BOILING

WATER

REACTOR

(SBWR)

DESIGN

-

(Q900.102

-

Q900.181), dated 6/29/95.
We appreciate very much your requests for clarifications and other constructive suggestions from
Reference 1 regarding how to improve the SBWR Test and Analysis Program Description
(TAPD), NED-32391, Revision B. As a result we have provided in the Attachment to this letter
answers to the RAIs and have agreed to incorporate a number of clarifications to the TAPD to be
resubmitted as Revision C at the end of August, 1995. We have decided to collect the scaling
items into a revision of the GE Licensing Topical Report NEDC-32288, SCALING OF THE
SBWR RELATED TESTS, to be submitted concurrent with TAPD-C, as the discussions were
becoming much too detailed for this programmatic document (TAPD). Likewise, a few questions
not appropriate for either TAPD or the Scaling Report have been rescheduled for separate
submittal. With the Draft Safety Evaluation Report (DSER) comments, the several ACRS and
NRC meetings since issuance of the DSER, the Testing improvements provided in TAPD
Revision B, and the TAPD-B RAIs from Reference 1, we believe that the TAPD Revision C will
be an excellent document for your fall 1995 Safety Evaluation Report.
Sincerely,
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James E. Quinn
Attachments:

1.
2.

cc:

GE RESPONSES TO REQUESTS FOR ADDITIONAL
INFORMATION (RAIs) 900.102 - 900.181
Attachment to the GE response to RAI 900.118, PANDA Facility
Characterization Heat Loss and Selected Lines Pressure Loss Test Plans
and Procedure", ALPHA-5 10-1.

(2 paper copies w/att. plus E-Mail w/att.)
NRC/ACRS)
P. A. Boehnert
(1 paper copy w/att. plus E-Mail w/att.)
(ACRS)
1. Catton
copies w/att. plus E-Mail w/att.)
(2
paper
(NRC)
S. Q. Ninh
(1 paper copy w/att. plus E-Mail w/att.)
(NRC)
J. H. Wilson
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P. F. Billig
R. H. Buchholz
(2 paper copies w/att. plus E-Mail w/att.)
(DoE)
T. Cook
J. D. Duncan
A. R. Ehlers
R. T. Fernandez (EPRI)
J. R. Fitch
R. E. Gamble
M. Herzog
J. E. Leatherman
J. E. Quinn
(2 paper copies w/att. plus E-Mail w/att.)
(EPRI)
T. J. Mulford
copy w/att. plus E-Mail w/att.)
paper
(1
(DoE)
F. A. Ross
K. T. Schaefer
B. Shiralkar
(EPRI)
R. Srinivasan
J. E. Torbeck
H. A. Upton
G. A. Wingate
(1 paper copy w/att. plus E-Mail w/att.)
GE Master File M/C 747
(1 paper copy w/att. plus E-Mail w/att.)
SBWR Project File
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GE RESPONSES TO REQUESTS FOR ADDITIONAL INFORMATION (RAls)
900.102 - 900.181

NRC Question
"Reactor water level" is referred to in a number of different places in the report.
900.102
The use of the term needs to be more precise. When used in discussing ADS
actuation, for example, the actual measurement is the downcomer level
(presumably collapsed), not the water level in the core/chimney region. The
location of the water level should, therefore, be more explicitly defined. [This also
is relevant to testing, because analyses used to determine initial conditions for
integral testing (PANDA, GIRAFFE) will use the calculated level to actuate safety
signals that help determine the course of the event up to the point at which the test
facility can be employed.]
GE Response
The use of the term "reactor water level" will be clarified throughout the TAPD report in Revision
C.

NRC Question
GE needs to more completely justify the used of Dodewaard stability results for the
900.103
SBWR, specifically addressing issues such as:
-

effect of different core design (e.g., rod size, length, and bundle hydraulic
diameter)

-

effect of chimney length and hydraulic diameter

-

effects of free surface separation (Dodewaard) vs. separator/dryer configuration
(SBWR)

GE Response
(Response re-scheduled for 9/30/95)

NRC Question
On p. 2-24, last paragraph: The comma between "radiation" and "heat transfer"
900.104
should not be there.

GE Response
GE agrees and will make the change in TAPD Revision C.

4

Attachment to MFN 136-95

NRC Question
On p. 2-33, item C-3: This should be "gap conductance."
900.105
GE Response
GE agrees and will make the change in TAPD Revision C.
NRC Question
In Table 3.2-1, p. 3-4, item #6, it seems as if this should refer to "water carryover
900.106
and steam carryunder", rather than "water carryunder and steam carryover".
GE Response
This typographical error will be corrected in revision C to correctly reflect "water carryover and
steam carry under."
NRC Question
Also in Table 3.2-1, in general: The "Qualification" column is still
900.107
unclear in the choice between "SBWR-Unique" and "Existing Fleet." For example,
system B11, item #8, the column shows "Existing Fleet" even though the "unique
feature' discussed is only in the SBWR. Then, system B21, item #2 references
BlI/#8, but "Qualification" shows 'SBWR Unique," which seems contradictory (or
at least inconsistent). It is also not clear how 'Qualification" for B21/#I can be
"Existing Fleet" when there are no DPVs of similar design to the SBWR in the
existing BWR fleet. The fact that there is no specific definition of "Existing Fleet"
also contributes to the confusion. Does it refer to (1) data derived from actual
(operating) BWRS; (2) data derived from testing associated with operating BWRs;
(3) previously completed testing, irrespective of whether the testing was done for
operating plants or the SBWR (e.g., GIST); or (4) something else? Perhaps instead
of the terms "SBWR-Unique" and "Existing Fleet," the qualification basis could be
shown as "SBWR Test Program" and "Existing BWR Testing," with specific
reference in the table of the test database (or plant testing)--e.g., GIST, FIST,
TLTA, Dodewaard, etc., as appropriate-instead of simply checking the box. This
would also lead naturally into the columns in Table 3.3-1 and other similar tables
later in the report. It would also be useful to have acronyms, especially those for
older test programs (e.g., FIST, TLTA), defined when first used in the text.
GE Response
The source of confusion is in the column title. Qualification will be replaced with QDB
Screening. It was not the purpose of this column to identify the test facility that the qualification
data for this T/H phenomena would come from but to identify if the T/H phenomena was unique
to SBWR or if it exists at operating plants. If it was unique to SBWR and it was ranked higher
than 4, then the qualification data base (QDB) obtained from the SBWR Test and Analysis Plan or
previous testing was reviewed to determine if sufficient test data exists (or wdiuld be obtained) to
qualify TRACG for this phenomena.
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If the screen identified the T/H Phenomena as existing in the operating BWR fleet and it was
ranked greater than 4, the existing qualification data base as a result of testing at past facilities
was examined to determine if sufficient qualified test data existed to qualify TRACG over the
expected range of critical parameters identified for SBWR.
The specific example that you refer to in your question is indeed confusing and will be modified
in Rev C as follows: The word Unique RPV nozzles does not apply to the T/H Phenomena and
will be deleted. Under B21 #2 the unique feature refers to the two 28 inch main steam lines. The
Important T/H phenomena is critical flow/blowdown. Critical flow during blowdown is common
for all BWRs and the table will be modified as such.
TAPD revision B, pages xi through xiii contains a table of acronyms which includes the older test
facilities referenced in your question. The table will be re-examined to determine if any other
acronyms need to be added prior to issuing revision C.
NRC Question
On page 3-33, Section 3.3.9.5, reference is made to "qualification" data from
900.108
GIRAFFE Phase 1, Step 3. However, GE has classified data from -the early
GIRAFFE tests as "confirmatory," so it is unclear how it can serve as
"qualification" data. This inconsistency is also reflected in Table 5.2-2 (page 5
through 13).
GE Response
GE will use the early GIRAFFE test as "SUPPORTING INFORMATION", and indicate this
consistently in Sections 3 and 5 of TAPD, Rev. C.
NRC Question
In Section 3.3.9 in general, the focus seems to shift subtly away from TRACG
900.109
qualification (which was emphasized in previous sections), in many cases, and
seems almost to imply application of the data per se to the SBWR. For instance,
Section 3.3.9.5 says that PANDA "...will demonstrate multi-unit PCC startup..."
without mentioning use of the data in TRACG. Per GE's request, the focus of the
staffs review is, at this time, only on TRACG qualification--or validation, to be
more technically accurate. The same perspective should be maintained by GE.
GE Response
Section 3.3.9 will be modified in TAPD, Rev. C to emphasize that the planned test program will
obtain data to qualify TRACG.
NRC Question
In Table 3.3-1, page 3-35, Item 12, reference is made to "DPV performance data."
900.110
A similar reference is made in Section 5.2 (pp. 5 through 7), and the test program is
described briefly l'n Section A.3.2.3. The staff is not aware of the existence of any
6
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significant amount of DPV thennal-hydraulic performance data; it does not appear
to be part of the information submitted to the staff as part of the SBWR testing
program, nor has it been specifically called out as an activity under that program.
The staff is aware that GE conducted very limited testing of prototype DPVs
several years ago, but that testing has always been portrayed as primarily functional
(mechanical) testing of the valve design, rather than thermal-hydraulic valve
performance. The staff therefore requests that GE submit a description of the DPV
thermal-hydraulic testing, including test facility, instrumentation, data collection
methods, and test matrix (with ranges of pressures, flows, qualities, etc.), and the
results of those tests, for staff review, as specified in SECY-91-273. This might be
satisfied by providing Reference 44 (the Wyle Laboratories report); however, GE
must verify that the requested information is contained therein.
As an additional note, the description in Appendix A refers to "four steam
blowdown tests." This would hardly seem to constitute a comprehensive database.
Further, there is no indication that data were collected over a substantial range of
controlled conditions;
rather, Section A.3.2.3.2 states, "The test data confirmed that the DPV mass flow
rate would be on the order of 2.4x 106 Ibm/hr at an operating pressure of 1100 psia."
Since the DPVs open only after the SRVs have actuated, it is difficult to see how
they would be operating at a pressure near 1100 psia. This is even more true when
the potential effects of IC actuation are considered; the relatively cold IC water
would drop the pressure even further and the added inventory could delay reaching
the ADS-actuation RPV level. It is unclear how GE can validate TRACG's ability
to predict DPV flows and resultant depressurization rates based on the database
implied by this section. Further information on applicable data is required by the
staff to evaluate this issue.
GE Response
The DPV performance data is contained in GE Nuclear Energy Report GEFR-08879,
SIMPLIFIED BOILING WATER REACTOR (SBWR) PROGRAM DEPRESSURIZATION
VALVE DEVELOPMENT TEST PROGRAM FINAL REPORT, dated October 1990.. This
report was prepared for the United States Department of Energy as an account of work sponsored
This 500 page report contains background,
under Contract No. DE-AC03-86SF16563.
development and design considerations, flow and reaction load tests, and environmental
qualification tests. Also included are three WYLE Test Reports covering Operational and Flow
Rate Tests, DBE Tests on Valve Components, and Seismic Simulation Tests. The DPV is a
propellant-driven squib-actuated valve and has been qualified for the environmental conditions
anticipated to occur during both normal and postulated accident scenarios (i.e., temperature,
pressure, and radiation levels) in the SBWR. TRACG treatment of the DPVs is similar to that for
any other valve (or component) wherein the valve opening behavior is inputted and flow rates are
calculated consistent with the environmental conditions (pressure, temperature, quality, etcetera)
existing for the event.
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Wyle laboratory performed four depressurization tests on a prototypic DPV. One test was run at
1000 psig plus three duplicate test runs at the maximum reactor overpressure condition of 1460
psig (with strains and deformation measured) to prove design adequacy of the DPV and the
prototype piping which supports the DPV. The saturated steam flow capacity over the pressure
range from 1460 psig to 5 psig was also measured during the tests. The flow capacity was
determined from the pressure decay rate of a known quantity of steam.
The DPV experiences choked flow through an orifice during blowdown and this phenomena is
well understood and predictable. GE believes that the information available in the final test report
is sufficient to qualify the valve for SBWR application.
. My requircd additional testing of the DPP
kind engineer-ing (FOAKE) prcegrnm.

Atil' be eenduited as FaR of an SBW -Rrim;t ef
a -

NRC Question
On page 4-23, Section 4.3.1, GE states, 'Not taking credit for [the IC, CRDS, or
900.111
FAPCS] systems in a LOCA is clearly conservative.' While the staff understands
GE's position on this matter, a significant concern remains with regard to operation
of the IC (as opposed to the active non-safety systems). GE's analysis shows no
adverse effects; however, those calculations are done with an SBWR model that
has essentially no integral validation data. While the overall system behavior may,
for many cases, be less limiting (equivalent to GE's position) in terms of minimum
reactor vessel water level, the impact on individual systems may, in fact, be more
limiting. For instance, allowing IC actuation during a LOCA (say a .GDCS line
break) will begin to put energy into the IC/PCCS pool earlier, so the loss of
inventory from that pool may be accelerated. There* is also an effect on RPV
internal conditions from dumping the accumulated, relatively cold, water in the IC
outlet plena into the system: RPV pressure decreases, break flow changes, and the
timing of ADS and GDCS actuation will change. The primary system may be at a
substantially lower pressure when the ADS actuates, which will change the flow
out the ADS valves (and--from the SRVs in the ADS-the energy addition to the
suppression pool). In addition, the presence of a substantial volume of cold water
from the IC, which might stratify in the lower part of the reactor vessel, could make
the system more susceptible to condensation events and, possibly, to water
hammer, especially once the ADS is actuated and the cold water is pulled upward
toward the higher-void-fraction regions of the vessel. Furthermore, in an MSLB,
the effect of the ICs is to lower the minimum RPV level; although this is not the
limiting accident with respect to that parameter, ignoring the IC is clearly not
conservative.
The time at which the PCCS starts to play a significant role in containment heat
removal may also change, which also affects the energy addition rate to the
IC/PCCS pool. Because of the changes in both the temporal pressure profile and
the timing of safety system actuation, the. inventory loss from the primary system
prior to GDCS actuation may also be different from the non-IC case; whether that
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change is positive or negative, and how it compares to the inventory added by the
IC needs to be explored. The change in system behavior
may also have an impact on the determination of limiting single failure for LOCA
events. For the GDCS line break, the non-IC calculations show that the minimum
RPV level is about the same for failure of a DPV as it is for failure of a GDCS line
valve (check valve or squib valve). The changes in system response caused by the
IC might alter these cases relative to one another. It is for these reasons--among
others--that the staff has insisted that GE perform exactly the sorts of tests planned
in the GIRAFFE/SIT series, and until those tests are completed and TRACG is
validated against the data, the staff does not believe that GE is justified in making
the matter-of-fact statements contained in this section. The staff does not require
that GE address each point in this comment at this time; however, GE should be
prepared to justify quantitatively the basis for its position after TRACG has been
validated.
GE Response
(Response re-scheduled for 9/30/95)

NRC Question
GE states on page 5-24 that Dodewaard "can be considered to be prototype of the
900.112
SBWR in many respects." While it is certainly true that Dodewaard is a natural
circulation BWR, outside of that fact and the inclusion of an isolation condenser
(horizontal, rather than GE's vertical SBWR design), it is hard tosee Dodewaard as
a "prototype" SBWR in most 6ther respects. Not only are the core design and
reactor vessel substantially different (see comment 900.103, above), but
Dodewaard does not have passive safety systems. Additionally, it is less than 1/10
the thermal rating of the SBWR. Since the truly unique aspects of the SBWR
design relate to its use of the passive safety approach-not to being a natural
circulation design--calling Dodewaard a "prototype" seems unjustifiably strong.
As noted in 900.103, given the differences in the SBWR and Dodewaard designs,
GE must still demonstrate quantitatively, in the validation of TRACG, that any
Dodewaard data used to support SBWR modeling cover *a range of conditions
applicable to the SBWR.

GE Response
(Response re-scheduled for 9/30/95)
NRC Question
The text on page 6-1 indicates there are 3 items in Table 6.1-1 with a "Low"
900.113
priority. The table shows only 2 such items (CRIEPI and Dodewaard stability
data). Either the table or the text needs to be updated.
GE Response
9
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This apparent inconsistency will be corrected in TAPD, Revision C.

NRC Question
In Section A.3.1.2 (pp. A-I l to A-I5), pressures for testing the IC in PANTHERS
900.114
are quoted in mpag (millipascals-gage). This should be MPa (megapascals). This
error is apparently repeated throughout Appendix A. Also, while the use of SI
pressures in gage format is understandable, it should be noted that it is more correct
to use SI units to represent absolute, not relative, quantities.
GE Response
GE will use MPa (megapascals) in TAPD, Revision C Appendix A. GE frequently uses both
absolute and gage pressures when reporting test and analysis results. GE agrees that "Pascals" is
absolute unless stated otherwise.

NRC Question
While GE's desire to compare IC (PANTHERS) thermal-hydraulic data to
900.115
calculations based primarily on overall heat transfer rate (p. A-14) is
understandable, it nevertheless seems an inadequate way to determine the
applicability of correlations/models developed using low-pressure condensation
heat transfer data. Since there will be instrumentation on several IC tubes, some
analysis of local heat transfer--or at least of integrated heat transfer individual
tubes--should be included as part of the analysis to provide better evidence of
model/correlation validity. Also, how are heat losses, including heat transfer from
the central steam inlet line, measured, verified, and accounted for in data analysis,
and how are other facility characterization data being acquired? Further, the
operation of the heat exchanger in PANTHERS differs from the conditions it will
encounter in the plant; i.e., steam and noncondensibles are "metered" into the test
facility, while in the plant the conditions at the inlet of the heat exchanger depend
on the conditions in the RPV, and are not independent variables. This issue
should be discussed by GE in more detail.
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GE Response
Local Heat Transfer
a.
Unlike the PCC, the IC does not have thermocouples embedded in the tubes to measure the local
heat flux. GE feels that the correlation used in TRACG can be adequately qualified using the
overall heat transfer rate measured. Each of the tubes should behave similarly. Results from the
PCC tests showed that there was little variation in tube-to-tube performance in the heat exchanger.
In addition, the IC, which is similar in design to the PCC, has fewer tubes in each module. This,
together with the higher inlet flows for high pressure operation, will result in higher velocities in
the tubes and even less likelihood of tube-to-tube variations. Finally, it should be noted, that the
correlation used in TRACG for the bulk of the IC analysis is not the same as the UCB correlation
used in the PCC analysis but instead is a textbook correlation for steam condensation on a vertical
surface with a turbulent condensate film. The UCB correlation is only used for turbulent
condensate flow when there is degradation due to the presence of non-condensable gases. In
addition, when non-condensable gases are present in the IC, the UCB correlation is only used for
those cells which contain the non-condensable gases while the textbook correlation is used for the
remaining cells where pure steam turbulent flow is present. The results from the PANTHERS
tests are expected to validate the correlation for the IC analyses.
b.

Facility Characterization Data

The PANTHERS IC Test Plan (SIET document 00396R195, sent in MFN 091-95, June 21, 1995)
and Test Procedures (SIET document 00395PP95, sent in MFN 076-95, May 15, 1995) describe
the procedures that are used to run the IC tests, including -the shakedown procedures which will
measure the heat losses. Specifically, the purpose of the shakedown tests is:
1)
2)
3)

measure the reflux condensation rate of IC steam supply line due to heat losses
outside the pool and condensation inside the pool. Measurements are performed at
two different pressures, 4.0 MPa and 8.7 MPa, without IC operation,
determine the hydraulic resistance of the steam supply line, steam riser, IC heat
exchanger and drain line at the maximum available steam flowrate, and
measure the "drain time" for the IC upper plenum during IC startup transient.

For the heat loss test, there is a 3" line located below the steam inlet line under the IC pool. The
unit is held at a steady pressure with the condensate return valve closed and the unit filled with
water up to the level of the pool. A valve in the 3" line is closed, and the time to fill that line is
recorded. From this measurement, the heat loss is derived.
The hydraulic resistances are measured during the tests.
The "drain time" is measured during the startup transient tests.
For the pre-test analyses, "double-blind" criteria are employed and, therefore, none of this
information is used. Heat losses were assumed to be negligible and were neglected. Hydraulic
resistances were calculated based on the type and size of materials used in PANTHERS. For the
post-test analysis, the measured hydraulic resistances will be used, and if results from the facility
11
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characterization tests indicate that the heat losses are significant, then the heat losses will be
incorporated in the model.
c.

IC Operation with Non-condensable Gases

The text in Section A.3.1.2.4 (Justification of Test Conditions) will be expanded to note that noncondensable gases are directly injected into the test unit inlet line and do not originate in the
vessel.

NRC Question
Section A.3.1.2.4 (p. A-14) discusses the transient test matrix for the
900.116
PANTHERS/IC tests. One parameter that will be varied is the pool water level,
and it is specified that the minimum level to be tested is at approximately half the
tube height. A similar test was performed as part of the PCCS program, which was
observed (informally) by a member of the NRC staff. Results from that test seemed
to indicate minimal discernible impact of lowering the water level to l/2-height,.
and the staff member's recollection is that a decision was made on the spot to
proceed to a lower pool level. If the same type of behavior is noted for the IC test,
is it anticipated that a similar approach would be taken, i.e., to further reduce the
water level to induce a noticeable reduction in overall heat transfer?
GE Response
Because of the lessons learned from the PCC water level test, the Test Procedures for the IC test
(SIET document 00395PP95, sent in MFN 076-95, May 15, 1995) state that the water level will be
lowered until the pressure reaches 8.72 MPa or doesn't further increase (Appendix A.4, Step 180).
The text in TAPD will be revised to reflect this change in procedure.

NRC Question
The tables showing the test matrix and test conditions for the PANTHERS/IC
900.117
testing, both "transient" (Table A.3-5b) and "component demonstration" (Table
A.3-28) need some explanation. It is not clear at all from the discussion in the text
what is the significance of the "initial pressure" and "inlet pressure," nor is it clear
how the tests will be performed. In addition, the specified pressures in Table A.328 seem to bear little relation to the labels on Figure A.3-23 (e.g., PI, P2, P3). The
staff requests that GE provide a more comprehensive summary of the test
procedures to permit easier interpretation of the tables and cycle shapes.
GE Response
The cycles shown in Figure A.3-23 apply to the "component demonstration" tests for the IC. The
text and tables for both the "transient" and "component demonstration" tests will be revised to
provide a more comprehensive summary of the test procedures.

NRC Question
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Section A.3.1.3 discusses the PANDA test program. Several steady-state tests are
planned to examine PCC heat exchanger performance in this facility, but there is no

900.118

discussion of facility characterization ("shakedown") testing or of tests to acquire
data on IC performance on PANDA. Information is needed on these points to
ensure that sufficient data will be available to permit facility characterization for
data analysis and computer code modeling.

GE Response

Characterization tests for the PANDA facility are described and discussed in ALPHA-510-0,

PANDA Facility Characterization Heat Loss and Selected Lines Pressure Loss Test Plan and
Procedure ( see attached).
No characterization tests are planned for the PANDA IC. As stated in this RAI, several steady
state tests are planned to examine the PANDA PCC condenser performance. In addition, full
scale testing of both the SBWR IC and PCC will be performed at PANTHERS. Comparison of
data with TRACG calculations for these steady state tests of the PANTHERS IC and PCC and the
PANDA PCC(PANDA IC operation will be at low pressure where there is no significant
distinction between IC & PCC operation) will provide sufficient confidence for the TRACG
modeling of the PANDA IC

NRC Question

900.119

Section A.3.1.5 covers the GIRAFFE IC/PCC tests. The data from these tests have
been "withdrawn" from the SBWR design certification database, and are being
used in a "confirmatory" fashion. However, in A.3.1.5.3 and in earlier-sections of
the TAPD (see 900.108, above), GE refers to TRACG "qualification" using these
data. The term "qualification" in this context is ambiguous, since. it is not related
explicitly to either verification or validation, which have specific, widely accepted
definitions (this point has been raised separately in questions on TRACG
documentation), but seems inconsistent with classification of the data as
"confirmatory." The description in A.3.1.5.3 of the use of data from Test Group.G2
(i.e., "corroboration") appears to be appropriate for "confirmatory" information, but*
the use of Test Group GI data (i.e., "qualification") does not. GE needs to be
consistent in the use of terminology and needs to clarify use of GIRAFFE
confirmatory data. In this same context, Table A.3-12 (p. A-62) is very useful. Is
there a similar table for GIRAFFE?

GE Response
We will use the early GIRAFFE tests as "SUPPORTING INFORMATION". GIRAFFE/Helium
test/HI - PANDA-M3 use the same initial conditions as noted in Sections A.3.1.6.4. Table A 3-12
applies to GIRAFFE/lelium/HI as well as PANDA.

NRC Question

90,0.120

The GIRAFFE/SIT series is discussed in Section A.3.1.7. A separate set of RAIs

was sent to GE on these tests asking for specific information on facility
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capabilities, instrumentation, data acquisition, and test procedures. Those will not
be repeated here. However, the staff expects this section to be revised to reflect.the
changes in the test matrix that were agreed upon after issuance of the
TAPD/Revision B, and that the specified information (in the earlier RAIs) will be
provided prior to issuance of Revision C, so that the staff can review and
understand these items prior to initiation of testing. GE also committed in the "List
of Action Items" (Number 32) to provide "justification of test initial conditions and
range," to "compare the range of parameters in the test to those expected in
SBWR," and to "develop basis for how the test is picked up. 'on the fly."' The
information is denoted as being provided in Revision B and Revision C, with no
indication of which items would be in Revision B. Review of Revision B for
GIRAFFE/SIT has shown that very little of the information in Action Item 32 is
included; the staff therefore expects to see these items in the test documentation,
and also included in Revision C. The discussion in Section A.3.1.7.4 (Justification
of Test Conditions) needs to be expanded substantially, to include both initial
conditions and range, with more detailed explanation of the items in Table A.3-23
(modified to reflect the agreed-upon test matrix).
GE Response
The requested information will be included in TAPD, Rev. C.
NRC Question
Section A.3.1.8.2 provides an inadequate description of the CRIEPI natural
900.121
circulation/stability test and planned analyses. More information is needed on what
specific data are to be analyzed and what TRACG-calculated parameters will be
compared to the data, similar to that contained, for example in Section A.3.1.8.3
(where specific reactor parameters are indicated for comparison to TRACG results
in the final paragraph of the section).
GE Response
A detailed description of the CRIEPI 7MPa experimental test facility and corresponding
references are presented in Section B.4 of Revision B of the TAPD. Flow measurements (natural
circulation conditions) for different system pressure, power and channel inlet temperature were
obtained at the CRIEPI experimental facility. Instability similar to geysering was observed at
some conditions. Comparisons with CRIEPI data will be made for "steady circulationflow,
period of oscillations andflow amplitude in the instability regions, power-temperaturestability
map".
NRC Question
It would be useful to show, either in Attachment Al or in the test program
900.122
descriptions in Appendix A, what the approximate schedule will be (on a relative
basis) for issuance of the various types of reports. For example, will an "Apparent
Test Results" report be issued for each test, for each group of tests, or for the
program as a whole, and how long after each test/each group/completion of
14
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program? How many weeks after testing is concluded will the Data Transmittal
Report and Data Analysis Report be issued?
GE Response
GE has provided the schedule for the Testing Deliverables, including the "Apparent Test Results"
reports, to NRC in GE letter number MFN 030-95, and have updated that schedule in MFN 07295 to reflect changes in the test schedules. We will continue to provide letter updates of the
approximate schedules. The TAPD is a Programmatic document whose purpose is to define and
fix scope and content.

NRC Question
The approach used by GE in the scaling analysis of the various test facilities-900.123
especially the integral test facilities, and within that subset, the reactor-systemsrelated tests--needs far more detailed explanation than is provided in either
Appendix B or Attachment BI. Specific issues that need to be addressed include:
a.

Why was an MSLB chosen as the "reference" event for GIRAFFE/SIT,
when this will not be one of the test conditions within the GIRAFFE/SIT
matrix? How does the choice of 'reference" event influence the value of the
scaling parameters (if at all)? For example, break flow in an MSLB is
steam, while in the breaks chosen for GIRAFFE/SIT, break flow (initially)
is liquid. Does this influence scaling parameters?

b.

Why was the reference time for these tests chosen as approximately 200
seconds after scram? According to Appendix A, the initial conditions in
GIRAFFE/SIT will be approximately 10 minutes post-LOCA. Does it take
400 seconds to reach the scram actuation in an SBWR accident? Why not
reference a system pressure instead, such as the approximately 150 psia
starting point for GIRAFFE/SIT?

c.

The issue of systems interactions is another point in addition to those raised
in (a) and (b) above. Actuation of the IC in a LOCA can potentially change
the course of the transient significantly, in terms of depressurization rate,
variations in .reactor water level, actuation of ADS, etc. How are these
effects included in the choice of a reference time?

d.

Why choose only one time (or pressure)? Why not look at conditions at,
say, the approximate initiation of the test in the facility (150 psia), initiation
of GDCS, and initiation of PCCS, in addition to the long-term point (which
probably should be more than one hour post-scram)? How would the values
of the dimensionless parameters change as a function of time? How might
they change (for parameters that are based in part on local conditions) as a
function of location, e.g., axial position in a heat exchanger tube?
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There appears to be insufficient information provided about the assumptions made
in deriving the values of the dimensionless parameters to ascertain their accuracy.
See the next cormnent for additional details and discussion of scaling-related
issues.
GE Response
All of the scaling material contained in Appendix B of the TAPD will be moved to the upcoming
revision of the scaling report, NEDC-32288 Scaling of the SBWR Related Tests, Revision 1,
scheduled for 8/31/95. This question will be partially addressed in the revised scaling report. The
remainder of the response is re-scheduled for 9/30/95.

NRC Question
Referring further to #900.123(d) above, GE states on page B-I that the introduction
900.124
provides a good qualitative overview of scaling philosophy, "but it does not result
in a specific quantitative rule for determining acceptable deviations ... [i]n fact, no
such rule can exist...... This is a very strong statement, made with limited
justification. Is it an opinion, or is there a technical basis for it? While the
introduction provides useful background on GE's approach to scaling, these types
of statements have broad implications, and may not be universally accepted.
Further, GE states on page B-2, "By using the H2TS scaling methodology, a test
scaled well at this one point should scale well for other points in the modeled event,
or other events, so long as the proper initial conditions are used." This statement is
apparently based on an assumption of l-to-l time scaling that derives from the fullheight, "full-pressure," power-to-volume scaling approach used for the SBWR
integral test facilities. Significant justification is needed to support this assertion;
as it stands, the staff believes that the statement is not correct. The justification
needs to address such considerations as the steps taken to attempt to mitigate the
effects of distortions like reduced volumetric scale, and adjustment of power or
water levels to account for excess stored energy or heat loss due to high surface
area to volume ratios. In addition, other thermal-hydraulic aspects of facility/plant
behavior need to be addressed, such as transition from critical to subsonic flow
through the break and ADS valves, which changes the scaling parameters applied
to these boundary flows. If GE were starting at the actual thermal-hydraulic
conditions at the initiation of the accident (i.e., full pressure and temperature, and
100 percent of scaled power), or even at an intermediate pressure prior to reaching.
"L2" in the RPV, the statements made on page B-2 might be more defensible, since
the reference initial conditions would be more similar for all events. However, the
tests in all SBWR test facilities will be started "on the fly," based on calculated
conditions at the maximum pressure capabilities of the various test facilities.
Depending on the facility, the accident to be represented, and the scenario (e.g.,
ICS operating or not, single failure, etc.), the "initial conditions' may vary
substantially from one test to another. In addition, there is a transition in overall
plant/test facility response--especially in GIRAFFE/SIT--from reactor-system-
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dominant (early) to containment-system-dominant (later), and the controlling
thermal-hydraulic phenomena may operate at different to natural" time scales that
may need to be rationalized.
The concerns expressed above are especially relevant for the GIST and
GIRAFFE/SIT facilities, and the primary issue is GIRAFFE/SIT, since the full
range of integral system response can potentially be represented (which was not
true with GIST). While some of the same concerns exist with regard to PANDA,
and possibly to GIRAFFE long term cooling tests, there are factors that may tend to
ease those concerns, including (1) the "reference" time for scaling is the same as
that used to initialize the test facility; (2) the actual scenario to be tested (especially
in PANDA) is, in fact, the MSLB; and (3) at later times in the accident, long after
actuation of ECCS and ADS and (likely) transition to long-term recirculatory
cooling using the PCCS, system conditions might tend to converge to a fairly
narrow band irrespective of the specific scenario. Nevertheless, the rationale for
the approach described in Section B.2.1 needs to be justified quantitatively.
The staff requests that GE either (1) support quantitatively the statements discussed
above, considering the various accident scenarios, thermal-hydraulic phenomena,
and times throughout the scenarios, or (2) reexamine the scaling logic and provide
an analysis for each facility consistent with the facilitys testing mission and
capabilities.
GE Response
This question will be partially addressed in the revised scaling report (NEDC-32288 Scaling of the
SBWR Related Tests, Revision I). The remainder of the response is re-scheduled for 9/30/95.
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NRC Question
The description of the GIST facility in Section B.2.2.1, specifically the discussion
900.125
of the differences between GIST and the current SBWR design, is deficient. The
communication between the wetwell and drywell as represented in GIST is not
characteristic of the SBWR; thus, the influence of containment pressure on integral
system (including GDCS) performance could not be represented. Also, the way in
which the downcomer was rendered in GIST was atypical of SBWR, and the
thermal-hydraulic behavior noted in the downcomer was similarly atypical of plant
predictions. Further, while the absence of the IC and PCC systems is noted before
the paragraph on "substantial differences," the fact is that the absence of these
major interacting systems in what purported to be an "integrated systems test" is a
"substantial difference" between GIST and the current SBWR design. The staff
believes that this section should be revised to reflect more accurately the significant
design and configuration differences between the GIST facility and the current
SBWR design. As part of the revision, it would be helpful to have a table listing
the differences between the SBWR design upon which GIST was based and the
current SBWR, or, at least, the differences between GIST and the current SBWR
design with regard to safety system design and configuration, including those
systems not represented by GIST.
In addition, the staff does not agree with GE's contention that "the ICS and PCCS
will have little influence during the [late blowdown and ECCS injection phases] of
the events." The ICS is actuated at L2, before ADS initiation at LI. Ingress of the
relatively cold water contained in the IC outlet plenum and piping into the RPV can
have a significant effect on the RPV level and on subsequent depressurization
behavior of the RCS prior to actuation of the ADS. These factors are not discussed
in Section B.2.2.2.4 (RPV Water Level). Timing of various events in the LOCA
scenarios will change. This has further implications with regard to feedback effects
of the containment on GDCS injection, systems interactions, and transition from
the ECCS injection phase to the long-term cooling phase. Claims that system
response is "conservative" (see Section 4.3.1), by virtue of ignoring the effects of
safety-related systems that are designed to operate during accidents, have yet to be
substantiated, either experimentally or analytically (with a validated computer
code). It is not even clear in this context what "conservative" means. (See
additional discussion on these points in Number 900.111, above.)
GE's contention that the effects of "these systems" (ICS and PCCS) have a
beneficial effect on GDCS injection may in fact be accurate (through it remains to
be demonstrated experimentally). However, it is the overall integral response of
the RCS and containment through all of the phases of an accident that is of interest,
especially with respect to TRACG capabilities, and the failure to include these
systems in the GIST design is a significant deficiency that is only now being
rectified by performance of the GIRAFFE/SIT series.
GE has changed its "definition" of the use GIST data several times over the last
year, and the description in the TAPD is still not entirely consistent internally, nor
18
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with GE's position as described in recent documentation on GIST. In Section
B.2.2.4 (p. B-6), GE states that "GDCS parameters are the only TRACG.
parameters qualified using data from GIST." The staff has understood these
parameters to be GDCS initiation time and flow. However, GE states in Section
B.2.2.2.4 that "GIST data may be used confidently for qualification of TRACG to
predict RPV water level." These statements appear to be inconsistent, and, for the
reasons discussed above, the staff disagrees with representations about the
applicability of GIST data to RPV water level. The staff recommends that GE
revise this section to be consistent concerning use of GIST data to validate
TRACG, and that the discussion of scaling be limited strictly to specific areas of
GIST application to TRACG validation.
GE Response
The use of GIST data will be defined in Revision C of the TAPD. The response to the question on
the impact of the IC unit will be re-scheduled to 9/30/95.
NRC Question
Sections B.2.2.2.1 and B.2.4.2.1 discuss scaling of vessel depressurization for
900.126
GIST and GIRAFFE/SIT, respectively. As noted previously [see 22(a)], an MSLB
will not be performed in GIRAFFE/SIT, and, though such tests were run in GIST,
GE has acknowledged that the MSLB is not the limiting break in terms of
minimum RPV water level. While steam flow out of the vessel through the ADS
valves does play a significant role in vessel depressurization once the ADS is
actuated, a discussion of the scaling of liquid breaks should also be included in
these sections.
GE Response
This question will be addressed in the revised scaling report (NEDC-32288 Scaling of the SBWR
Related Tests, Revision 1).
NRC Question
In the equation for [[sub at the top of page B-13, the density and gravity terms
900.127
would appear to cancel out, leaving just HSUb/L. Is there a reason why these terms
are maintained? (As a side comment, it would make matters much easier for the
sake of reference if all equations were numbered.)
GE Response
This question will be addressed in the revised scaling report (NEDC-32288 Scaling of the SBWR
Related Tests, Revision 1).
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NRC Questions
While the scaling approach described in Appendix B and associated attachments
900.128
appears to conform closely to the referenced H2TS methodology, it also appears to
ignore some important considerations, especially with regard to aspects such as
dynamic effects, which are important in understanding systems interactions. For
instance, in the GDCS momentum equation, after accounting for the inertial effects
to initially accelerate the fluid, the time-variant effects are apparently ignored.
However, GDCS flow is not constant; aside from the effects of constantly
decreasing GDCS pool level (assuming no input from the PCCS), the dynamic
relationship between the pressures in the RPV and the drywell feed back to the
effective driving head for GDCS flow. The ultimate impact of these systems
interactions is that the effect of fluid inertance (=pL/A) is not zero, since it
multiplies the time-varying flow to give a pressure loss, but rather affects the
balance of forces driving the GDCS flow. How are these dynamic effects
accounted for in the scaling of integral facilities?
GE Response
This question will be addressed in the revised scaling report (NEDC-32288 Scaling of the SBWR
Related Tests, Revision 1).
NRC Question
For the systems interaction studies described in Appendix C, GE states, "The
900.129
figure-of-merit used to measure the effect of system interactions inside the reactor
vessel is the water level inside the chimney" (p. C-I, Section C. I). How is this
level defined--as a two-phase level or collapsed liquid level? If it is defined as a
two-phase level, what assumptions are made to allow the computation of a unique
level?
GE Response
The two-phase level inside the chimney is used as the figure-of-merit to measure the effect of
system interactions. This level is calculated by the TRACG two-phase level tracking model
(Section 3.2.7 in NEDE-32176P, and GE Responses to RAI901.1 1(bb) and (cc)). Generally, a
level is assumed to exist in cell j if the void fractions (cx) in cell j+1 (cell above) and cell j are as
follow:

(aj+j - ocj) > cu
The value of cccut is 0.2. This value is used to indicate the existence of a well defined two-phase
level. If a level has been established within a cell, the ac,,t criteria is no longer used. The level
tracking model calculates the level position, velocity, and void fractions above and below the
phase boundary. Comparisons of the level tracking model and test data (Section 3.1.5 in NEDE32177P) show that the calculated two-phase level is unique and compared well with data.
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NRC Question
GE tends, in Appendix C, often to "lump" together all "non-ESF" systems,
900.130
regardless of their character. However, there is an important distinction between,
for instance, the passive ICS (which GE defines as a safety-grade, non-ESF
system), and other systems that require ac power (either on- or off-site). Leaving
aside for the moment any discussion about the designation of the ICS as a "nonESP"system, this distinction should be more explicitly drawn. Furthermore, there
do not appear to be any cases in which the effect of the ICS by itself was evaluated;
rather, a combined effect (ICS/CRD) was assessed (Case 2, Table C.3-1, p. C-9).
Since the IC will operate irrespective of the availability of ac power, the staff
believes that systems interactions involving only the ICS (i.e., with loss of all offsite and on-site ac power)--perhaps several cases with varying numbers of available
IC heat exchangers--should be evaluated, as well.
In any event, the staff will perform a more detailed evaluation of the TRACG
interactions studies-possibly including independent analyses--when data are
available with which to make a quantitative assessment of the code.
GE Response
The system interactions studied in Appendix C were chosen from a list of potential system
interactions varying in probability of occurrence. The system interactions chosen for detailed
study were those interactions which were deemed most probable. The ICS interactions following
loss of all off-site and on-site ac power and loss of one or more ICS units has a very low
probability of occurrence and was not analyzed.
However, based on the results of the system interactions that were studied and reported in Table
C.3-1, the impact of the ICS interactions on minimum chimney level following loss of all off-site
and on-site ac power and loss of one or more ICS units can be bounded. Several cases with
varying numbers of available IC heat exchangers and no CRDs have been evaluated and will be
included in TAPD, Revision C.
NRC Question
GE references several different testing programs in Table 1.2-2 (pp. 1 through 12).
900.131
The staff requests that GE provide applicable reports on ABWR-related testing.
Further, GE should provide a discussion on the applicability of BWR/6 RHR heat
exchanger operation in the steam condensing mode to the SBWR PCCS heat
exchanger.
GE Response
ABWR retMrts required to certify the ABWR were submitted on that docket. As indicated in the
Background section of the TAPD report (NEDO-32391) wherein the reference to Table 1.2-2 is
made, most features of the SBWR have been taken from licensed commercial BWRs and reviewed
and redesigned as appropriate for the SBWR. The example of the RHR heat exchanger operation
was to point-out the extensive experience with fabrication/testing/operating/maintenance history
with condensing mode heat exchangers in BWRs before the SBWR. The SBWR PCCS heat
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exchangers are designed specifically for the SBWR requirements, and are being thoroughly tested
as described later in the TAPDreport.

NRC Question
In Section 2.2.1.2, page 2-4, GE refers to the sweeping of noncondensibles into the
900.132
wetwell. The staff notes that this may not be a conservative assumption for longterm PCCS performance; GE should address this issue.
GE Response
GE's analyses do not make an assumption about the rate at which noncondensable gases are
transported from the drywell to the wetwell during the blowdown. The characterization as
"'sweeping" is based partly on engineering judgment and partly on TRACG calculations performed
with a moderately detailed nodalization of the drywell. These calculations indicate that, although
there is some long-term holdup of noncondensables in the drywell, most of the inerting gas-is
transported to the wetwell during the blowdown. GE believes that the effect of the rate of
transport of noncondensables on long-term containment pressure is properly the subject of a
sensitivity study which will establish a bounding approach for use in conjunction with
containment design.

NRC Question
In the second paragraph of Section 2.2.1.3 (p. 2-6), there appears to be a
900.133
typographical error. Should there be any text between "until" and "the end of the
72-hour period" (where "G24" now appears)?
GE Response
The subject paragraph will be reviewed and clarified in TAPD, Revision C.

NRC Question
Section 2.2.1.6, beginning on page 2-8, is an interesting discussion on "best900.134
estimate" scenarios, but the rationale for its inclusion in the TAPD is unclear.
Also, as discussed above (see Number 900.130), the staff regards IC operation as
fundamentally different in character from operation of the active, non-safety
systems discussed in this section. If GE chooses to leave this section in the TAPD,
this fundamental difference, i.e., that the IC is a passive, safety-related system
(irrespective of its classification as a non-ESF system) should be reflected.
GE Response
There were many TAPD discussions with NRC and ACRS in December, 1994, and January, 1995,
which clarified the operations of a number of SBWR systems and components during Transients
and Design Basis LOCA events. There was also considerable discussion of non-design basis
events, that is events with outcomes less challenging or more toward. "best estimate scenarios"
than the limiting design basis events. Since those discussions were so effective in conveying how
the SBWR operates it seemed essential, when we prepared Revision-B, that we include some
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comparable discussion therein. Isolation condensers have a long and successful history in BWR
service in many plants. The Isolation Condenser is a key feature in the SBWR and the section was
added as part of this "how the SBWR operates" section to assure the reader that analyses were
done with and without credit for its operation to look at the results with conservative limiting
DBA assumptions (no credit for IC operation) and more realistic (with IC operating) assumptions.
NRC Question
The inclusion of the operation of the Passive Autocatalytic Recombiners (PARS) in
900.135
Table 2.2-1 (p. 2-15) implies that they are part of the design-basis response to an
accident. Accordingly, are there any plans to test and/or qualify the PARS?
GE Response
GE does not plan to do any additional 'testing to qualify the PARs for the inerted SBWR
containment conditions. An extensive data base already exists on the PAR units. GE has a
technical exchange agreement with NIS Ingenieurgeselischaft MHB in Hanau, Germany which
developed the PAR units chosen for the SBWR and will rely on this data for design certification.
In addition, EPRI has submitted to the NRC for review the report "Qualification of Passive
Autocatalytic Recombiners for Combustible Gas Control in ALWR Containment's." The NIS
design was used in the EPRI report for the initial PAR evaluation. The results of the staffs review
were reported in a letter from the D. M. Crutchfield to R. P. McDonald on 10/3/94. The
conclusion of the review was "...the staff believes that the data base presented in EPRI's report
addresses all of the critical parameters and ranges to support consideration of this device for
design-basis accident application. However, the staff has identified a number of areas where
additional supplemental information would be need to be provided before the staff could approve
the use of PARs in a specific design." When the SBWR final design approval/design certification
process is re-started, GE will provide the information necessary to evaluate the SBWR
combustible gas control design against the criteria in Standard Review Plan Section 6.2.5
"Combustible Gas Control in Containment."
NRC Question
The staff has been led to believe that the PCCS is "over-designed," i.e., the PCCS
900.136
cooling potential exceeds decay power. However, Figure 2.2-5 (p. 2-21) shows
that PCCS heat'removal does not reach decay power levels until almost 10 hour
after accident initiation. Is this inherent to the PCCS design?
GE Response
Figure 2.2-5 will be redrafted in TAPD-C to be consistent with Figure C.4-3 on page C-14. From
Figure C.4-3, it can be seen that the. PCCS approaches the decay heat power between three and
four hours from the instant of reactor scram. The main reason for this delayed assumption of the
decay heat load by.the PCCS is that most of ihe RPV steam production is being used to heat up
subcooled GDCS water, either in the RPV or in the DW. Unlike the steam break, where the GDCS
pools stop draining as soon as their level drops to the elevation of the steam lines, the pools drain
completely following a GDCS line break. Somewhere between two and three hours post-scram,
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the heat load starts to shift to the PCCS and the purging of residual nitrogen from the DW to the
WW begins. The purging process, itself, requires a longer time for the GDCS line break than for
the steam line break because the subcooled GDCS water, pouring into the drywelU, causes a
succession of V/B openings which raise the drywell nitrogen inventory. The term "over-designed"
refers to the fact that the PCCS can remove the decay power as early as one hour post-scram with
a saturated secondary side and a drywell pressure of approximately 3.0 bar under pure steam inlet
conditions. Thus, after the purge of residual nitrogen is complete (four hours, say, for the GDCS
break), the PCCS has substantial excess heat removal capability. The condensers then start to
accumulate nitrogen in just the amount required to balance their heat removal capability with the
decay heat load. The source of this accumulation can either be nitrogen previously stored in the
lower headers and vent line or continued gradual ingestion from the drywell, which never reaches
an exactly pure-steam condition.
NRC Question
In the top paragraph of page 2-25, GE state's, "While TRACG has a three900.137
dimensional flow model, typical nodalization in the drywell is too coarse for the
calculation of the detailed distribution of noncondensibles." This statement appears
on its face to be unacceptable; if the calculation of the detailed distribution of
noncondensibles requires a different nodalization, the staff believes that the
nodalization should be changed. As a minimum, GE needs to provide much more
detailed justification as to why the present approach should be considered to be
acceptable.
GE Response
For TAPD Revision C, subsection 2.3.1 will be updated to clarify the discussion on TRACG
modeling of the noncondensible distribution.
NRC Question
In Table 2.3-2., page 2-30, the staff believes that in Item DW2, condensation on
90,0.138
heat sinks should be "high" across the board.
GE Response
GE believes the current classification is correct. A discussion of this item will be provided in
TAPD, Rev. C.
NRC Question
In Table 2.3-2, page 2-3 1, Item WW8 (containment spray), is use of containment
900.139
spray included in DBA-space? Is this wetwell spray, drywell spray, or both? Has
GE provided a description of the spray system(s)?
GE Response
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Item WW8 refers to wetwell spray. Use of the containment sprays is not included in DBA-space.
It was considered as a phenomenon of interest in the event the spray is activated as part of the Fuel
& Pool Cooling System. This will be clarified in TAPD, Rev.C.
NRC Question
a.
900.140

b.

In Table 3.2-1, page 3-16, Item TI5, GE should provide the staff with a
description of the PCCS vent line sparger (or reference the description if it
is in material already provided to the staff). Also, "PCS" in the first line of
the table should be "PCCS".
On the same page, Item T49, the staff believes that the importance of PARs
efficiency and location should be upgraded to "high".

GE Response
The design of the PCCS vent line sparger will be provided in an update of the SSAR; to be
a.
provided when Design Review is resumed.
The typographical error on the spelling of PCCS will be corrected in TAPD-Revision C.
b.

After review of the significance of the PAR units on containment integrity, GE agrees with
your evaluation and will increase the relative importance of this T/IH Phenomena for the
PAR units to 8., GE does not believe that the PAR units require testing for TRACG code
qualification since their impact on containment pressure response is relatively minor and
the PAR units are not modeled in TRACG. The PAR units represent a small heat source, a
small sink for 02 and H2, and a small source of H20. For the pre-inerted containment of
the SBWR, the containment atmosphere would have a maximum allowable pre-inerted
oxygen concentration of 4 vol %. At the time of a DBA or a severe accident, any massive
H2 release will be combined with the available oxygen, and reduce the relative 02
concentrations well below the flamability limit. The task of the PAR units in the long term
are to consume the slowly generated radiolytic 02 to assure that flammability conditions
will never be reached.
When SBWR detailed design resumes, the actual location of the PAR units will be
determined using the Gothic code to analyze compartment non-condensible gas
concentrations and to demonstrate that the location and size of the PAR units ensure
atmospheric mixtures do not reach flammability limits.

NRC Question
In view of the statement on page 2-25 regarding the capabilities of the coarsely900.141
noded flow model (see Number 900.137), how can data from the asymmetric
PANDA tests described in Section 3.3.8.4 (p. 3 through 30) be helpful in
evaluation/validation of TRACG?
GE Response
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The expectations and requirements regarding TRACG's capability to calculate containment
noncondensable distributions need to be clarified. The statement made on p. 2-25 conveys GE's
reluctance to claim that the SBWR TRACG model does a highly accurate job of predicting
instantaneous post-LOCA distributions of steam and non-condensable gas in the drywell.
However, GE also believes that it should not be necessary to do this in order to design a
structurally adequate containment. GE believes that TRACG can be used to predict the important
global features of the noncondensable distribution and to demonstrate that the effect of the
noncondensable distribution on long-term containment temperature and pressure can be bounded.
The asymmetric PANDA data are expected to offer a meaningful test of this hypothesis. GE plans
to qualify the TRACG code against the asymmetric PANDA tests. Further clarification will be
provided by the TAPD, Rev. C changes related to RAI 900.137.

NRC Question
a.
900.142

In Section 3.3.9.1, page 3-32, GE should describe which PANTHERS
test(s) will address interaction between multiple PCCS units, and how.

b.

In Section 3.3.9.2, same page, GE states, "GIRAFFE testing has
demonstrated that long-term containment performance is not highly
sensitive to [the TRACG] correlation because with N2 present, the PCCS
heat removal matched the reactor decay heat, thereby keeping long-term
containment pressures and temperatures below their allowables" (emphasis
added). First, does this statement mean (or imply) that some other
condensation correlation could be "good enough" for the calculations?
Second, in view of the mismatch between decay heat and PCCS heat
removal shown in Figure 2.2-5 (see Number 900.136), which is not
resolved until approximately 10 hour after accident initiation, GE's
statement does not appear to be justifiable. GE should provide additional
discussion on this subject to demonstrate the acceptability of its approach.

c.

Referring to Section 3.3.9.3, same page, in what way will PANTHERS tests
"implicitly address the potential for secondary circulation within the PCC"?
Also, relevant descriptions and results from the "recent testing in
GIRAFFE" noted in this section should be included or submitted separately
to the NRC. The statement regarding "PCCS heat removal match[ing]
decay heat" also would appear to be inconsistent with Figure 2.2-5, as noted
in Item (b), above, and needs to be discussed further.

GE Response
Section 3.3.9.1 states, "There may also be module-to-module and tube-to-tube variations in
a.
a single unit." All PANTHERS/PCC tests were conducted with a full-size, two module
heat exchanger. PANTHERS will provide the qualification data necessary to address these
thermal-hydraulic phenomena. Multiple unit interactions will be included in PANDA.
b.

Figure 2.2-5 has been addressed in the response to RAI 900.136. With regard to the
significance of the condensation heat transfer correlation, it is important to distinguish
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between periods of active purging of noncondensable gases from the DW to the WW and
periods where the condenser is operating with an accumulation of noncondensable gas in
the tubes but essentially zero vent flow. During periods of active purging, the
condensation heat transfer correlation is relatively important. It determines, in conjunction
with the tube wall resistance and the outside film coefficient, the amount of steam which is
bypassed to the suppression pool. As soon as the inlet noncondensable mass fraction drops
to the point where all the steam can be condensed, the significance of the inside film
coefficient begins to decrease. In this regime, as the decay power falls with time the
condensers tend to divide axially into two distinct regions. For typical post-LOCA
operation at 3.0 bar, the upper region is filled with .a condensing mixture of steam and
noncondensable gas with a relatively low noncondensable mass fraction. The lower region
consists of a mixture of approximately 2.0 bar of non-condensable gas and 1.0 bar of
steam. In this mode of operation, a change in the condensation heat transfer coefficient
would move the condensing/noncondensing boundary up or down but the net effect on
system performance would be negligible. It might also be pointed out that, even in the
purging mode of operation, the performance of the PCCS is less sensitive to the
condensing heat transfer coefficient than might at first be supposed. The reason for this is
that the thermal resistances associated with the tube wall and the outside film are
comparable to the thermal resistance on the condensing side.
c.

The meaning of "implicitly address" is "address". It is GE's position that the range of.
prototype PCC tests at the PANTHERS facility was sufficient to have flushed out any
aspect of PCC performance which had a significant effect on heat removal capability.
Thus, for example, it can now be concluded that secondary circulation within the PCC
either did not occur or, if it did, had no discernible effect on heat removal. The results of
recent GIRAFFE testing with both nitrogen and helium will be submitted separately to the
NRC.

NRC Question

900.143

The items below refer to Table 3.3-1.
a.

On page 3-38, Item 34 (E50), why are MAAP calculations included for a
design-basis issue?

b.

On page 3-38, for G21, which (if any) PANDA tests will include drywell
spray?

c.

On page 3-39, Item 48 (TIO), why is condensation on structures not
measured directly?

d.

On page 3-40, Item 53 (TIO), provide-a reference to the Russian studies
noted in the fourth column. Also, which GIRAFFE tests address this issue?

e.

On page 3-40, Item 58 (TIO), which PANTHERS and PANDA tests address
interactions between multiple IC/PCCS, GDCS, and FAPCS?
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f.

On page 3-41, Item 64 (TI5), it must be emphasized again (see Number 14,
above) that condensation heat transfer is "covered" only on an integrated
(global) basis. The staff believes that for the issue to be "well covered"
(GE's words in the fifth column), data are needed for local condensation
rates, which is not the case.

g.

On page 3-41, Item 69 (TI5), provide a reference or submit the relevant
material concerning the scaling studies in which the vent sparger steam
condensation is addressed.

h.

On page 3-42, Item 71 (T49), provide a reference for the NIS/Siemens tests,
if available, The staff believes that these tests should go through the same
review process as, for example, PANDA, PANTHERS, and GIRAFFE.
What are GE's plans in this regard?

GE Response
Item 34 (E50): The entry under MAAP calculation is misleading and will be corrected.
a.
The phenomena of Suppression Pool heating by "sloshing" through the GDCS equalizing
line was first identified by MAAP runs of SBWR severe accident cases. The phenomena
of sloshing is defined as cyclic direct suppression pool heating as a result of hot RPV
coolant being transported to the suppression pool with a defined period (approximately 141
seconds). It can only occur if the GDCS equalizing line check valve is not functioning
properly. Sloshing was verified to occur in the equalizing line by an analysis based on first
principals. For it to occur the assumption must be made that the GDCS equalizing line
check valve has failed full open. Sloshing will be addressed through further analytical
studies as well as TRACG calculations.
b.

Item 37 (G21): Refer to page A-18 of TAPD, Rev. B. Test M5 will be run with a drywell
spray. A summary of test M5 can be found in Table A.3.-9b PANDA System Test Matrix
Summary.

c.

Presumably the reference here is to Item 49, not 48. Existing PSTF tests (Mk U tests) were
performed in the 1970's and represents the largest scaled test data where condensation on
structural walls in the presence of air was measured. These tests were not instrumented to
measure condensation directly. They focused on overall thermodynamic performance.
Two tests performed at different initial drywell temperatures resulted in different steam
flows to the scaled Mk II vent. These tests were test 5101-33 at an initial drywell
0
temperature of 58°F and test 5101-34 with an initial drywell temperature of 310 F. By
performing an energy balance on the test configurations at different initial temperatures,
condensation on structures may be inferred. These tests provide a good characterization of
the effects of condensation on structures. This data is being used to qualify TRACG.

d.

Item 53: The Russian data references are as follows:
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1.

2.
3.

V. P. Isachenko, A. P. Solokv, Yu. Z. Samoilovich, V. 1. Kushnyrev and S. A.
Sotskov, "Investigation of Heat Transfer with Steam Condensation on Turbulent
Liquid Jets", Thermal Engineering, Vol. 18, pp. 7-10 (1971).
S. S. Kutateladze, "Fundamentals of Heat Transfer", Academic Press Inc., New
York, 1963.
G. G. Shklover and M. D. Rodivilin, "Generalization of Experimental Data on
Steam Condensation under Vacuum on a Vertical Water Jet", Thermal
Engineering, Vol. 17, pp. 41-43 (1970).

In the early GIRAFFE tests, water spilled over from the DPVs into the drywell in the early
part of the tests simulating a steam line break. This is not the case for the recent
GIRAFFE/Helium and PANDA tests. The early GIRAFFE tests are now being used as
supporting data, rather than qualification data.
Table 3.3-1 will be updated and the reference to GIRAFFE test data as a Technology Basis
as well as confirming PANDA data will be deleted.
e.

Item 58: PANTHERS tests included interactions between two modules of the PCCS unit..
PANDA will have 3 PCC units and I IC unit. All PANDA M - series tests will have the
three PCC units and GDCS. Test M6 will also employ the IC in parallel. Test M5 will
activate a drywell spray (FAPCS).

f.

Item 64: GE contends that local data on condensation heat transfer coefficients in tubes
has in fact been obtained from the UC Berkeley and MIT tests over a wide range of
conditions, including heavy and light noncondensibles. This data covers the range of PCC
operation. Correlation's based on this data are being assessed against overall heat transfer
data from PANTHERS and PANDA. In addition, comparisons will be made against
available local wall temperature data.

g.

Item 69: Relevant scaling results will be included in the updated Scaling Report.

h.

Item 71: NIS/Siemens test data referred to can be found in the following references:
NIS data: "Qualification of Passive Autocatalytic Recombiners for Combustible
1.
Gas Control in ALWR Containment's," EPRI ALWR Program (1993).
Siemens data: Hydrogen Reduction Following Severe Accidents using the Dual
2.
Recombiner/Igniter Concept," R. Heck, G. Kelber, K. Schmidt, and H. J. Zimmer,
SMIRT 12 Post Conference Seminar:. Containment's of Nuclear Reactors,
Karlsruhe, Germany, August 1993.
GE position on PAR qualification is outlined in response to RAI 900.135. Additional
information on PAR design and TRACG modeling is contained in response to RAI
900.140b
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NRC Question
GE states, on page 4-2 (2nd paragraph), "The integral response of the containment
900.144
for the DBA (which requires the containment to handle hydrogen generated by 100
percent metal-water reaction of the zircaloy (sic) in the core) is included as an
interaction in Table 4.1-2b" (emphasis added). This statement is true, but it also
seems to imply that the issue is addressed in GE's. testing, which the staff does not
believe to be the case. In Appendix A (page A-30), GE indicates that the
GIRAFFE helium testing will address hydrogen concentrations up to only about 20
percent metal-water reaction, and that this concentration is based on "the
equilibrium concentration of hydrogen in the drywell." GE should provide
additional discussion and a detailed analysis to describe and justify its position.
GE Response
GE will provide additional discussion in Section A3.1.6.4 of TAPD on the basis for a hydrogen
concentration corresponding to about a 20% fuel-clad metal water reaction. This additional
discussion will be based on GE's response to 01328.02, GE letter MFN 100-95, July 7, 1995.
NRC Question
In Section 4.2, page 4-18, GE states that they systems interactions studies have
900.145
been performed using TRACG with two different input decks, i.e., a "reactor
systems" deck and a "containment analysis" deck. This is the first indication that
the staff has had that two different decks are used for TRACG SBWR analysis; the
staff had thought that there was intended to be one code, with one input deck (i.e.,
one nodalization scheme). Using two decks is, to some extent, like running two
codes, due to the necessity of reconciling input parameters and providing an
interface between the two plant models. Is it GE's intent to use both of these decks
for TRACG SBWR analysis? If so, it will be necessary to fully validate both input
models. If not, which deck is GE planning to validate for design certification
analyses?
GE Response
It is GE's intention to use two input decks for TRACG SBWR LOCA analyses. The deck used for
analysis of the short-term post-LOCA response, focusing on core coverage, employs a relatively
detailed representation of the reactor core and internals. The deck used for the long-term postLOCA analyses, focusing on containment pressure and temperature, employs a relatively
simplified representation of the core and internals. Both models calculate the transient starting
from the instant of the LOCA. The long-term model is calibrated against the short-term model for
the early blowdown phase to ensure consistency of such parameters as break flow, GDCS
initiation time, and GDCS flow. The use of the more detailed RPV model for the long-term
studies would lead to prohibitively long running times, and is not justified from the standpoint of
the role played by the RPV (basically, just the source of decay-heat steam) in the long-term phase.
Both input models were documented in the SBWR SSAR. GE recognizes the necessity of fully
verifying both input decks.
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NRC Question
Table 5.2-2 (pp. 5-12 and 5-13) includes "containment spray" phenomena in the
900.146
"wetwell" category. Does this also include phenomena related to drywell spray
(see Number 900.139, above)? The same question is relevant to a similar entry in
Table 6.1-1, page 6-3.
GE Response
Drywell spray was not included in the list of PIRT items. However, a general category of
condensation on reactor outflows was included (DW4). The phenomena pf condensation by a
spray in a vapor space including noncondensibles would be the same in the drywell and wetwell.
The effects of cold water injection in the drywell include vacuum breaker opening. It was felt that
this would be covered by Item DW4 above. No credit is taken for either drywell or wetwell spray
in the DBA calculations.
NRC Question
Referring to Figure 5.3-1, page 5-23, GE needs to define which test(s) in PANDA
900.147
will address the GDCS phase of an accident, as is implied by the elongated boxes
below the graph.
GE Response
A PANDA test (number M9) for earlier phases after initiation of the blowdown period (i.e., down
to approximately 15 min.)is being reviewed to reconcile the limitations of the PANDA facility for
testing at these conditions but has not been finalized. When test conditions for M9 have been
established the PANDA test program matrix will be updated to reflect the PANDA testing for the.
GDCS phase of an accident.
NRC Question
Is there a table equivalent to 5.4-1 (BWR Plant Data for TRACG Qualification for
900.148
SBWR - Reactor Vessel and Core) that could be shown for containment?
GE Response
Plant operating data that is available for validating TRACG performance are primarily for plant
operational transients. The containment thermal hydraulic phenomenaare mostly associated with
loss of coolant accident (LOCA) loads. Plant operating data for LOCA loads do not exist.
However, for containment SRV loads, in-plant test data is available. These are:
I.

Caorso SRV Discharge Tests - Phase I & 11 (NEDO-25 100 and NEDO-25118
respectively).

2.

Monticello In-Plant Safety/Relief Valve Discharge Load Test (NEDC-20997 Rev. A).
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NRC Question
In Table 5.3-2 (pp. 5-21), there are no entries under the various test programs for
900.149
Items SQI and WW2. However, in Table 5.5-2 (page 5-32), both of these items
have an "X" under the column "Integral Systems Tests." Please clarify this apparent
discrepancy.
GE Response
The apparent discrepancy will be clarified in TAPD, Rev. C.

NRC Question
Also in Table 5.5-2, page 5-32 and 5-33, elaborate on which measurements in
900.150
which integral systems test(s) will address the following Items: DW1, DW2, DW4,
WW4, WW8, WW9, PC3 (natural circulation), EQ1, EQ2, and XC7.
GE Response
This will be elaborated in TAPD, Rev. C.
NRC Question
On page A-3, GE states, "TRACG modeling or nodalization changes are not
900.151
expected..." To which of the two TRACG input decks (see Number 900.145) is this
statement intended to apply?
GE Response
The statement applies to both input decks, i.e., the appropriate model for the application.
NRC Question
GE claims on page A-9 that the SBWR MSLB and GDCS line break scenarios
900.152
"clearly bound the possible SBWR range" of PCCS operating conditions. The
bottom drain line break appears not to be considered. GE needs to provide further
justification demonstrating that these two scenarios do, in. fact, bound PCCS
conditions.
GE Response
The attached figure has been prepared for the case of the BDLB. The data points on the figure
represent snapshots of the PCCS inlet steam and nitrogen flows at 100-second intervals between
one hour and twelve hours from the instant of LOCA. (The ordinate in the figure is labeled "Air
flow'" to eliminate confusion in comparing with the PANTHERS test conditions.) Also shown is
the envelope of the steam and air flow data for the GDCS line break which was presented in
Figure A.3-4. Although the BDLB data do slightly exceed the GDLB envelope, the essential point
made in connection with Figure A.3-4, namely, that the PANTHERS test conditions bound the
SBWR conditions remains valid.
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NRC Question
On page A-I 1, in the subsection "Air/Steam Mixtures," GE states that the tests
900.153
indicated cover "the complete range of potential air fractions." Staff analyses have
indicated that this may not be the case. GE must demonstrate quantitatively that
the quoted statement is accurate.
GE Response
The stated tests do cover the complete range of air fractions the PCC would experience in SBWR
at the rated steam flow conditions (i.e., 5 kg/s). The air fractions represented by Test Conditions
9, 15, 18, and 23 are 0.015, 0.031, 0.076, and 0.15 respectively. The steam only Test Condition
41 (another test to be analyzed with TRACG) represents the lower limit with an air mass fraction
of zero.
Because of the limiting pressure drop across the PCCS, Test Condition 23 bounds the upper limit.
In the SBWR, the difference in submergence between the PCCS vent and the top containment
LOCA vent determines the maximum possible pressure drop through the PCCS. This elevation
difference is 0.85 m, which at expected suppression pool conditions represents about 8.3 kPa. In
Test 23, pressure drops from the inlet to the vent exit were recorded up to 13 kPa which exceeds
the SBWR pressure drop which would cause the main LOCA vents to uncover. Therefore, in the
SBWR if the air mass fraction is greater than 0.15, then the steam mass flow through the PCCS
will be less than the rated flow of 5 kg/s per condenser. If the steam flow from the RPV to the
drywell is higher than the rated flow (5 kg/s per condenser) and the air mass fraction is above
0.15, then some of the RPV steam flow must go through the LOCA vents to the suppression pool.
NRC Question
In the PANDA test descriptions on page A-18:
900.154
a.

Why is the condition for test M2 the "most asymmetric condition that can
be established in PANDA"? What about the reverse case, i.e.,
maximizing steam content in DWI and air content in DW2?

b.

For test M5, the lack of specificity in earlier discussions/ table entries
concerning containment spray make the reference to "drywell spray" in this
test confusing. Will drywell spray only be used? What about wetwell
spray? What are the designs of the SBWR and PANDA containment spray
systems?

GE Response
The test configuration for test M2, which is to direct all the steam flow from the RPV to
a.
Drywell 2 with two PCCs, is expected to give the "most asymmetric condition that can be
established in PANDA" with respect to inlet conditions for the PCC. This is because the
two PCCs in Drywell 2 are expected to condense nearly all of the steam flow from the
RPV, so that there will be only a small fraction of the steam flow to Drywell 1. This is
expected to give the maximum difference in air content for the inflow to the PCCs, with
the air content in the flow to PCCI in Drywell 1 being much higher than that to PCC2 and
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PCC3 in Drywell 2. If all the steam flow were directed to Drywell 1, the differences in air
content in the flow to the PCCs would be less, because the one PCC condenser in Drywell
1 would not have sufficient capacity to condense all the steam flow. This would result in a
more uniform distribution of the steam between the two drywells than that expected if all
the steam flow were directed to Drywell 2.
b.

Only the drywell sprays are being considered because the objective is to cause the vacuum
breaker to open (i.e. wetwell sprays will tend to keep the drywell vacuum breaker closed).
SBWR drywell/wetwell spray systems are sub-systems of the FAPCS which isolates on
LOCA initiation but remains available for use by plant operators. The design of the
PANDA spray system has not been finalized and a preliminary review of the PANDA
facility auxiliary water injection capability indicates it will be insufficient to cause vacuum
breaker opening without some additional adjustments to system conditions (i.e. RPV
heater power reduction). The design objective for the spray system is to condense steam
flow to the drywell and cool the drywell so that the drywell pressure drops sufficiently
relative to the wetwell pressure that the vacuum breaker opens.

NRC Question
For the description of PANDA base case initial conditions, on pp. A-20 and A-21:
900.155
a.

Were any scenarios other than the referenced MSLB considered? If not,
why not?

b.

How are the associated analyses being initialized? Specifically, will any
runs be done using a PANDA deck from t=O?

GE Response
A range of break scenarios was considered in the process of validating the SBWR
a.
containment conceptual design. A guillotine rupture of one of the main steam lines was
identified as the limiting break based on the criterion that it produces the maximum longterm containment pressure. The PANDA facility was designed specifically with the
MSLB in mind. Based on these factors, a set of initial conditions derived from the MSLB
scenario is an appropriate choice for the PANDA test matrix.
b.

The PANDA TRACG runs will be initialized with the same conditions as the PANDA
tests. This is the definition of t-O for PANDA.
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NRC Question
In Section A.3.1.5.1, page A-25, GE states that GE and the NRC "agreed that the
900.156
existing GIRAFFE data [were] completely adequate technically" (emphasis added).
This is not true. The staff agrees that GIRAFFE data are, on the whole, technically
sound and could (and should) be used as supporting information. However, GE's
representation could be read to imply complete coverage of relevant conditions
and/or specific types of data, which is clearly not consistent with the staff's position
and which has led to additional GIRAFFE tests and more extensive instrumentation
(e.g., noncondensible gas sampling). The staff recommends that GE modify this
phrase to reflect the staffs stated position on earlier GIRAFFE tests.
GE Response
In Revision C, the first sentence in the final paragraph of TAPD Section A.3.1.5.1 will be revised
toread:
In July 1994, GE and NRC Inspection Branch agreed that the existing GIRAFFE data, although
technically sound and adequate for use as supporting data, did not meet the documentation
standards required for an ANSI/ASME NQA-1 test.
NRC Question
Is the discussion in Section A.3.1.8.6 (page A-35) also relevant to the PCCS vents?
900.157
GE Response
The testing on suppression pool stratification obtained at PSTF is applicable to the PCCS vents.
All the data and analysis GE has available indicates that the suppression pool stratifies above a
heat source, and does so in an approximately uniform manner. This conclusion would be as
applicable to the PCCS vents as to the main LOCA vents. Testing at the PANDA facility will
confirm these results.
NRC Question
In Table A.2-1, page A-41, please define PANDA Phases 1, 2,.and 3.
900.158
GE Response
The listing under the data group column refers to the test number or group of tests as applicable to
the individual test program.
For PANDA the listings are renamed as follows:
M3,4,7
Phase 1
M5,6,8
Phase 2
M2,9,10
Phase 3
NRC Question
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With reference to Table A.2-3 (page A-44), GE should outline a procedure for
performing blind, post-test calculations.

900.159

GE Response
The only calculations expected to fall into this category are the GIRAFFE/Helium calculations.
The analyst performing these calculations is physically located in a different building and has
been given no information regarding the test other than the test initial conditions. GE will provide
a statement in the Design Record File to the effect that the analyst had no access to the test results
prior to submitting the blind calculation results to the NRC.
NRC Question
In Table A.3-3, page A-51, PANTHERS/PCCS test 78 (air and helium) should be
900.160
included as a TRACG qualification point.
GE Response
GE accepts the NRC request to include Test 78 in the TRACG post-test evaluation of the
PANTHERS PCC data.
NRC Question
Table A.3-11 on page A-60 and A-61 is of some interest, but it is not of much use
900.161
in determining conditions frequently referred to as "SSAR conditions." The staff
needs a simple description of the SSAR conditions, e.g.,
-

basic assumptions

-

chosen single failure. criteria

-

average DW/WW thermodynamic
noncondensibles

-

energy distribution, for example at one hour post-LOCA, including locations of

conditions, including distribution of

outgoing flows
-

safety systems operational status (e.g., is the GDCS still draining?)

In addition, variables in the table are not defined, and there is no noding diagram
that one can use as a reference to understand the information presented in the table.
GE Response
The conditions presented in Table A.3-1I1 are referred to as the "SSAR conditions" because they
are based on an analysis which was originally documented in the SBWR SSAR and, subsequently,
in the SBWR TRACG application methodology report. The analysis model and assumptions have
evolved since the issuance of these documents but they are useful references. With respect to the
specific items cited above, the following summary is provided:
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(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)

Basic assumptions
The reactor is operating at 102% of rated thermal power.
Initial RPV pressure is 7.276 MPa (1055 psi).
Best-estimate decay heat curve (ANSI-ANS-5. 1-1979).
A complete loss of ac power occurs simultaneously with the pipe break.
Scram occurs in less than one second from receipt of the high DW pressure signal..
DW and WW gas spaces are initially homogeneous mixtures of the inerting gas and
water vapor.
°F), and 20%
Initial DW conditions are: 106.6 kPa (15.45 psia); 57.2 °C (135
relative humidity.
Initial WW conditions are: 106.6 kPa (15.45 psia); 43.3 TC (110 OF); and 100%
relative humidity.
operating value
Suppression pool initial temperature is at its maximum normal
0
of 43.3 C (110 OF).
PCC pool water is saturated at an overpressure of one atmosphere.
Single failure criteria
One GDCS injection valve fails to open or one DPV fails to open (whichever is
limiting).
Average DW/WW thermodynamic conditions
For the most part, the average conditions in the SBWR DW and WW at one hour
post-LOCA are as shown in Table A.3-10 which presents these data as initial
conditions for PANDA Test M3. The exceptions are the DW and WW vapor
temperatures. The DW vapor temperature is 424 K, or 19 K superheated, and the
WW vapor temperature is 347 K in the SBWR results. As explained on page A-20,
it is not practical to initialize the PANDA test facility with superheated vapor or
non-equilibrium conditions between the liquid and vapor phases in the vessels. The
DW vapor and wetwell liquid temperatures in Table A.3-10 have been modified
from the SBWR one-hour values to accommodate these limitations.
Enermy distribution
At one hour post-scram, the decay power is 26.4 MW. For approximately one-half
hour, leading up to the one-hour point, essentially all of the decay power has been
consumed by heatup of the subcooled GDCS water. There is no flow through the
main LOCA vents or to the PCCS. The RPV water is just on the verge of reaching
saturation and, consequently, steaming to the DW is about to resume. This
combination of circumstances makes the one-hour point the ideal starting time for
the PANDA simulation.

(1)
(2)

Safety systems operational status
The GDCS pools have stopped draining by one hour post-LOCA.
The ICS is assumed to be non-operational.

Definition of variables
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The definition of the variables listed in Table A.3-1I is as follows:
vol:
p:
pa:
alp:
T.t:
TI:
Ti:

cell volume
total pressure
nitrogen partial pressure
cell void fraction
saturation temperature at the water vapor partial pressure
vapor temperature
liquid temperature

A following nodalization diagram for the SBWR TRACG model for long-term containment
analyses is provided for reference.
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NRC Question
On page A-9, in 'Steady-State Tests," what does the term "after one hour into a
900.162
LOCA' mean? Is this for all times beyond one hour, or for conditions existing at
one hour post-LOCA? Related to this section, for Figures A.3-4 and A.3-5, pp. A79 and A-80, what is the range of conditions for a bottom drain line break? In
general, is there anything to the right of the triangle marked "GDCS Break" and
above "MSL Break" that is relevant to the SBWR? Real physical systems do not
tend to show such discontinuous behavior as suggested by this figure. It is also
unclear why the two accident scenarios shown should be so much different in terms
of the shaded area shown, since, after opening of the ADS, one would expect
primary system conditions to begin to converge, since the ADS vent area is much
larger than the break areas. How were these shaded regions established? How are
these figures related to the conditions shown in Figure A.3-3? These comments are
also relevant to Figure A.3-15.
The approach chosen in the presentation of this information once again
demonstrates the problems inherent in choosing somewhat arbitrary times at which
to define system conditions, such as 10 minutes or one hour after LOCA initiation.
It would appear to be more logical to choose as break points the phases of an
accident (e.g., blowdown, ECCS injection, long-term cooling) or key times related
to behavior of SBWR systems (e.g., end of refill, time of peak PCCS heat removal,
etc.)
GE Response
"After one hour" means from one hour to the end of the calculation. Typically, and specifically in
the case of Figure A.3-4, the calculation is carried out for twelve hours from the instant of LOCA.
This is long enough to characterize the long-term behavior. The figure presented in the response
to RAI 900.152 for the bottom drain line break is useful for explaining how the triangles in Figure
A.3-4 were constructed. The points in the BDLB figure show air and steam flows at the PCCS
inlet at 100-second intervals from one hour to twelve hours from the instant of the LOCA. The
triangles are constructed as the intersection of a vertical line, bounding the maximum steam flow,
and a line drawn from the origin with a slope sufficient to envelope the data points. For example,
to strictly envelope the BDLB data, this line would intercept the 3.0 kg/sec steam. flow line at an
air flow of approximately 0.6 kg/sec. From this description, it can be understood that the triangles
are not one-to-one maps or time histories but, rather, bounds of the steam/air inlet conditions
throughout the calculated SBWR LOCA scenario. It can also be understood that there is nothing
to the right of the GDCS-break triangle and nothing above the MSL-break triangle.
The BDLB figure can also be used to explain the progression of inlet conditions as the transient
proceeds. This progression is basically clockwise starting at the origin. In the period immediately
following one hour, subcooled GDCS water is absorbing the decay power and there is no flow to
the PCCS. This period is represented by the high concentration of points at the origin. When the
RPV water again reaches saturation, flow to the PCCS resumes and, at first, follows an
approximately linear steam/air flow trajectory corresponding to the air mass fraction in the region
of the drywell which feeds the PCCS. This initiates the purging process which transports the
drywell air to the wetwell via the PCC units. At some point during the purge (a steam flow of
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approximately one kg/sec in the BDLB case), the concentration of air in the drywell starts to drop
and the steam/air trajectory turns over. The steam flow continues to increase as the air
concentration in the inlet mixture decreases. The end of the purging process is represented by the
extreme lower right comer of the figure. The steam flow has now increased to its maximum value
(matching the decay power) and the air flow has dropped to essentially zero. From this point, the
steam flow "walks" backward along its axis as the decay power slowly drops.
The difference in the steam/air envelopes for the GDLB and MSLB accident scenarios results
from what happens during the GDCS injection phase of the transient. For the MSLB, a large
fraction of the subcooled GDCS water is retained in the pools as the RPV water level rapidly
recovers to the MSL elevation and equilibrates with the water in the GDCS pools. There is no
vacuum breaker activation and, accordingly, there is a small air fraction in the drywell at the
initiation of PCCS flow. PCCS flow initiates at about one hour from the instant of LOCA at a
decay power close to its rated heat removal capacity and, as a result of the low DW air inventory,
it rises to match decay power relatively rapidly. For the GDCS break, the pools drain completely
and RPV steaming does not resume until about 2.5 hours from the LOCA. .During the GDCS
injection period, there are multiple V/B activations leading to a relatively large air fraction in the
drywell when PCCS flow initiates. The larger inventory of drywell air results in a longer purging
period so that the PCCS steam flow does. not match decay power until about 3.5 hours from the
LOCA. Thus, the maximum steam flow is significantly reduced from the MSLB case.
There is no precise relationship between Figures A.3-4 and A.3-3. Figure A.3-3 was drawn to
illustrate various flow conditions which can exist in the PCC circuit between the drywell and the
wet well. The purpose of Figure A.3-4 is to show that SBWR conditions are covered by the
PANTHERS test matrix.. Curves 1 through 4 in Figure A.3-3 describe a sequence of conditions
which can follow the initial ascension of the PCCS heat removal to match decay power. At the
end of the purge, drywell pressure exceeds wetwell pressure by slightly more than the head
required to clear the PCCS vents. If the purging process has left the condensers in a relatively airfree condition (a "strong" purge), the DW pressure can then start to fall as the PCCS removes
slightly more than decay power. Eventually, as it moves through the sequence from curves 1 to 4,
the DW pressure will decrease to the point where the V/Bs open. This will reintroduce air to the
DW and drive the PCCS inlet conditions to the left and upwards in the triangular regions of Figure
A.3-4. Calculations performed to date have given no indication that this would lead to a
"penetration" of the triangle boundary defined by the initial purge.
GE agrees that, in general, phases of the accident sequence are more useful descriptors than
specific times in the sequence. However, one hour does have the special significance of being the.
earliest time at which heat removal by the PCCS is required to ensure that the main LOCA vents
do not reopen. Calculating PCCS inlet conditions from one hour onwards ensures that all the
conditions under which it must operate have been considered.
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NRC Question
In the definition of Rer on page B-16, the term "D" in the denominator should be
900.163
top" (viscosity). Further, this definition is different from the one for Ref on page BI6, in which the term "tt•" appears. In the first place, that term should be "wetxea
perimeter." Second, in addition to these apparent errors, the two definitions are
inconsistent, since one appears to be based on the film's hydraulic diameter as the
characteristic dimension, while the other is based on the film thickness. This leads
to a factor of 4 difference (which occurs because the hydraulic diameter of the film-4Afjm/Pwet-- is equal to 4 times the film thickness). GE should correct the errors in
these equations and reconcile the definitions of the two versions of Ref, or explain
why they can be different.
GE Response
This question will be addressed in the revised scaling report (NEDC-32288 Scaling of the SBWR
Related Tests, Revision 1).
NRC Question
In the definition of the parameter rlph (see p. B-17), what happens when the steam
900.164
fraction approaches zero?
GE Response
If the steam fraction approaches zero then the non-dimensional number, rl-ph, will approach zero.
The steam generated by the RPV does not approach zero during the duration of the tests. If the
scaling was done for some condition where Qdot-rpv approached zero and the PCC heat removal
was still present a reference value other than Qdot-rpv would be the proper reference value.
NRC Question
the values of Re?
In Table B.2-5 (p. B-26), what flow rates were used to calculate
900.165
3 , and get a value of
Re1
of
ratio
the
Also, one can take an alternate approach to find
0.91 rather than I:
The ratio of Re can be expressed by (ws/wo)*(DoIDs), where w is the mass flow
rate (rather than GE's m-dot) and S and G are SBWR and GIRAFFE, respectively.
The flow rate should be proportional to decay heat (DH) divided by the number of
tubes (N), so the ratio of flows can be approximated by (DHs/DHo)/(NO/Ns) =
400*(1/498). The ratio of diameters, Do/Ds = 45.2/47.5; thus, Res/Reo = (400/49Discuss these questions and
8)*(45.2/47.5) = 0.76, and (0.76)"3= 0.91.
calculations.
GE Response
This question will be partially addressed in the revised scaling report (NEDC-32288 Scaling of the
SBWR Related Tests, Revision 1). The remainder of the response is re-scheduled for 9/30/95.
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NRC Question
On page 81-9, GE states "the time scales, Tt, and
900.166
Provide calculations supporting this statement.

rin

will be small compared tO T°...'

GE Response
This question will be addressed in the revised scaling report (NEDC-32288 Scaling of the SBWR
Related Tests, Revision 1).
NRC Question
Table B2-1 (p. B2-4) indicates that GIRAFFE's GDCS scaling introduces
900.167
significant distortions. How will those distortions affect the transition from the
GDCS phase to the PCCS phase? The staff is most concerned here with the relative
timing of events in GIRAFFE compared to those predicted for the SBWR.
GE Response
This question will be partially addressed in the revised scaling report (NEDC-32288 Scaling of the
SBWR Related Tests, Revision 1). The remainder of the response is re-scheduled for 9/30/95.
NRC Question
In the Table of Contents for the TRACG Preliminary Validation Report (p. AI-3),
900.168
there is a section in Chapter 4 entitled, "Justification for difference in nodalization
vs SBWR nodalization, if any." In the staff's view, justification for differences in
nodalization vs. SBWR nodalization must also be provided-for tests performed in
the past, if any of those tests are used for TRACG SBWR validation.
GE Response
This is planned in the context of addressing the 901 series RAIs on the TRACG Qualification
report (NEDE-32177P).
NRC Question
In Attachment Al, drywell mixing analysis has not been listed in the tables of
900.169
contents for any of the TRACG documents. Which TRACG document will discuss
drywell mixing analysis? Will the analysis be an upper bound type analysis, or will
it be a rigorous, 3-D type analysis?
GE Response
(Response re-scheduled for 9/30/95)
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NRC Question
For consistency, in the last sentence of the first paragraph of the Overview of
900.170
Section A.3.1.2.1 (p. A-1 1), "component performance" should say "component
structural performance," since the reference (Section A.3.2.2) is to the structural
performance tests.
GE Response
We agree that "component structural performance" is a better description and will make that
change in TAPD-C.
NRC Question
The discussion of PCCS operational modes in Section A.3.1.1.4 is a substantial
900.171
improvement upon material provided previously. However, there is no mention of
the condensate return flow to the GDCS pool. Please explain or justify.
GE Response
The text in Section A.3.1.1.4 will be revised to include discussion of the condensate return flow
from the PCC.
During a LOCA in the SBWR, the PCCS and GDCS form a loop to keep the core covered with
water and remove the decay heat. Steam coming off the core, leaves the RPV through the DPVs,
enters the drywell, and flows to the PCCS. Condensate flow from the PCCS heat exchangers goes
to the GDCS pool in the drywell. The GDCS delivers the water. to the RPV where the decay heat
of the core converts itto steam and starts the loop again.
NRC Question
There appear to be some inconsistencies between the summaries of the systems
900.172
interactions studies as contained in Table 4.2-1 (page 4-22) and as discussed in
Section C.5. The latter discusses the potential adverse effects of operating the
RWCU system in certain cases, but Table 4.2-1 shows "NI" for the entries under
RWCU. Please clarify.
GE Response
For clarification, Table 4.2-1 is updated as follow with footnote on the operation of RWCU
System.
-

For the case of feedwater line break, results of this study may indicate the need for an EPG
requirement to not operate the RWCU System if the vessel downcomer water level drops
below the level of the feedwater line"
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NRC Question
As a general comment, GE's table of contents (TOC) and choice in numbering its
900.173
addenda to the main body of the report are somewhat confusing. The TOC does
not show all subsections, but only 2 or 3 "significant digits." This makes it difficult
to locate specific information. Furthermore, the choice of labeling some of the
addenda as "Appendices" and some as "Attachments" leads to easy confusion
between section, page, figure, and table numbers. For instance, Section B.1 is in
Appendix B; Section BLI.1 is in Attachment BI; Attachment B2 does not have any
sections listed at all; and some of the subsections in what should be Section A.3.1.4
do not have a period between the A and the 3, which might lead one to start looking
for Attachment A3, which does not exist. A full TOC (listing all subsections,
regardless of the number of identifiers) and a more scrutable listing of addenda (for
instance, calling all of them Appendixes, or incorporating the "Attachments" into
the body of the Appendixes under new section numbers), would facilitate review
and discussion of the TAPD.
GE Response
In our efforts to improve quality and consistency we have created some constraints as well. The
proprietary and non-proprietary versions of the TAPD are created from one set of electronic files,
using the lines in the margin and other format features to select the material to print for either
version. This caused us to make the.table of contents (TOC) be no more detailed than the material
presented in the non-proprietary version. We also made a consistency decision to make.the
maximum number of decimal places in the TOC be no more than two (X.Y.Z). We made
comparable editorial decisions for the tables and figures.
To facilitate your review and make it easy for you to Copy/Cut/Paste and put questions into
context in the report, in addition to the TOC we have provided to you the electronic copy of the
non-proprietary version of the TAPD and the Adobe Acrobat Reader software and installation
instructions on pc diskettes in jackets in the inside front cover of the report. While this is a readonly product you can copy the files, then use most any word processing -routine with search
capabilities to search to any level of detail you desire, or to insert your questions and comments
right into the text, and forward to us electronically (E-Mail) or send to a printer. Since Revision C
will be the latest edition of this report and we are tracking comments/veriflcations/DSERcomments/RAls, we will keep the same format for the document but incorporate other suggestions
as we can within the restraints we've already implemented.
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NRC Question
In Figure 1.4-3 (page 1-24), there is an error in Step 8 in the middle of the figure.
900.174
The far right hand box says, "Compare Calculations vs. SETS using NPP
Nodalization." "SETS" here should be "IETS." However, since the box to the left
already refers to "Integral Systems Test Data Base," the acronym could just be
replaced by "Data" without loss of specificity. Similarly, "SETS" in the far left
hand box (same line of figure) could also be replaced by "Data," which would
alleviate the confusion of using undefined acronyms in the figure.
GE Response
GE will correct the far right hand box in Figure 1.4-3 to say "lETS" and also define the acronyms
in the text. We prefer to maintain the figure and the terminology associated with the figure as it
stands. The figure is taken from the CSAU report, NUREG/CR-5249.
NRC Question
In Table 1.2-2 (page 1-12), the parenthetical reference to MSIVs for Automatic
900.175
Depressurization Valves is incorrect; presumably, it was intended to be SRVs
(which are indeed, part of the ADS). Note, however, that the term "AutomaticDepressurization Valves" in various other GE documents refers only to the squibactuated valves, for which there is no "related experience" deriving from either
existing plants or the ABWR. GE should correct and clarify this entry.
In the same table, what is meant by the reference to the PCC as "Dual Function
Heat Exchangers"? It also seems somewhat of a stretch to relate RHR heat
exchangers -in current generation plants to the PCCS HXs, considering the unique
operational characteristics of the PCCS, especially the presence of large amounts of
noncondensible gases needing to be vented (see Number 900.131, above).
GE Response
We will update the table to clarify the SBWR Feature description.
The SBWR uses Squib Valves in Standby Liquid Control System (SLCS), Gravity Driven Cooling
System (GDCS), and Depessurization Valve (DPV) applications. Squib operated SLCS valves are
used in nearly all BWRs (BWR-2 through 6 product line plants, 2 valves per plant, I valve tested
every refueling outage), and have provided valuable related experience which was considered in
developing the SBWR DPVs. As noted in the response to RAI 900.110, above, the SBWR DPVs
themselves have gone through a large amount of testing in being qualified for SBWR application.
The SBWR Automatic Depressurization System (ADS) includes eight SRVs and six DPVs.
GE will change ADS Valves to SRVs in the table. SRVs benefit from a large amount of nuclear
power plant experience. There are as many as 6 to 20 SRVs per plant with tens of years of
service, maintenance, and testing history on dozens of plants.
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"Dual Function Heat Exchangers" are condensing mode heat exchangers such as the RHR heat
exchangers used in earlier BWRs. RHR heat exchangers provide many reactor years of
operation/maintenance/testing experience considered in developing the SBWR PCC Heat
exchangers. The SBWR PCC heat exchangers are considerably different from RHR heat
exchangers in many aspects and are going through their own testing program as described in the
TAPD report.

NRC Question
In Section A.3.2.4, the test description states that:
900.176
The double seal design provides assurance that maximum leakage requirements
will not be exceeded in the event that an obstruction should lodge on either seat.
While the soft seal functioned effectively when it was obstructed with wires of
various diameters and when obstructed with large pieces of foreign material
intended to disable the seal, the vacuum breaker test program did not adequately
examine the performance of the primary (soft) and hard seat when obstructed. For
example, during the vacuum breaker seat sensitivity test (conducted for information
only and not as part of the vacuum breaker qualification test program), the valve
could not be pressurized to perform leak tests of the seals when the pieces of wire
spanned the grove that accommodated the soft primary seal. This may have been
because the soft seal had experienced a compression set following the DBA/LOCA
tests. What is GE's technical basis for the assertion that the double seal design
provides assurance that maximum leakage requirements will not be exceeded in the
event that an obstruction should lodge on either seat?
The leak tightness of the vacuum breakers also relies, in part, on the RTV sealant
used to cement the primary seal in place. While the RTV sealant used underneath
the vacuum breaker soft seal did not appear to cause any performance problems
with the valve, the sealant was not subjected to the same radiation and thermal
aging to which the EPDM soft seal was subjected. Since this is a safety-related
valve and because there was excessive valve leakage past the soft seal before the
RTV sealant was used, we may want to either ensure that the sealant is adequately
qualified or ensure that valve leakage is acceptable without the use of sealant. The
use of sealant as a primary barrier to ensure acceptable valve leakage in a safetyrelated valve is an issue that warrants further staff consideration. GE may want to
consider an alternative seal design that does not rely on a sealant on one side of the
soft primary seal to ensure a leak tightness.
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GE Response
The soft seal was manufactured with a crush of 0.08 inch so that a wire up to 0.05 inch in diameter
can be passed through the inlet or outlet screens, lodge on the hard seat, and still allow the soft
seal to compress and seal. Following the thermal aging and LOCA testing the seal took a
compression set flush with the hard seat. The foreign particle test was made with the seat in the
fully degraded compression set condition resulting in the observed condition of loss of seal when
particles were placed on the hard seat. In order for a particle to lodge on the valve seat it is
necessary for the valve to lift. During a postulated LOCA event when it is necessary for the valve
to seal, TRACG calculations predict that all valve lifts will occur within the first two hours of the
event or prior to the time significant compression set will occur. Loss of compression set later in
the LOCA event when valve lifts are not expected to occur is not a concern.
As a remedy to eliminating compression set, the same basic seal material could be cured with a
different agent or a harder compound specified. The need for improved compression set
performance on the production valve will be evaluated considering such factors as the probability
of valve lifts late in a LOCA event.
Although the seat sealing RTVwas not radiation aged, it was thermally aged. after being used to
install the seal in the disk and the original RTV remained in place throughout performance,
dynamic, design basis accident, and reliability testing. RTV is widely used in nuclear applications
and is a material qualified for service in GE BWRs. The redesign of the seal on the production
valve to eliminate the need for sealant will be evaluated; however, .RTV sealant is a qualified
nuclear material that works well in this application.
NRC Question
In Section A.3.2.4, the test matrix and data analysis section states that:
900.177
The- flow test demonstrated that the valve stroke was not sufficient to meet
minimum flow requirements. Since the natural stability of the valve eliminated the
need for a disk damper, the stroke was increased to take credit for damper deletion.
It. was demonstrated that increasing the valve stroke results in achieving the
required flow performance.
When (in relation to the vacuum breaker qualification test program) was the valve
stroke increased and when was it demonstrated that the increased stroke resulted in
the required flow performance? It was the NRC's understanding that the bulk of the
vacuum breaker test program was performed with the disk damper removed and
before the upper stem guide support structure was modified to accommodate the
increased stroke. This section of the report infers that the modification to increase
the valve stroke was completed before the fragility tests, safe shutdown earthquake
acceleration (SSE) time histories, DBA tests, and reliability tests.
GE Response
The initial valve performance tests established that the valve effective flow area was less than the
minimum specified. The flow limiting factor was believed to be the screens or the stroke. The
flow volume test was performed with the screens removed with only a small increase in flow rate.
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Since the stroke was limited by the upper stem guide support and stem length, the bonnet was
unbolted and raised by a spacer while holding the disk against the stop. The flow rate increased in
proportion to the increase in valve stroke confirming that the valve stroke was the flow limiting
parameter. The existing valve could have been modified by installing a longer stem and
machining back the upper stem guide support. However the prototype valve was not modified
because the test demonstrated that the same basic valve design could meet minimum flow
requirements with an increase in stroke (alternatively more than three valves could be used to
break the drywell to wetwell vacuum). The production version of the valve will likely be
modified to increase stroke and the performance test repeated as required by ANSI 16.34. Since
the purpose of a prototype valve is to confirm the basic concept and identify design refinements it
was judged unnecessary to modify the prototype valve.
At no time was the valve damper installed because the valve exhibited low flow stability without
chatter.

NRC Question
Section A.3.2.4, the test matrix and data analysis section, states that after the SSE:
900.178
Upon disassembly of the valve it was discovered that the ballast ring and the
position sensor screws had come loose due to failure to engage existing lock
washers. Screws had been ingested by the valve and hammered by the disk. Leak
rate testing confirmed the main seal was undamaged and the hard seat still
exceeded leak tightness requirements despite marring. The valve ruggedness and
resistance to seal damage was demonstrated by this event.
The fact that the seating surfaces and soft primary seal were not functionally
damaged might just have been a one-time occurrence. Since the seal and seating.
surfaces were not subjected to controlled engineering tests, generic conclusions
about their capability should not be inferred.
GE Response
The staff observation that the screw ingestion event did not prove the seal is resistant to damage is
correct. The commentary on seal ruggedness was provided as part of the explanation of Why
screw ingestion did not invalidate the valve dynamic fragility testing. GE makes no claim that the
soft or hard seat are immune from damage caused by foreign objects on the valve seat.

NRC Question
Section A.3.2.4, the test matrix and data analysis section, also states that:
900.179
The valve was cycled three thousand times to demonstrate reliability at its required
statistical failure rate of 3xlO4 per demand.
Provide a basis for the conclusion that three thousand test cycles without failure
provides confirmation of the assumed failure rate.
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GE Response
ECN-CX-93-135, "Bayesian Approach to the SBWR Vacuum Breaker Reliability Demonstration
Testing", a statistical Bayesian analysis was submitted by GE letter MFN 065-94, dated May 2,
1994, in response to RAI 900.62 item f. Starting with the SBWR PRA assumed failure probability
of 3E-4/d, the analysis demonstrates that reliability can be justified to the 95% level by 3,000
vacuum breaker cycles without failure. Bayesian analysis is particularly suited to reliability
testing, since: i) scarce data are better handled; and ii) the sample size can be smaller to achieve
the same quality of inferences than with the classical approach.
NRC Question
Section A.3.2.2.3 indicated that the objective of the PANTHERS/IC Component
900.180
Demonstration Test is to confirm the mechanical design adequacy of the IC
exchanger for assuring structural integrity during the period of time between
SBWR In-Service Inspection (ISI). However, in a conference call, the staff was
informed that the objective of the test is to measure component responses to
various transients and to reveal any thermal mcheting. The test measurements and
number of transient occurrences are then used in conjunction with other loads in an
analysis to calculate stress resultants and cumulative fatigue effects for ensuring
conformance with the ASME Code. Thus, the structural integrity to be ensured is
for a*period of plant life (60 years in this case, not between ISI), and Code.
compliance is the ultimate acceptance criteria in addition to post-test NDE. Clarify
the test objective and acceptance criteria.
GE Response
The test objective and other text will be improved in TAPD, Rev. C to more closely reflect the
process that will be used to confirm the mechanical design of the IC heat exchanger.
NRC Question
Provide detailed drawings of the PANTHER/IC test components, including
900.181
transducer locations.
GE Response
The Ansaldo design drawings for the IC test unit are:
Document No. Rev.
VN0015-B-C-09
VN0015-B-D-19
VN0015-B-D-10
VN0015-B-D-18
VN0015-B-D-20
VN0015-B-E-04
VN0015-B-D-12

Description
1
GENERAL ARRANGEMENT FOR ERECTION (2 pages)
PREASSEMBLY MAIN DRAIN LINE
DRAIN LINE ITEM 14 - FEED LINE ITEM 8.1-8.2
3
PREASSEMBLY ITEM 312
0
PREASSEMBLY MAIN STEAM LINE ITEM
2
MIXTURE INLET LINE - INSTRUMENTATION
1
DESCRIPTION MACHINING ITEMS 3.2-7
2
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The PANTHERS/IC instrumentation is described in detail, including instrument locations, in the
following SIET documents transmitted earlier:
Description
TECHNICAL SPECIFICATION FOR IC & PCC INSTRUMENT
1
INSTALLATION
1994]
30,
June
[Sent in MFN 086-94,
Document No. Rev.
00157ST92

PANTHERS-IC TEST PLAN
0
00396RI95
PANTHERS-IC P&ID
3
024.01.00.DD
PANTHER-IC STEAM SUPPLY LINE
1
024.01.32.DD
PANTHERS-IC CONDENSATE DRAIN LINE
1
024.01.33.DD
PANTHERS-IC VENT LINES
1
024.01.35.DD
[Sent in MFN 091-95, June 21, 1995]
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