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ABSTRACT

This report supplements the draft safety evaluation report (DSER) that was
issued November 30, 1994 by the Office of Nuclear Reactor Regulation of the

! U.S. Nuclear Regulatory Commission (NRC) with respect to the application filed
| by the Westinghouse Electric Corporation (Westinghouse) for design
! certification of the AP600 passive reactor design (Docket No. 52-003). Thel

! application for the AP600 design was submitted on June 26, 1992 by

| Westinghouse Electric Corporation under Subpart B, " Standard Design
! Certifications," of Part 52 of Title 10 of the Code of Federal Reaulations

(10 CFR Part 52), and Appendix 0, " Standardization of Design: Staff Review of
Standard Designs."

This supplement provides the status of the staff's review of information
submitted to the NRC regarding the AP600 testing program and computer code
development and qualification efforts. The staff has identified open and

| confirmatory items that must be resolved before the staff can complete its
| review of the design certification application. These are summarized in

's Sections 1.6 and 1.7 of this report, respectively. In order to close these
items, the staff requires the additional information identified in this
supplement. The staff will provide its conclusions on the review of the AP600
standard design in the final SER.

.

|
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1 INTRODUCTION AND GENERAL DISCUSSION

'

1.1 Introduction

On November 30, 1994, the U.S. Nuclear Regulatory Commission (NRC or staff),

| issued a draft safety evaluation report (DSER) on the application filed by
)

|- Westinghouse Electric Corporation (Westinghouse) for design certification of ;

| the AP600 passive reactor design (Docket No. 52-003)._ This report is a l

supplement to that DSER (SDSER).

This supplement gives the status of the staff's review of information
submitted to the NRC regarding the AP600 testing program and code development
and qualification efforts. During the review of the AP600 design, the staff

| made many requests for additional information (RAIs). Westinghouse has

supplemented the information in the standard safety analysis report (SSAR)-
through Revision 6 (dated March 29,1996), as well as in docketed submittals.

| \O Unless otherwise noted, this supplement reflects the staff's review and
consideration of information submitted through January 31, 1996. Information )
received after that date may be discussed in this supplement on' a case-by-case
basis, depending on the stage of review. The SSAR and all pertinent
information and materials are available for public inspection at the NRC
Public Document Room, 2120 L Street, NW, Washington, DC 20037.

This supplement references several Westinghouse reports. Some of these

reports contain information that Westinghouse requested be held exempt from
public disclosure, as provided by Section 2.790 of Title 10 of the Code of

Federal Reoulations (10 CFR). For each such report, Westinghouse submitted a
nonproprietary version, similar in content except for the omission of the
proprietary information. The staff relied on the proprietary versions while
evaluating the AP600 design.

The staff has not completed its review of the design and has identified new
open and confirmatory items (designated as SDSER items in Sections 1.6 and 1.7t

AP600 DSER 1-1-
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of this supplement) that must be satisfactorily resolved before it can
complete its review. The staff will issue a final safety evaluation report
(FSER) after resolving the open and confirmatory items identified in the DSER
and this supplement.

Each of the following sections or appendices of this supplement is numbered in
the same manner as the section or appendix of the DSER being updated, and the
discussions are supplementary to, and not in lieu of, the discussion in the
DSER unless noted otherwise. The numerical designation for open arsd
confirmatory items in Chapter 21 of this supplement continues the sequence
established in the DSER. The status of applicable items from the DSER has
either been updated or closed, as appropriate.

!

This supplement conforms to the Commission's policy statement on metrication.

Therefore, all measures are expressed as metric units, followed by English j
units in parentheses. However, in its staff requirements memorandum ofi

|January 19, 1994, the Comission exempted the AP600 application from the
Comission's policy on metrication. Therefore, English units are used in the
SSAR and the rest of the application.

The NRC's licensing project managers assigned to the AP600 standard design !

review are Mr. William Huffman, Ms. Diane Jackson, Mr. Thomas Kenyon, and Mr. l
;

Joseph Sebrosky. They may be reached by calling (301) 415-7000, or by writing j
to the Office of Nuclear Reactor Regulation, Mail Stop 0-11H3, U.S. Nuclear
Regulatory Comission, Washington, DC 20555-0001.

i

1.6 Sumary of Open Items
j

In Section 1.6 of the DSER, the staff noted that certain items remained open
at the time the report was issued. In this supplement, the staff updates the
status of some of those items for which it has continued its review. In
addition, the staff identifies and discusses additional open items that must

|

be satisfactorily resolved before it can complete its review.

An item is open if Westinghouse has not provided a sufficient basis for its
resolution or has not yet submitted requested information. Where Westinghouse

AP600 DSER 1-2
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=

owes information, the staff will review it to determine its acceptability, and I
may request additional information if it is insufficient to resolve the
staff's concerns.

i

Each open item in the DSER was assigned a unique identifying number, which
related it to the section in the DSER where the open item was discussed. For
example, Open Item 21.3.1-1 was discussed in Section 21.3.1 of the report.
The same format has been preserved for this supplement. The numerical
designation for open items in Chapter 21 of this supplement continues the
sequence established in the DSER. The status of applicable items from the
DSER has either been closed, subsumed by other open items, or updated, as
appropriate. In addition, a number of new open items have also been
identified. To assist in distinguishing between the DSER and new open items,
the DSER items are marked with an asterisk (').

1.6.1 Open Items That Have Been Closed or Subsumed by Other Open Items

As a result of the submittal of additional information, some of the DSER open
items have been closed or subsumed by other open items. The status of these
items is summarized below:

DSER Ooen Item Description

21.3.1-1* Staff review of the core makeup tank (CMT) test facility is
complete.

21.3.1-2' Westinghouse submitted all CNT test program documentation.

21.3.2-l* Westinghouse submitted the Phase 81 facility description
(WCAP-14303).

21.3.4-l* Staff review of the departure from nucleate boiling test
program documentation for the AP600 reference case VANTAGE
5-H fuel assemblies is complete.

AP600 DSER l-3
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DSER Open Item Descriotion

21.3.6-1* Westinghouse submitted all test program documentation for the
SPES-2 program.

21.3.8.1-l* Westinghouse submitted all outstanding large scale test
documentation.

21.3.9.1-l' Westinghouse submitted reports that contain evaluations and

conclusions for the water distribution tests.

21.3.9.3-l' DSER Open Item 21.3.9.3-1 concerning the lack of a heated

surface is subsumed under DSER Open Item 21.5.9-2.

21.4.8.1-l' The test inlet steam flow rate for Test 220.1 was too low to
be measured; therefore, using the measured value for WG0THIC

analyses would still contain uncertainties. Therefore, the
staff accepts Westinghouse's decision to conclude Test 220.1
with only two sets of data measurements.

21.5.6-l* Pending review of the " scaling closure" report (see SDSER |

Open Item 21.5.10.1-1), staff review of the SPES-2 testing
|

program is complete. I

21.5.7.4-1" The staff reviewed Westinghouse's methodology for assessing
the wind neutrality of the AP600 containment and finds
acceptable both the conclusion that no imposed wind

conditions are conservative for the AP600 containment loss-
of-coolant-accident (LOCA) analysis and the decision to use
this methodology in the design-basis analysis.

21.5.8-5' WCAP-14382 and Westinghouse Report PCS-T2R-050 contains an

evaluation of the large-scale passive containment cooling
system (PCS) test data.

AP600 DSER 1-4
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DSER Onen Item Descriotion

V
,

21.6-l' Westinghouse submitted details of the NOTRUMP validation.

This open item is subsumed by the detailed issues in
,

Section 21.6.2 of this supplement.
{

21.6-2' Westinghouse submitted details of the LOFTRAN validation. l

This open item is subsumed by the detailed issues in
Section 21.6.1 of this supplement.

21.6-4' Westinghouse submitted information on the validation of the

AP600 analysis codes as part of the test program reports. |

This open item is subsumed by the detailed issues in
Section 21.6 of this supplement.

1.6.2 DSER Items That Remain Open or New Items

/ After reviewing the additional information submitted to the NRC through
January 31, 1996, the staff identified the following new open items or DSER
items that remained open at the time this supplement was prepared.

Open Item Descriotion

21.2.7.2-l* Westinghouse needs to demonstrate that the AP600 analysis

codes, as validated by its testing program, can be relied on
to accurately represent shutdown conditions in the AP600.

21.3.2-2' Westinghouse has committed to provide a " road map" to

demonstrate how the information from the automatic
depressurization system (ADS) test program will be used as a
basis for further development and testing of the actual ADS
valves.

O
'

AP600 DSER 1-5
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Onen Item Description
!

,

21.3.3-l' Westinghouse needs to submit a revised PRHR test report to
|

demonstrate the applicability of passive residual heat |
1removal (PRHR) test data

21.3.5-1* Several of the staff's requests for additional information
(RAls) on the final scaling report for the Oregon State
University Advance Plant Experimental (OSU/ APEX) facility
remain outstanding.

21.3.5-2' The staff is still reviwing the OSU test analysis report. I
'

1

121.3.8.5-1* This DSER open item identified the staff's concern with the '

scaling of the Large-Scale Test (LST) facility. The staff
has identified the following specific SDSER open items
(21.3.8.5-la - 21.3.8.5-lf) to clarify its concerns:

O|21.3.8.5-la Westinghouse needs to demonstrate that its scaling approach
ensures that the results of the tests are representative of
the prototype.

1

21.3.8.5-lb Westinghouse needs to clarify the role played by scaling in a
bounding analysis and to relate proposed bounding values to
the test data.

21.3.8.5-Ic Westinghouse needs to address phenomena that could be

important, but that may not have been included or may have
been incorrectly determined to be inconsequential in the
PIRT.

'

21.3.8.5-Id Westinghouse needs to extend the PIRT to the next lower level
of detail.

O
AP600 DSER 1-6
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~

21.3.8.5-le Westinghouse needs to factor the importance of phenomena as
determined by the scaled testing into the PIRT..

21.3.8.5-1f Westinghouse needs to submit a report on the scaling method.

21.5.1-l' The data and analysis related to the prototype level

instrument is insufficient to resolve staff concerns about
the capability of the instrument to perform its functions in
the AP600. !

f
,

21.5.2-1* Several of the staff's request for additional information on
the final data report and the test analysis report for the
ADS Phase B1 test program remain outstanding.

21.5.5-l' Any additional insights from NRC's confirmatory test programs
(" .that bear on integral system behavior will be factored into
\

the AP600 final review for the OSU/ APEX tests.

21.5.8-1* The staff is still reviewing the treatment of noncondensible

gases in the LST testing program, the treatment of mixing and
stratification in the AP600 design-basis accident (DBA)
evaluation model, and the use of the LST data to support the
evaluation model in the LST program.

21.5.8-2' The staff is still reviewing the applicability of the water
coverage test results from both the water distribution and

Ilarge scale tests, as they relate to the input used for the
MG0THIC computer program for the AP600 SSAR.

i

21.5.8-3' The concern whether the LST provides sufficient information

to assist in developing a conservative, bounding analysis, as t

identified in Open Items 21.3.8.5-lb and 21.3.8.5-le, !

O |.

!

AP600 DSER 1-7
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Ooen Item Description

I

remains. As such, DSER Open Item 21.5.8-3 remains open until
the scaling and PIRT issues are resolved.

21.5.8-4* Westinghouse indicated that the heat balance analysis would I

be reviewed to address staff concerns about condensate
formation in the containment vessel. The staff considers
this commitment to be part of DSER Open Item 21.5.8-4, and
therefore, this item remains open.

21.5.8-6' The staff is still reviewing the acceptability of the non-
prototypicality of the design of the LST model, which does
not include a downcomer region, and uses a chimney-installed
fan to model circulation in the annular region.

;

21.5.8-7' The staff is still reviewing the modeling of the long- and
short-term heat sinks, flow paths, and internal volumes in
the containment, especially in relation to their
representation in MGOTHIC.

21.5.9-1" Westinghouse needs to demonstrate the validity and

conservatism, if applicable, of using the same coverage
fractions for all times and of the 660-second time delay
before initiation of PCS flow in the MG0THIC DBA analysis.

21.5.9-2' Westinghouse needs to demonstrate how water coverage data

obtained from an unheated surface can be extrapolated to
represent film behavior on the AP600.

21.5.9-3' Westinghouse needs to address if and how the baffle-wall
.

standoffs are treated in the coverage model, and if the
degree of conservatism present in the coverage fractions
includes a reduction in PCS flow due to clogging of weirs
with debris.

AP600 OSER l-8
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Onen Item Descriotion
;

21.5.10.1-1 Westinghouse needs to submit a " closure" report on the design
certification testing programs that integrate Westinghouse's
test results, demonstrate that the test data cover an

!
;

appropriate thermal-hydraulic range, address the pertinent !

phenomena identified in the PIRTs, and are consistent with,

i

assumptions made in deriving the scaling parameters used to
design the test facilities and to develop the test matrices.

.

21.6-3' Westinghouse needs to submit additional information on the

details of the MCOBRA/ TRAC analysis methodology for the
AP600.

21.6-5' Westinghouse needs to demonstrate the acceptability of the
{

data from the wind tunnel tests to establish the boundary
conditions input into MG0THIC for the AP600 containment
analysis.

21.6-6' a
The staff is still reviewing the MG0THIC code. I

. ,

!21.6.1.4-1 Westinghouse needs to submit responses to RAIs on the '

adequacy of the analytical models in the LOFTRAN code for

application to the'AP600 passive reactor design.
!

21.6.1.6-1 Westinghouse needs to describe, in Chapter 15 of the SSAR,
the PRHR heat transfer option it has selected for each

analysis in which LOFTRAN is applied and explain why the
option is conservative for that application.

21.6.1.7-1 Westinghouse needs to submit responses to RAIs on LOFTRAN.

21.6.1.7-2 Westinghouse needs to identify the information provided in
RAI responses that will be incorporated into the LOFTPAN

(,
.

AP600 DSER l-9
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Doen Item Descriotion

final verification and validation (V&V) documcnt (WCAP-14307)
or the code applicability document (WCAP-14234).

21.6.1.7-3 Westinghouse needs to submit a detailed example of how it
used auxiliary programs, hand calculations, and conservative
assumptions to model pump trips and startups in LOFTRAN.

> 21.6.1.7-4 Westinghouse needs to submit criteria for using the penalty
model for CMT piping when " moderate" voiding takes place.

21.6.1.7-5 LOFTRAN should not be applied to any analysis involving
-

actuation of the ADS because it has not been benchmarked
against ADS actuation experiments.

21.6.1.7-6 For each transient analyzed with LOFTRAN, Westinghouse needs

to submit information on the impact of not conserving mass,
energy, momentum, and volume.

21.6.1.7-7 If choked flow is applied throughout the transients,
Westinghouse needs to demonstrate that this approach is
conservative in all cases using LOFTRAN for the AP600.

21.6.2.2-1 Westinghouse needs to identify which information from the

NOTRUMP-related RAI responses will be formally incorporated

into NOTRUMP-related documentation such as the final
verification and validation report, the code applicability
document (WCAP-14206), or the SSAR.

21.6.2.2-2 Westinghouse needs to submit the final verification and
validation report.

21.6.2.4-1 Westinghouse needs to explain what provision will be used to
ensure that volumetric-based momentum equations will be used
for all AP600 calculations.

.

AP600 DSER 1_10
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Onan Item Description

V
21.6.2.4-2 Westinghouse needs to submit the NOTRUMP assessment cases to

demonstrate the adequacy of the re-casting of the momentum
equation and drift flux equations in net volumetric form.

21.6.2.4-3 Westinghouse needs to submit the assessment cases to

demonstrate the acceptability of modifications to the '

transient terms in the momentum equation of NOTRUMP.

I
21.6.2.4-4 Westinghouse needs to explain what provision will be used in l

NOTRUMP to ensure that options to override the default flow
partitioning will be used for all AP600 calculations.

21.6.2.4-5 Westinghouse needs to complete all benchmark and assessment

calculations (to be included in the FV&V report) to

-

demonstrate the acceptability of the logic modifications for
application of the NOTRUMP code to the AP600 SBLOCA.

21.6.2.4-6 Westinghouse needs to determine whether to use additional
separate effects level swell tests to support the
qualification of the NOTRUMP code to address the code's -

capability to predict two-phase level . swell and system mass
inventory (see Open Item 21.6.2.6-2).

21.6.2.4-7 Westinghouse needs to submit benchmark calculations to.

demonstrate that the modified pump model is reasonable for
application of NOTRUMP to the AP600 SBLOCA.

'

21.6.2.4-8 Westinghouse needs to submit benchmark calculations to

demonstrate the acceptability of the changes made to the
NOTRUMP gravitational head term, and applicability to the
AP600 SBLOCA.

O
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Ooen Item Descriotion

21.6.2.4-9 Westinghouse needs to submit benchmark calculations (to be
included in the FV&V) to demonstrate the acceptability of the
model changes and additions.

21.6.2.4-10 Westinghouse needs to submit benchmark calculations to l

demonstrate the acceptability of the adequacy of the NOTRUMP
birthing logic, and its applicability to the AP600 SBLOCA.

21.6.2.4-11 The NOTRUMP FV&V report and assessment calculations need to
!

damonstrate the acceptability of the Zuber critical heat flux
l

correlation for AP600 SBLOCA analysis.

21.6.2.4-12 The NOTRUMP FV&V report needs to demonstrate the

acceptability of the smoothing logic.

21.6.2.4-13 Westinghouse needs to submit the assessment calculations to

demonstrate acceptable logic operation and logic interactions
during the FV&V of the AP600 NOTRUMP code.

21.6.2.5-1 Westinghouse needs to address the models affecting the fluid
entering the ADS piping, particularly for the hot legs and
pressurizer in the FV&V report.

.

!

21.6.2.5-2 Westinghouse needs to investigate the NOTRUMP code's

inability to properly characterize CMT thermal stratification
and to better explain some of the differences in CMT
discharge flow comparisons.

|

21.6.2.5-3 Westinghouse needs to submit its reanalysis of previously
analyzed component separate-effects tests that are listed in

|

Table 21.7 to demonstrate the acceptability of these tests.

21.6.2.6-1 Westinghouse needs to submit benchmark calculations to

demonstrate the acceptability of the NOTRUMP model changes
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Onen Item Descrintion

O
.

and additions for which these benchmark calculations are to
be performed. -

21.6.2.6-2 Westinghouse needs to demonstrate the overall adequacy of the
separate effects testing ~ relating to level swell and void
fraction distribution in the NOTRUMP code (see Open
Item 21.6.2.4-6).

21.6.2.6-3 Westinghouse needs to submit reanalysis of the integral
systems tests listed in Table 21.10.

21.6.2.7-1 Westinghouse needs to submit PRHR primary side heat transfer
comparisons between NOTRUMP and OSU/SPES-2 data in the FV&V
report.

O 21.6.2.7-2 The NOTRUMP FV&V report needs to address the effects of non-
condensible gases on PRHR heat transfer.

21.6.2.7-3 Westinghouse needs to clarify ahether and how it will use the

COSI condensation model in the AP600 NOTRUMP code.

21.6.3-1 Westinghouse needs to submit the revision to Section 4 of
>

WCAP-14171-P to demonstrate the applicability of the
operating plant uncertainty evaluation to the AP600.

21.6.3-2 The staff is still reviewing the numerical ranking of the
WCOBRA/ TRAC AP600 LBLOCA PIRT parameters.

21.6.3-3 The staff is still reviewing Westinghouse's response to RAI
440.347 on AP600 blowdown cooling due to downflow.

21.6.3-4 The staff is assessing the absence of core and downcomer

O oscillations in the MCOBRA/ TRAC analysis of Run 58 at the
Cylindrical Core Test facility (CCTF).
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21.6.3-5 The staff is reviewing the pressure differences between the
WCOBRA/ TRAC analysis and CCTF Run 58 data in the CCTF in

order to understand their significance.

21.6.3-6 The staff is reviewing the loop flow differences between the
WCOBRA/ TRAC analysis and the CCTF in order to understand
their significance.

21.6.3-7 Westinghouse needs to address the impact of the elevation

difference between the DVI location in the upper plenum test
facility (UPTF) and the AP600, and on Westinghouse's
conclusion that WCOBRA/ TRAC will conservatively calculate
emergency core cooling bypass in the AP600.

21.6.4-1 Westinghouse needs to demonstrate that the long-term cooling

(LTC) transient is not sensitive to variations in the initial
conditions, and that the initial and boundary conditions for
the window calculations are acceptable.

21.6.4-2 Westinghouse needs to justify the failure of one ADS-4 valve
as the worst-case single failure for an LTC analysis of a
double-ended cold leg guillotine (DECLG) break.

21.6.4-3 Westinghouse needs to perform analysis of containment and
vessel pressure versus time in the evolution of the LTC
scenario to justify pressure values for an LTC analysis of a
DECLG break.

21.6.4-4 Westinghouse needs to provide a detailed account of the

pressure variation in the vessel and the pressure losses due
to the flow in the vessel to support the LTC analysis of a
DECLG break.

O
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U
21.6.4-5 Westinghouse needs to address a discrepancy between the

total injection flow and total outflow from the vessel in its
;

LTC analysis of a DECLG break.

21.6.4-6 Westinghouse need. to clarify the void fraction predictions
used in its LTC analysis of a DECLG break.

21.6.4-7 Westinghouse must address the peak cladding temperature and

pressure distributions if the water in the sump is saturated
during LTC and the void fraction was higher in its LTC
analysis of a DECLG break.

21.6.4-8 Westinghouse needs to choose additional windows for the
DECLG-break LTC analysis to demonstrate the effectiveness of
the passive cooling system.

21.6.4-9 Westinghouse needs to address boron precipitation in its
Chapter 15 LTC SSAR analysis.

21.6.4-10 Westinghouse needs to address the effect of water holdup or
diversion in containment, water loss through containment
leakage, or the need to replenish any water lost from
containment because of leakage to support the LTC analysis.

21.6.4-11 Westinghouse needs to address the adequacy of the windows
selected as representative of the LTC event.

21.6.4-12 Westinghouse needs to identify how the portion of a LBLOCA -
LTC transient between the end of an LBLOCA analysis and the
start of an LTC analysis will be treated. |

-21.6.4-13 Westinghouse needs to acceptably address RAIs on MCOBRA/ TRAC-

O LTC.
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Open Item Descriotion

21.6.4-14 Westinghouse needs to integrate the containment response into

the APG00 simulated transient calculations.

21.6.4-15 Westinghouse needs to reanalyze the simulated transients with
corrected parameters to correct errors in the flow resistance
and heat transfer coefficients used to analyze OSU.

!21.6.4-16 Westinghouse needs to justify the use of a window approach in
analyzing the OSU transient.

21.6.4-17 Westinghouse needs to explain how the code qualification with
|respect to pressure differences in the LTC transient is

affected by inaccuracies in instrumentation measurements.

21.6.4-18 Westinghouse needs to verify flow direction and the correct
evolution of a calculated transient in the OSU analyses.

,

21.6.5-1 Westinghouse needs to address the treatment of temperature
distributions in the containment atmosphere and the
enclosing wall structural temperature distribution as
modeled in the MG0THIC lumped parameter approach.

21.6.5-2 Westinghouse needs to address the staff's concerns on
the use of the Westinghouse form of the Chun and Seban

correlation in the heat and mass transfer models for
MG0THIC.

21.6.5-3 Westinghouse needs to address the staff's concerns on
liquid film stability and rainout effects in the heat
and mass transfer models for MG0THIC.

21.6.5-4 Westinghouse needs to address the staff's concerns on
liquid film enthalpy transport in the heat and mass

transfer models for EGOTHIC.
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21.6.5-5 Westinghouse needs to address the staff's concerns on

free convection mass and heat transfer models for
MG0THIC.

21.6.5-6 Westinghouse needs to address the staff's concerns on

conduction to internal heat sinks in the heat and mass
transfer models for MG0THIC.

21.6.5-7 Westinghouse needs to address the staff's concerns on
the modeling of the region above the dome, from the
spring line to the exhaust chimney, in MG0THIC.

21.6.5-8 Westinghouse needs to demonstrate that its treatment of the
air inlet temperature and humidity in MG0THIC is
conservative.

21.6.5-9 Westinghouse needs to address RAIs on fog formation in

the external air annulus in the condensation and
evaporation models for MG0THIC.

21.6.5-10 Westinghouse needs to address the staff's concerns with the
AP600 modeling to assess flow field stratification and
stability and jet effects in the non-condensible
stratification and separation models for HG0THIC.

21.6.5-11 Westinghouse needs to address the staff's concerns on form

and friction losses in the non-condensible stratification and
separation models for MG0THIC.

21.6.5-12 Westinghouse needs to address time-step convergence for the

AP600 models in the numerical scheme used for HG0THIC.

21.6.5-13 Westinghouse needs to identify constrained variables and
jj quantities and their impact on AP600 licensing calcu'lations.,

AP600 DSER 1-17
I

, ..

..
- - ----



- _ -

_

Open Item Descriotion

21.6.5-14 Westinghouse needs to justify the use of correlations outside
their range and discuss the impact of these correlations on
AP600 licensing calculations.

21.6.5-15 Westinghouse needs to correct all known coding errors in the
final version of EGOTHIC for the AP600 DBA PCS analyses.

21.6.5-16 Westinghouse needs to address the staff's concerns on the
importance of numerical diffusion on the MG0THIC code.

21.6.5-17 The staff is reviewing the AP600 modeling techniques employed
by Westinghouse to ensure the staff's concerns for the
distributed-parameter model are acceptably addressed.

21.6.5-18 Westinghouse needs to address the staff concerns with PCS

water coverage and the applicability of the Zuber-Staub model
to MG0THIC.

21.6.5-19 Westinghouse needs to address the staff's concerns on the
implementation and validation of the " clime" model used in
WG0THIC.

21.6.5-20 Westinghouse needs to address the staff's concerns on the

treatment of the condensation on the baffle in WG0THIC.

21.6.5-21 The staff is reviewing MG0THIC model data, MG0THIC models for

LOCAs and main steamline break (MSLBs) and the models to be
used for the AP600 DBA.

21.6.5-22a Westinghouse needs to address the RAIs on the Hugot tests.

21.6.5-22b Westinghouse needs to address the RAI on the Eckert and
Diaguila tests.
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O
.

21.6.5-22c Westinghouse'needs to address the RAI on the Siegel and
Norris tests.

21.6.5-22d
Westinghouse needs to address the RAIs on the separate '

effects heat transfer tests.

21.6.5-22e
Westinghouse needs to address the RAI on the University of
Wisconsin condensation tests.

21.6.5-22f
Westinghouse needs to address the RAI on the Westinghouse STC
Flat Plate evaporation tests.

21.6.5-22g
Westinghouse needs to address the RAIs on the LST tests used
to support the heat and mass transfer correlation.

21.6.5-22h Westinghouse needs to acceptably address the RAIs on the
y/ separate effects mass transfer tests.

,

21.6.5-23 Westinghouse needs to present the separate-effects test data

used to' assess the mass and heat transfer correlations in the
MGOTHIC computer program to be used for the AP600 DBA

evaluation model with ancertainties shown for the test data.

21.6.5-24
Westinghouse needs to address the RAIs on the MGOTHIC
analyses of the priority LST tests.

,

21.6.5-25 The staff will evaluate the effect that resolution of open
items concerning the LST scaling study and the PIRT

(discussed in Sections 21.3.8 and 21.5.8 of this supplement)
could have on the MG0THIC code.

21.6.5-26
Westinghouse needs to demonstrate the acceptability of

SATAN-VI for the calculation of the LOCA mass and energy
( release for the AP600 DBA evaluation model.
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21.6.5-27 Westinghouse needs to demonstrate the acceptability of
LOFTRAN for the calculation of the MSLB mass and energy

release for the AP600 DBA evaluation model.

1.7 Summary of Confirmatory Items I

In Section 1.7 of the DSER, the staff noted that certain items were
confirmatory at the time the report was issued; however, there were no
confirmatory items identified in Chapter 21 of the DSER. As a result of its
review of the additional information submitted to the NRC through January 31,
1996, the staff identified the following additional confirmatory items. An

item is identified as confirmatory if the staff and Westinghouse have agreed
on its resolution, but that resolution remains to be formally documented in
the SSAR or supplementary documentation. Each confirmatory item is assigned a
unique identifying number. The number identifies the section in this
supplement where the confirmatory item is discussed. For example,
Confirmatory Item 21.5.4-1 is discussed in Section 21.5.4.

Confirmatory

itgm Descriotion

21.5.4-1 Westinghouse must use the Adjusted WRB-2 correlation for the
departure from nucleate boiling Ratio (DNBR) calculation if

the local area mass flux in the hot channel is between 2.34 x
10' and 5.08 x 10' kg/hr-m' (0.48 x 10 and 1.04 x 10'8

lbm/hr-f t') .

21.5.4-2 Westinghouse must use the WRC-2 correlation for the DNBR

calculation if the local area mass flux in the hot channel is
between 4.9 x 10' and 1.8 x 10 kg/hr-m' (1.0 x 10' and 3.7 x7

10' l bm/hr-f t') .

O
t
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Confirmatory

J1tg Descriotion

21.5.4-3 The staff's DNBR acceptance applies only to VANTAGE 5-H fuel
1

assemblies.

21.6.1.6-1 The acceptability of the PRHR model used in the LOFTRAN code

is contingent on a finding that the PRHR data are acceptable '

(see Section 21.5.3.of this supplement).

21.6.2.4-1 The application of the SIMARC drift-flux technology is
acceptable for analysis of the AP600 SBLOCA pending
confirmation of the model through the benchmark and
assessment of the code to be provided in the final
verification and validation (FV&V) report.

L
r

21.6.2.4-2 The modifications made to the NOTRUMP drift-flux correlations
]r

are acceptable for analysis of the AP600 SBLOCA pending |
. confirmation of the model through the benchmark and

assessment of the code to be provided in the FV&V report.

21.6.2.4-3 Westinghouse needs to verify that the NOTRUMP code does not
use the Bjornard and Griffith modification.

21.6.2.4-4 Westinghouse needs to verify that heat link methodology for
transition boiling is not used in AP600 NOTRUMP calculations.

21.6.2.5-1 The acceptability of the PRHR model used in the NOTRUMP code

is contingent on a finding that the PRHR data are applicable-
(see Section 21.3.3 of this supplement).

21.6.2.7-1. Comparisons of the NOTRUMP code simulations to the OSU and

SPES-2 test data in the FV& report should confirm the

applicability or insensitivity of the NOTRUMP flow regimes

O models to the key system response parameters.
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Confirmatory I

it.93 Description
;

21.7.1.1-1 The staff will confirm the implementation of the proposed
corrective and preventive actions related to Nonconformance

!
99900404/95-01-03 during a future inspection to establish

fthat full compliance has been achieved and maintained.

21.7.1.2-1 The staff will confirm the implementation of proposed
corrective and preventive actions related to Nonconformance

'

99900404/95-02-01 during a future inspection to establish,

that full compliance has been achieved and maintained.
{

21.7.1.2-2 The staff will confirm the implementation of proposed
corrective and preventive actions related to Nonconformance I

99900404/95-02-02 during a future inspection to establish
that full compliance h3s been achieved and maintained.

21.7.1.6-1 The staff will confirm the acceptable disposition of test
deviations between the Test Engineering Group and the

Containment and Radiological Analysis Group during a future
inspection.

21.7.1.6-2 The staff will confirm the implementation of proposed
corrective and preventive actions related to Nonconformance
99900404/95-01-01 during a future inspection to establish
that full compliance has been achieved and maintained.

21.7.1.6-3 The staff will confirm the implementation of proposed
corrective and preventive actions related to Nonconformance
99900404/95-01-02 during a future inspection to establish
that full compliance has been achieved and maintained.

O
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21 TESTING AND COMPUTER CODE EVALUATION

1
21.I' Introduction |

I

The AP600 is the first " passive" advanced light-water reactor (ALWR) to be
reviewed by the NRC. Its distinguishing feature is a dependence on safety
systems whose operation is driven by " natural" forces, requiring no !

continuously operating, electrically (ac) powered, mechanical components, such
as pumps. In the context of the AP600, the natural forces include gravity and f
stored mechanical energy. Also included in the definition of " passive" j

systems are components that may require electrical (de) power, supplied by
batteries, to change state; however, these components are allowed to change f

!state only once (e.g., a valve can change from " closed" to "open" but must
remain open thereafter). Check valves, which require no power, but which open j

Ior close according to the differential pressure across the valve, are alsog
included in the passive systems.

1

21.1.1 Passive Emergency Injection Systems

The AP600's emergency core cooling (ECC) injection systems include the

following:

core makeup tanks (CMTs), which initially inject cold, borated water intoa

the reactor coolant system (RCS), and which can operate either in a
natural-circulation-driven recirculatory mode or by gravity drain

accumulators, pressurized by compressed nitrogen gas, which also inject*

cold, borated water into the RCS

in-containment refueling water storage tank (IRWST), which provides*

borated water by gravity drain to the RCS

O |
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The accumulators and IRWST are isolated from the RCS during normal operation
by means of check valves in their injection lines that are held shut by RCS

'

pressure. The CMTs are isolated from the RCS by motor-operated (de) valves,
which open on an actuation signal.

21.1.2 Ultimate Heat Sink
,

Long-term, post-accident cooling in the AP600 is provided by the passive
containment cooling system (PCS), which condenses steam from the RCS on the

inside surface of the steel containment shell; the condensate returns to the
IRWST or to the containment sump, from either of which it recirculates to the
RCS.

21.1.3 Passive Residual Heat Removal System

The passive residual heat removal (PRHR) system cools the core in the event
'

that heat removal via the steam generators is not available. The PRHR system,
i which can operate up to full RCS pressure, and contains one heat uchanger

(HX) tube bundle submerged in the IRWST. Water flows by natural circulation
from one hot leg thraugh tiie HX, and returns to one of the steam generator
cold-leg channel heads. This system can also function with the reactor
coolant pumps (RCPs) operating.

21.1.4 Automatic Depressurization System

The automatic depressurization system (ADS) consists of two redundant banks of
depressurization valves, arranged in four stages. The first three stages are
connected to the RCS at the top of the pressurizer, and exhaust through pipes
and a sparger into the IRWST, where the effluent is condensed. The fourth
stage is connected to the hot leg (one bank per hot leg), and exhausts
directly to the containment. The first stage of the ADS is actuated whan the
liquid volume of either of the CMTs reaches 67.5 percent full; timers are also
actuated, which then control the opening of the second and third ADS stages.
The fourth stage opens when either of the CMTs reaches 20 percent full.

O
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|

Operation of the ADS is crucial to the performance of the safety injection
{:( systems. While the CMTs are connected directly to RCS cold legs and operate

up to full RCS pressure, the gas pressure of the accumulators is approximately
4.8 MPa (700 psia), and the IRWST is at containment pressure and cannot drain

;

; into the RCS until the RCS pressure is reduced to less than approximately 0.07 1

MPa (10 psi) above containment pressure.

21.1.5 Unique Characteristics of the Passive Design

All active systems in the AP600, such as pumped normal residual heat removal

(NRHR), startup feedwater, and cheinical and volume control system (CVCS), and
including the diesel generators that provide onsite ac power, are classified

'

as non-safety-related components. The AP600 thus represents a significant
'

departure from both the current generation of operating reactors and the
" evolutionary" light water reactors (LWR) in its dependence on passive safety
systems.4

,

Although passive systems may be conceptually simpler than conventional activei

.A
j systems, they are potentially more susceptible to systems interactions that

can upset the balance of forces on which passive safety systems depend for
>

operation. In addition, with the exception of compressed-gas-driven
,

; accumulators, there is very little experience with these types of safety
j systems. The unique characteristics of these types of systems are explicitly

recognized in the regulations governing the evaluation of standard plant;

designs. In 10 CFR 52.47(b)(2)(1)(A), NRC states that, the followinga

requirements, among others, must be met for a plant that differs significantly
from those designs that are evolutionary changes form light water reactor

j designs of plants which have been licensed and in commercial operation before

!. the effective date of Part 52 or a plant that " utilizes simplified, inherent,
passive, or other innovative means to accomplish its safety functions":

(1) The performance of each safety feature of the design has been
demonstrated through either analysis, appropriate test programs,

: experience, or a combination thereof.

4

6
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(2) Interdependent effects among the safety features of the design have been
found acceptable by analysis, appropriate test programs, experience, or a
' combination thereof.

(3) Sufficient data exist on the safety features of the design to assess the
analytical tools used for safety analyses over a sufficient range of ;

normal operating' conditions, transient conditions, and specified accident
sequences, including equilibrium core conditions.

1

These requirements have been interpreted to require that a passive plant
vendor must develop and perform design certification test programs of

|
sufficient scope, including both separate-effects and integral-systems I

experiments, to provide data with which to assess the computer codes used to
analyze plant behavior over the range of conditions described in item 3 above.

To satisfy the requirements of 10 CFR 52.47(b)(2)(1)(A), Westinghouse has
developed test programs to investigate the passive reactor and containment
safety systems, including both component and phenomenological (separate-
effects) tests and integral-systems tests. In this chapter, the NRC staff
evaluates the capability of the AP600 test programs to satisfy regulatory
requirements. I

For systems-related testing, the staff required that Westinghouse submit, as a
minimum, the following material for each test program:

A test specification, describing the test facility, test objectives, and*

test matrix;

I

For those facilities testing scaled systems or components, a scaling*

report, demonstrating that the test facility met appropriate geometric
and thermal-hydraulic similarity criteria, and that the data would cover
a parametric phenomenological range comparable to that expected in the
AP600 plant;

A report or reports containing a record of data from all tests in the*

facility, an uncertainty / error evaluation of the test data, and analyses '
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_

,

i
'

;

of selected tests (as approved by the NRC staff) demonstrating an
!

-

| understanding of the sequence of events and key phenomena influencing l

system (or component) behavior.,

!

1
|The next section describes the major issues pertaining to passive safety '

! system performance which, in the staff's view, needed to be addressed in the
_ design certification testing programs. An overview of each of the test

programs is then presented, followed by a summary of the NRC's activities in,

| reviewing each of the test programs. The remainder of this chapter is devoted
j to individual evaluations of each program, a description and status of
j Westinghouse's code validation program, and the staff's determination as

regarding the compliance of the design certification test programs with the
; regulatory requirements described previously. Open items in each part of the

test program review are also noted, as appropriate.
.

;

! 21.2 1ssues of Concern
!
1

1 Most of the safety systems in the AP600 design represent new concepts in plant
| safety system design. As a result, there are numerous questions and issues

connected with the performance of these unique components and systems. These.

j issues range from relatively straightforward phenomenological questions to
; complex, system-related concerns. Major issues related to each safety system
'

are discussed below.
,

21.2.1 Core Makeup Tanks
i

The AP600 has two core makeup tanks (CMTs), each with a volume of about 56.6
i

l

m* (2000 ft*), which are initially filled completely with cold, borated water..

The tanks are connected by means of pressure balance lines (PBLs) to RCS cold
!

legs; this connection maintains the tanks at RCS pressure. In many transients
and accidents, after the CMT isolation valves open, the CMTs begin to !

recirculate, with the cold, borated water flowing into the RCS being replaced
by RCS water flowing up through the PBLs. When either RCS pressure or

i
inventory is reduced to the point at which vapor is introduced into the PBLs,

O
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the recirculatory loop is broken and the CMTs begin to drain into the RCS.
Specific issues related to CMT operation include the following:

recirculation and gravity drain behavior, including condensation during
*

recirculation and injection

thermal stratification in the CMTs
+

effects of system depressurization on CMT behavior
-

The thermal-hydraulic response of the CMTs also affects the ADS: the first
stage of the ADS is actuated by one of the two CMTs reaching a level
corresponding to 67.5-percent volume; the subsequent two stages then actuate
on timers, and the fourth stage actuates again on level, corresponding to
20-percent volume.

The reference design for the level detectors in the CMTs that produce the
actuation signals is a heated resistance temperature device (RTD), which is
supposed to discriminate between being covered by liquid and being surrounded
by vapor. The capability of this instrument to function properly, both in
terms of actuating the ADS when needed and keeping the ADS from actuating when
it is not required, is a key issue to be resolved by the test program.

21.2.2 Automatic Depressurization System

The ADS comprises four stages of depressurization valves. The first three
stages are connected to a piping network off the top of the pressurizer; the
fourth stage is connected to the RCS hot leg. The ADS is fully redundant;
there are two complete networks connected to the press::rizer and one
fourth-stage assembly on each hot leg. Each of the first three stages
consists of two valves in series, an " isolation" valve, which g ens first, and
a " control" valve, which opens shortly thereafter. Effluent from the RCS
travels through the pressurizer, exhausts into a pipe, and flows into the
IRWST through a sparger.

O
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Each fourth-stage assembly contains four valves, which are arranged as two
sets of two valves in series. The two valves in series are again designated
" isolation" and " control." Effluent from the fourth stage of ADS exhausts
directly into the containment. |

'

At the time the ADS design certification tests were performed, valve I

performance characteristics for each stage were specified in terms of such
i
'

parameters as throat area and effective resistance because the particular
valve type (e.g., gate, globe, squib) had not been specified. ,

In
Section 21.3.2, the staff discusses how the ADS test information will be used )

!

to develop ADS valve specifications for the actual ADS valves. The staff
notes that Revision 5 of the standard safety analysis report (SSAR) has
specified valve types for all four stages of ADS valves.

The following issues are important to ADS operation:

ADS valve performance and reliability (not examined in this evaluation)
;*

critical flow through the various components of the ADS network (valves,
*

pipes, spargers), including transition from critical to sub-critical flow

the effects of condensation in the IRWST on ADS system performance,
i*

including mechanical and thermal loading on the IRWST and submerged
mechanical components such as pipes,.spargers, and heat exchangers

the severity of IRWST vibration due to ADS system performance (not
*

examined in this evaluation)
j

21.2.3 Passive Residual Heat Removal System

!

The PRHR system consists of a C-shaped bundle of several hundred tubes. The jbundle is completely submerged in the IRWST. The PRHR system can cool the RCS
either by forced or natu~ral circulation in the event of a complete loss of
feedwater (main and startup) to the steam generators. The heat exchanger '

bundle is designed to remove about 2 percent of AP600 full power in natural
circulation, and about twice that amount in forced convection. Heat transfer
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on the inside (primary side) of the tubes is initially single-phase (liquid)
convection, although during some accidents, steam may also enter the tubes
after some time; heat transfer on the outside (IRWST side) of the tubes
is either single-phase natural convection (liquid) or boiling, depending on
the temperatures of the primary and IRWST sides. The main issues related to
PRHR system operation follow:

.

natural convection heat transfer in the tube bundle
*

heat transfer on the IRWST side of the tubes, especially in two-phase
*

flow, where critical heat flux and vapor blanketing of the tubes may be
of concern

!

mechanical loads on heat exchanger tubing and supports, including
*

consideration of potential steam hammer load caused by phase separation I

in tubes' primary side under accident conditions (not examined in this
evaluation)

.

21.2.4 Check Valves

The check valves in the AP600's safety systems are generally of conventional 1

|

design. At the CMT discharge, the check valves are installed so that they are !

" biased open"; that is, the disc's normal position, with no differential
pressure across the valve, is partly open. These components are not unique to I

the AP600; however, the conditions under which they will be operating in the
plant are substantially different from those in conventional plants. The
major issues pertaining to these valves follow:

I

operation with the very low differential pressures characteristic of*

natural circulation and gravity drain systems, especially the ability to
open on demand after long periods of being held closed by fluid at RCS
temperature, pressure, chemistry (not examined in this evaluation)

integrity of valve disc, especially at its supporting hinge, under
*

constantly flow-induced vibratory loads, which are ill defined at this

time (not examined in this evaluation)
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21.2.5 -Interdependency of Systems

In addition to component and safety system performance on a system-by-system
basis, there are systems interactions that must also be considered in the
AP600. The safety systems in the AP600 are highly interdependent in their
influence on plant response. For instance, in a small-break, loss-of-coolant-
accident (SBLOCA), low pressurizer level or pressure will most likely generate
a safety injection ("S") signal. CMT and PRHR discharge valves then open.
The RCS cooling by the CMT and PRHR influences the depressurization rate, CMT
recirculation and draining, and possibly accumulator injection. CMT level
then actuates the ADS, which proceeds to reduce plant pressure to near
containment pressure, ultimately allowing IRWST injection; the plant then
makes a transition into long-term recirculatory behavior that also involves
the PCS. Possible interactions may also occur if operators' actuate any non-
safety-related active systems to attempt to cope with accidents. The close
coupling between AP600 safety systems and the multiple flow paths that can
develop, especially with the small pressure differentials characteristic of
natural circulation flows, makes the AP600 an extremely complex system to

i analyze. It is, theFefore, necessary to understand integral-systems response
over the entire pressure range of the AP600, and to have data from such
experiments to test on a system-wide basis, as well as component and
phenomenological models developed from separate-effects tests.

21.2.6 Containment Performance

There are also critical issues with respect to the PCS and containment
performance that must be evaluated as part of the AP600 test program. The

AP600 steel containment is the path for ultimate long-term heat removal after
an accident. Steam released from a break, from boiling in the IRWST after
several hours' operation of the PRHR system, or from actuation of stage 4 of
the ADS, flows into the containment atmosphere to the inside wall of the
containment. When containment pressure increases sufficiently, discharge
valves open on a tank of water located above the top of the containment dome,
and water is sprayed on the dome and flows down its sides. Heat from the

- inside of the containment vaporizes the water, which is then carried off by
' natural convection of air upward along the outer surface of the containment.
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The air enters through ports near the top of the shield building and flows
downward in a downcomer formed by the shield building and a baffle; it then
flows ~ up along the containment in the space between the baffle and the dome,
exhausting to the environment at the top of the dome.

Key issues affecting PCS performance include the following:

condensation heat transfer in the presence of non-condensibles in the*

dome 1

condensate flow on the interior surface of the containmenta

cooling water distribution, flow, and evaporation on the outer surface of*

containment

the effect of wind on air flow into and out of the PCS !
*

21.2.7 Application of Existing Models and Correlations

iThere are also issues related to the application of existing models and '

correlations to the operating, transient, and accident conditions that can
exist in the AP600. '

i

21.2.7.1 Departure From Nucleate Boiling

A specific area of interest involves models for departure from nuclear boiling
(DNB). Most DNB correlations are developed for limited ranges of thermal-
hydraulic and geometric parameters, and AP600 conditions may extend beyond
those ranges. It is, therefore, necessary to develop data for thermal-
hydraulic and geometric ranges that encompass predicted AP600 conditions.

21.2.7.2 Shutdown Operations

An additional area of concern relates to shutdown operations in the AP600.
The test programs has focused on events occurring in conjunction with power
operations. No testing has been performed to deal specifically with the issue
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of shutdown events, and the staff must assess the capability of the testing
performed to address this issue. In the DSER, the staff stated that
Westinghouse must demonstrate that the AP600 analysis codes, as validated by
its testing program, can be relied upon to accurately represent shutdown
conditions in the AP600. At the time this supplement was prepared, the staff
had not received any submittals from Westinghouse on shutdown event concerns.

The applicability of test data to shutdown event concerns and analysis remains
unresolved as previously identified in DSER Open Item 21.2.7.2-1.

21.2.8 Summary

With the exception of shutdown operations, each of the major areas described

above has been addressed by testing in one or more experimental facilities, :
1

with the objectives of resolving the key issues and complying with the I

requirements of 10 CFR 52.47(b)(2)(1)(A). In Section 21.3, the staff
describes each of the major AP600 test programs.

1

21.3 Overview of Westinahouse Testino Proarams,

b
Westinghouse developed a design certification test program utilizing both
separate-effects and integral-systems facilities co investigate the behavior
of the AP600 passive safety systems and to develop a database for the
validation of the computer codes used to perform the transient and accident
analyses presented in the SSAR. The test programs can be broadly

j
characterized as programs that are related to reactor systems, programs that I
are related to containment systems, and component testing.

Each test program is described briefly in this section. The staff's detailed !
evaluation of each program is given in Section 21.5 of this supplement.

!
21.3.1 Core Makeup Tank Test Program l

The core makeup tank (CMT) test program was a separate-effects test program
developed to characterize the CMT over the range of conditions that it will

experience in the plant, in particular, the effect of recirculation, draining,
and plant depressurization on CMT behavior. Tests were performed at the

9
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facility located at Westinghouse's Waltz Mill site, near Madison,
jPennsylvania. The test article was approximately 3.0 m (10 ft) in height and

0.49 m (1.6 ft) in diameter. Compared to the actual AP600 component, the test
article was 1/2 the height and 1/7.77 the diameter. The reactor vessel was
simulated by a steam / water reservoir (SWR). The CMT test article was
connected to the SWR by a pipe simulating the cold-leg /CMT pressure balance

line (PBL), which came directly off the SWR, and by a drain line, simulating
the direct vessel injection (DVI) line. The reactor coolant system cold leg

j

was not represented in this facility. A steam distributor of a design similar
to that proposed for the AP600 was installed in the upper head of the test
article at the PBL nozzle.

The CMT test facility was capable of operating up to approximately 17.2 MPa
(2500 psia) and 627 *K (668 *F). Data acquisition was accc<.plished using a
personal computer (PC)-based data acquisition system (DAS). The facility was
instrumented with:

thermocouples, including those to obtain concentrated measurements of CMT
*

fluid and wall temperatures
{
|

pressure transducers, including differential pressure transducers to*

measure CMT level

flowmetersa

In addition, four of the prototypical heated resistance temperature detectors
(RTDs) for level (steam-water interface) detection, of the design proposed by
Westinghouse for use in the AP600 for automatic depressurization system
actuation, were installed in the test article, and an objective of the test
program was to investigate the response to changes in CMT level.

The CMT test facility design and instrumentation were originally described to
the staff in meeting presentations in 1990. The test facility design and
instrumentation are described in WCAP-13345 Revision 3 ("AP600 Core Makeup

Tank Test Specification") and in WCAP-14132 (" Facility Description Report for
AP600 CMT Test Program"). A preliminary test matrix is included in the test
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.

_ _ _ _ _ _ - _ _ _ - _ _ _ _ _ . _ _ _ _ _ _ ___m__--_ __



_ _ _ _ _. - - _ _ _ _ _ _ ____ _ _ . _ = _ _ _ _ _ . _ _ . _ _ _ _ _ _ _

specification. The staff began its review of the CMT test program in 1991,
and provided numerous comments to Westinghouse regarding facility design and
instrumentation and the test matrix. Additional comments were made by the
Advisory Committee on Reactor Safeguards (ACRS). The facility design evolved
considerably from its initial configuration and, in fact, continued to change -

even after the beginning of testing, to address specific technical issues and
to conform to changes in the AP600 design affecting CMT design and operation.
In virtually every case, Westinghouse incorporated changes to the facility
design, instrumentation, and test matrix to respond to staff and ACRS
comments.

Westinghouse documented its scaling analysis of the CMT facility in
WCAP-13963, Revision 0 (" Scaling Logic for the Core Makeup Tank Test"). The
staff and the ACRS provided comments on this scaling analysis to Westinghouse,
and the staff issued RAI 440.52, which indicated in general that WCAP-13963,
Rev. O, did not provide sufficient information on the scaling of the CMT test
facility, and discussed several specific technical issues. Satisfactory
resolution of these concerns was identified as DSER Open Item 21.3.1-1.
Westinghouse responded to RAI 440.52, discussing the technical issues, and, in
addition, committing to issue a revised version of WCAP-13963 to address more
comprehensively the staff's and ACRS's concerns. The revised scaling report,

' WCAP-13963, Rev. 1, was issued in January 1995. The staff has reviewed
WCAP-13963, Rev.1, and concludes that the additional information demonstrated

the acceptability of the CMT test facility scaling logic, meeting the-

requirements described in Section 21.1.5. Therefore, DSER Open Item 21.3.1-1
is now closed. However as discussed on Section 21.5.1 of this supplement,
Westinghouse needs to submit an integrated scaling closure report, which has
identified as SDSER Open Item 21.5.10.1-1.

The CMT test program began with cold preoperational tests in May 1993. The

: program proceeded though several series of tests and was completed in
September 1994. The staff identified submittal of all remaining CMT test
program documentation as DSER Open Item 21.3.1-2. Westinghouse has submitted

quick-look reports (QLRs) documenting cold and hot preoperational tests and
each series of matrix tests. Westinghouse also submitted the CMT test program
final data report (WCAP-14217) and test analysis report (WCAP-14215) in
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i

November 1994 and December 1994, respectively. All CMT test program
documentation has been submitted. Therefore, DSER Open Item 21.3.1-2 is
closed.

;

21.3.2 Automatic Depressurization System Test Program

The automatic depressurization system test program was a separate-effects test
program consisting of two phases, with somewhat different objectives. The

first part, Phase A, was an investigation of steam flow through a prototypical
AP600 ADS sparger, into a large, water-filled tank representing the in-

. containment water storage tank (IRWST). Parameters of interest were
i

sparger flow and pressure drope

tank thermal-hydraulic and structural response, including condensation,
*

'

thermal stratification, and condensation-induced pressure loads on the
tank walls

The second part, Phase B1, was a test of the thermal-hydraulic behavior of the
ADS piping network that ex'. ends from the pressurizer into the IRWST. Tests
were performed at the facility, called "VAPORE," located at the Contral,

Research Establishment of ENEA (the Italian Energy Agency) at Casaccia,
outside of Rome, Italy. The Phase B1 tests were identified as Phase B tests
in the DSER.-

;

For Phase A, the actual test article was only the AP600 sparger, installed in
! the large water tank. Flow, either saturated steam, saturated water, or a
; mixture, was supplied to the sparger from a large pressurizer.
1

The test facility was modified extensively for Phase Bl. The pressurizer, the
large water tank, and the sparger were retained, and a piping network
representing one complete group of ADS valves (stages 1, 2, and 3, with two
valves in series per stage) was added. One ADS valve in each stage was
represented by an actual valve. The other valve in each stage was represented

i

by a spool piece containing orifices or nozzles to simulate the range of
throat areas and loss characteristics of various potential valve designs.

,

AP600 SDSER 21-14



;

Exhaust piping leads from the ADS piping network to the same tank and sparger
assembly used in Phase A.

In Phase A, the sparger pedestal from the floor of the tank was not entirely
prototypic with respect to the AP600, while in Phase B1, an actual AP600-

design pedestal was used. The ADS piping, the valves and simulated valves,
and the sparger were full-size components, and could operate up to full AP600
pressure. The facility was instrumented with:

flowmeters*

pressure transducers*

thermocouples, including rakes in the simulated IRWST to measurea

stratification

Instrumentation to measure pressure loads and tank response in the IRWST were
included. Data acquisition was accomplished using a computer-controlled DAS.m

The ADS facility and test program were first described to the staff in 1990.
The program underwent several modifications since then, partly as a result of |
ADS design and logic changes, and also because the objectives of the test '

program changed from those of a combined thermal-hydraulic and valve

performance test to those of a thermal-hydraulic test only. The ADS test
program is described in WCAP-13342 ("AP600 Automatic Depressurization System
Test") and the Phase A facility configuration is described in WCAP-14149
("VAPORE Facility Description Report, AP600 Automatic Depressurization System
Phase A Test"). The staff identified submittal of the ADS phase B1 facility
description report as DSER Open Item 21.3.2-1. The Phase B1 facility
description (WCAP-14303) was submitted in March 1995. Therefore, DSER Open

|

Item 21.3.2-1 is closed. '

The staff began its review of the ADS test program in 1991 and provided
comments to Westinghouse regarding facility design, instrumentation, and the
test matrix. Additional comments were made by the ACRS. As noted previously,
the Phase B1 test configuration and test objectives changed substantially

I
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since 1990, which has also affected the staff's scope of review. Westinghouse

responded to the staff's comments and either justified its design approach or
incoiporated changes to the facility design, instrumentation, and test matrix
to respond to staff (and ACRS) comments.

Since the VAPORE facility incorporated full-scale components, a formal scaling
report was not required for this test program. However, Westinghouse has
committed to provide a " road map" to demonstrate how the information from this

test program will be used as a basis for further development and testing of
the actual ADS valves. This was identified as DSER Open Item 21.3.2-2. This
item requires the information to be submitted by Westinghouse, and the staff's
review thereof. This open item remains open.

Phase A of the ADS test program began in June 1992 and concluded in
December 1992. The Phase A program and selected test data are described in
WCAP-13891 ("AP600 Automatic Depressurization System Phase A Test Data
Report").

Phase B1 of the ADS test program began in July 1994 and was completed in
November 1994. Westinghouse documented the tests initially in QLRs. The i

final data report (WCAP-14234) was issued in April 1995, and the test analysis
report (WCAP-14305) was submitted in June 1995. 1etails of the status of the
staff's evaluation and remaining open items are scussed in Section 21.5.2.

21.3.3 Passive Residual Heat Removal System Test Program

The objective of the PRHR separate-effects test program was to generate data
on heat transfer to be used in the design and characterization of the PRHR
heat exchanger in the AP600. The test facility was located at Westinghouse's
Science and Technology Center near Pittsburgh, Pennsylvania. The test article
consisted of three vertical (straight) type 304 stainless steel tubes,
approximately 5.49 m (18 ft) in length, with an outer diameter of 19.0 mm

(0.75 in.) and wall thickness of 1.69 mm (0.0665 in.). The tubes were placed
in a water tank approximately 1.2 m (4 ft) in diameter and 9.8 m (32 ft) tall,
with a nominal water depth inside the tank of about 7.3 m (24 ft) (this depth
was varied as a test parameter). The tubes were placed in a straight line
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near a wall of the tank, with a center-to-center spacing of 38.1 mm (1.5 in.).
A baffle was placed near the tubes, almost the same height as the tank, to
limit natural convection flow around the tubes.

The tube dimensions and spacing were characteristic of the PRHR system design
as of about 1989, when the first series of tests was performed; however, the
heat exchanger design changed significantly in 1992, as will be explained
below.

The PRHR facility could operate with primary (tube side) conditions up to full
AP600 pressure and temperature; the tank-side conditions were initially
ambient, since the tank was outside. However, the tank temperature could be
varied by operating the heat exchanger tubes before the test to establish
desired initial conditions. The facility was instrumented primarily with

,

thermocouples to measure local temperatures and to determine heat transfer
coefficients. Flow to each tube could also be measured.

Testing was conducted in two phases for the PRHR test program: Phase 1 in
1989 and Phase 2 in 1990. However, the facility design and basic objectives
of the two test series.were essentially identical; the main purpose of the
second phase was to extend the range of conditions over which PRHR heat
transfer was measured, to aid in the development of heat transfer
correlations.

Westinghouse described the test program in two reports: WCAP-12980 ("AP600
Passive Residual Heat Removal Heat Exchanger Test Final Report") and
WCAP-13368 (" Passive RHR Heat Exchanger Test Extension"). These reports
contain full descriptions of the test facility, instrumentation, data
collection procedures, and test matrices, as well as selected data. Since the
heat exchanger tubes were nominally full length, no scaling report was
submitted on this test facility.

The staff began its review of the PRHR test program in 1991. After testing as
completed, Westinghouse changed the PRHR heat exchanger (PRHRHX) design from
straight vertical tubes to vertical C-shaped tubes. The initial focus of the
review was on the applicability of the three-tube test data to a full-size

>
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heat exchanger. This issue has increased in importance since the heat
exchanger design changed in 1992. The staff issued RAIs requesting
Westinghouse to provide detailed justification on the applicability of the
straight-tube PRHRHX test data to the new C-tube configuration. This was
identified as DSER Open Item 21.3.3-1. Although Westinghouse responded to the
staff's RAIs, further review by the staff raised additional technical
concerns. Westinghouse has committed to revise the PRHR test report to

;

address data applicability. Consequently, DSER Open Item 21.3.3-1 on the
applicability of PRHR test data to the proposed design remains unresolved.
The staff's evaluation and remaining open items are discussed in
Section 21.5.3.

|

21.3.4 Departure From Nucleate Boiling Test Program

The DNB separate-effects test program differs from those described above in

that it was not directly related to the performance of a passive safety
system. Rather, the objective of this program was to acquire data on DNB in
fuel rod bundles over the flow range relevant to the AP600 during transients.
Data from these tests will be used to extend the range of the correlations
used to predict DNB in Westinghouse's reactor system computer codes. The DNB

test program was carried out during 1993 and 1994 in the Heat Transfer

Research Facility (HTRF) of Columbia University (CU), in New York City.
Similar tests have been performed at this facility for other reactor and fuel
designs. Steady-state DNB tests were performed on three fuel bundles, repre-
senting Westinghouse's reference fuel design for the AP600.

Westinghouse conducted these critical heat flux (CHF) tests at the Columbia
University HTRF. A total of 372 data points were collected from four
configurations of 5 X 5 rodded test bundles. The data collected pertained to
inlet pressure, inlet mass velocity, inlet temperature, average bundle heat
flux, and identification of the thermocouples for reference.

The four configurations tested differed with respect to cell type, use of
intermediate flow mixers (IFMs), and grid rotation. Each configuration
consisted of electrically heated rods arranged in a 5 X 5 rectangular array.
Rod spacing was maintained by Zircaloy mixing vane grids, IFNs, and/or simple
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support grids. Each array was encased in a ceramic-lined shroud box that was
positioned within the pressure boundary of the test section housing. In
operation,.the flow entered the test section housing near the bottom and then
traveled vertically upward. The rod inner diameters were tapered to produce a
nonuniform (cosine) axial flux distribution and a representative radial power
distribution.

In the DSER, the staff stated that it had not completed its review of the DN8
test program and identified this as DSER Open Item 21.3.4-1. The staff has
now reviewed the DNB test program documentation for the AP600 reference case

VANTAGE 5-H fuel assemblies as discussed is Section 21.5.4. Therefore, DSER
Open Item 21.3.4-1 is closed.

21.3.5 Oregon State University Advanced Plant Experiment Test Program

The Oregon State University (OSU) Advanced Plant Experiment (APEX) test

program was one of two major integral test programs conducted by Westinghouse
for AP600 design certification. The objective of the test program was to
obtain integral-systems data for the validation of computer codes used for
AP600 safety analyses. Tests were performed at the facility located on the
OSU campus in Corvallis, Oregon.

APEX was a low-pressure,1/4-height representation of the AP600, including the
RCS and related components and all safety systems in direct communication with
the primary system. Although containment cooling systems were not

represented, the containment sump was simulated by two tanks representing the
primary and secondary sumps. The primary sump tank simulated sump volumes

from which fluid could be recirculated back to the RCS during the long-term
cooling phase of a LOCA, and was connected to direct vessel injection (DVI)
lines. The secondary sump tank simulated volumes from which fluid could not

be recirculated back to the RCS; fluid that entered the secondary sump was
unrecoverable for long-term cooling. The volume scale of the facility was
1/192. The layout of the facility was essentially the same as that of the
AP600, with two cold legs and one hot leg per loop and vertically mounted
reactor coolant pumps with no loop seals. In addition to the safety injection

b systems (CMTs, accumulators, and IRWST) and the four-stage ADS, the PRHRV
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system was simulated by a scaled heat exchanger bundle in the IRWST. The
facility was extensively instrumented, with over 700 thermocouples,
flowmeters, pressure transducers, and void detectors. Data were collected
using three linked PCs that could record data and display real-time plots of
selected channels.

,

!
!

Westinghouse documented the loop design and test program specifications in
WCAP-14124 ("AP600 Low Pressure Integral Systems Test at Oregon State

University - Facility Description Report") and WCAP 13234, Revision 1 ("Long
Term Cooling Test"), respectively. The staff identified submittal of the
final scaling report as DSER Open Item 21.3.5-1. An extensive scaling
analysis was performed for the APEX facility and documented in WCAP-14270

(" Scaling Analysis for the OSU Integral System and Long Term Cooling Test
Facility"), which was submitted in January 1995. The final report resolved a
number of questions and comments on the draft scaling report; however, the
staff has issued several RAls on the final report, which have not yet been
addressed by Westinghouse. The staff's review of the final scaling report
cannot be completed until the remaining RAI responses are received and I

reviewed. Therefore, DSER Open Item 21.3.5-1 remains open. This subject is
discussed further in Section 21.5.5.

Cold preoperational testing began in January 1994; the matrix tests began in
May 1994 and ended in August 1994. An additional series of tests beyond those
in the original test matrix was performed in August and September 1994. Most
of the matrix tests run in the APEX facility simulated design-basis accidents
for the AP600, primarily small-break loss-of-coolant accidents (SBLOCAs) of
various sizes and at different locations in the RCS.

Staff review of the OSU APEX program began in 1991 and evolved as the test

facility design and experimental program grew in complexity and scope. The

staff provided its evaluation of the test facility design, instrumentation,
and test matrix to Westinghouse and made several comments about recommended
changes in these aspects of the test program. Westinghouse was responsive in
incorporating staff recommendations into the facility and the test matrix.
Additionally, Westinghouse made changes in the APEX facility to incorporate
changes in the AP600 design.
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The staff identified submittal of all OSU APEX test documentation as DSER Open
'

Item 21.3.5-2. All QLRs for the cold preoperational, hot preoperational, hot
j functional, and matrix tests were provided to the staff. Westinghouse

|
submitted the OSU test program final data report (WCAP-14252) in May 1995 and

| the complete test analysis report (WCAP-14292, Rev.1) for the program in
| September 1995. All OSU APEX test documentation has been submitted.

However, the staff is still reviewing the data and analysis for the test,

program. The staff's evaluation and specific technical issues are discussed
in Section 21.5.5. Therefore, DSER Open Item 21.3.5-2 remains open.

i

! 21.3.6 SPES-2 High-Pressure, Full-Height Integral-Systems Test Program
?
I

j The SPES-2 test program was the second integral-systems test program performed
] for design certification of the AP600. The objective of this test program was
i

similar to that of the OSU APEX program: acquisition'of integral-systems data
i for the validation of computer codes used to perform AP600 safety analyses.

Unlike the APEX facility, however, SPES-2 could operate at pressures and
temperatures up to prototypic AP600 values and was approximately full vertical I

,

scale. Tests were performed at the facility located at the Societa'
-

Informazioni Esperienze Termoidrauliche (SIET) laboratories in Piacenza,
Italy.

1 SPES-2 was a full-height representation of the AP600. The volume scale was
: approximately 1/395. However, SPES was not designed from the beginning as an
i AP600 test facility; rather, SPES-2 was a modification of the existing SPES-1

facility, which represented a 1/427-volume-scale Westinghouse three-loop
pressurized water reactor (PWR). As a result, some distortions and
atypicalities existed in SPES-2 compared to the AP600 design. The most
significant of these were

,

,

SPES-2 had only one pump per loop, rather than the two pumps per loop ofa

the AP600, so that outlet flow from (or through) the pump had to be split
; between the two cold legs.

SPES-2 had an external piped downcomer, rather than an annular downcomer.*.

The design was modified, however, so that there was an annular section at
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the top of the simulated reactor vessel, which then fed into the piped
downcomer below the elevation of the DVI lines.

All AP600 safety systems were represented, includir.g CMTs, accumulators IRWST

injection, four-stage ADS, and the PRHR system, which was simulated by three
C-tubes in the IRWST tank. Sump injection was not simulated in the SPES-2

loop. The facility contained over 300 instruments, including thermocouples, i

flowmeters, pressure transducers, and void instrumentation. Data were
collected using a computer-controlled data acquisition system.

Westinghouse, with the aid of SIET, has documented the SPES-2 test program in !
several reports, including WCAP-13277 (" Scaling, Design, and Verification of
SPES-2, the Italian Experimental Facility Simulator of the AP600 Plant");
WCAP-13277, Revision 1 (" Scaling, Design, and Verification of SFES-2, the !

Italian Experimental [ sic] of the AP600; Scaling Update"); WCAP-14053 ("AP600
FHFP Integral Systems Test Specification"); and WCAP-14073 ("SPES-2 Facility '

Description"). Several other documents th + include instrumentation
descriptions and design drawings were also provided by Westinghouse to assist
in the staff review of the SPES-2 program.

|

Staff review of the SPES-2 test program is somewhat different from its review
of other AP600 design certification tests. The SPES-2 program was not part of
the original AP600 test program. When the staff began the review of the AP600
test progr4ms in 1991, it came to the conclusion that the proposed integral-
systems testing in the OSU test facility was not sufficient for the AP600
design. The staff therefore proposed, in SECY-92-030 (" Integral System
Testing Requirements for Westinghouse's AP600 Plant," January 27,1992),that
Westinghouse be required to perform high-pressure, full-height integral-
systems tests as part of the AP600 design certification test program. In
response to the staff's recommendation, Westinghouse proposed to modify the
SPES-1 loop at SIET. The staff therefore reviewed the development of the
modified facility design and the test program from their initial stages and
provided extensive comments on all aspects of the facility and testing.

Westinghouse was generally responsive in accommodating the staff's
recommendations as the SPES-2 program developed. In addition, Westinghouse
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made changes in the facility design to incorporate changes in the AP600 plant
design; the latest of these changes came after matrix testing had begun and
the rerunning of one matrix test. The staff also reviewed the scaling
analysis of the SPES-2 facility given in the above-referenced documents.

Cold preoperational testing in the SPES-2 facility began in May 1993; matrix
testing began in February 1994 and was completed in October 1994. The staff

; identified submittal of remaining documentation, including the final test
'

report, for the SPES-2 program as DSER Open Item 21.3.6-1. QLRs have been
submitted on the cold and hot preoperational test programs and on all of the
matrix tests. Westinghouse submitted the final data report (WCAP-14309,

"

Rev.1) for the SPES-2 program in July 1995 and the test analysis report I
(WCAP-14254) was submitted in May 1995. Pre-test predictions of the SPES-2
tests were also performed by Ansaldo for Westinghouse. However, these

.

predictions were performed with the RELAP5/M003 computer code, rather than

with any of the codes that Westinghouse plans to qualify for design '

certification analyses. All test program documentation for the SPES-2 program
has been submitted. Therefore, DSER Open Item 21.3.6-1 is closed.

|O4

21.3.7 Wind Tunnel Test Program

One of the principal design objectives for the PCS is that external wind
conditions not resist the buoyant air flow in the annular region between the
containment vessel and the baffle wall. Counterflow in this region could
diminish the natural convective cooling that constitutes a portion of the
total heat removal from the postaccident containment atmosphere. The
containment can be characterized as either wind-neutral, wind-positive, or
wind-negative depending on whether external winds have no effect, assist, or
hinder, respectively, buoyant flow in the annulus. To better understand the
effects of adverse weatFer conditions, severe terrain, adjacent structures,
and variations in building design on the air flow within the annulus,
Westinghouse conducted a series of wind tunnel tests on scale models of the
AP600 containment.

,

|

0
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The wind tunnel tests consisted of four phases,1, 2, 4A, and 4B (there were
no Phase 3 tests), each with the following objectives:

Phase 1 - To determine the effect of external winds and external struc-
*

tures on the flow around the containment and in the annulus, and to
| determine any modifications to the design necessary for better wind
|

| neutrality. '

'
1

1

Phase 2 - To determine the flow induced loads on the baffle wall separat-
*

ing the shield building and the containment building, and to investigate
the effects of a cooling tower and various chimney designs on flow within
the annulus.,

Phase 4A -To study the sensitivity of the tests to the wind tunnel*

Reynolds number, to further examine the effects of the hyperbolic cooling
I

tower on flow in the annulus, and to examine the effects of a tornado
velocity profile on flow in the annulus,

i

Phase 4B - To examine the effects of severe terrain on flow in the
*

I

annulus and on baffle wall loading.

As of March 1,1996, final data for all test phases had been submitted via

WCAP-13294 (" Phase 1 Wind Tunnel Testing for the Westinghouse AP600 Reactor"),
WCAP-13323 (" Phase II Wind Tunnel Testing for the Westinghouse AP600

Reactor"), WCAP-14068 (" Phase IVa Wind Tunnel Testing for the Westinghouse
AP600 Reactor"), and WCAP-14091 (" Phase IVb Wind Tunnel Testing for the
Westinghouse AP600 Reactor"). An analysis of the test data was submitted in
Westinghouse Report PCS-T2C-059 ("Analysi.s of AP600 Wind Tunnel Testing for
PCS Heat Removal").

.

| 21.3.7.1 Test Models - Phases 1 and 2

For the Phase 1 tests, a 1:96.67 scale model of the containment shield

building and surrounding structures, including the turbine building and a
hyperbolic cooling tower, was used. The complete model assembly was located

i

|

AP600 SDSER 21-24

_



_ _ _ _ . . _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ . _ . _

=

i

on a turntable which allowed different wind directions to be simulated. The
height of the turbine building was adjustable.

;

For the Phase 2 tests, the same model as that for Phase I was used, with the
exception of the following two modifications: '

(1) The flow path between the shield building and containment vessel was
modeled by including the baffle wall.

(2) A second chimney design was investigated (in addition to the design used
in Phase 1).

For both tests, the flow in the wind tunnel was representative of that of a
turbulent boundary layer and corresponded to American National Standard
Institute (ANSI) A58.1 exposure category C, as documented in WCAP-13323

(" Phase II Wind Tunnel Testing for the Westinghouse AP600 Reactor"). This
exposure category is typical of open terrain with scattered obstructions of
heights generally less than 9.14 m (30 ft), and includes terrains such as flat
regions, open country regions, and grasslands (ANSI A58.1-1982, pp. 12-16)

21.3.7.2 Test Matrix - Phases 1 and 2
.

Phase 1 tests were conducted to determine the optimal inlet vent configuration
(for a wind-positive or wind-neutral design) and to investigate the effects of
the turbine building, cooling tower, and chimney height on flow in the
annulus. The effects of a chimney cap and deaerator were also examined. To
characterize the flow, the pressure was measured at selected circumferential
locations at the inlet to the annulus end at the outlet of the chimney, and a
pressure difference was calculated. This pressure difference, which
represents the driving force for wind-induced flow, was expressed as a
dimensionless pressure coefficient in the test reports.

In the Phase 2 tests, baffle-wall loads were determined by measuring the
differential pressure across the baffle. As in the Phase 1 tests, the inlet-
minus-chimney pressure difference was determined. Flow visualization studies
were also performed to determine the flow characteristics in the annulus.
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The Phase 1 test report presented data in the form of pressure coefficients
versus various inlet vent configurations, adjacent building configurations,
and wind directions. Data presented from the Phase 2 tests consisted of plots
of pressure coefficients versus wind direction for various chimney / top

I configurations. Note that for all test phases, wind angles of attack varied

from 0* to 360*. Table 21.1 summarizes the test matrix for Phases 1 and 2.
1

Table 21.1 Wind Tunnel Tests Phases 1 and 2 Matrix
,

Test Configuration Phase 1 Phase 2,

Turbine building elevation varied Yes No

Effect of cooling tower tested Yes Yes
Chimney height varied Yes No

Chimney cap and deaerator tested Yes No

Different chimney designs tested No Yes
| Inlet-chimney AP measured Yes Yes

Baffle AP measured No Yes
J

O
21.3.7.3 Test Models - Phases 4A and 48

The Phase 4A tests comprised three subtests to address tornado wind loading,
the effect of a cooling tower, and the sensitivity of Phase 1 and 2 test
results to the wind tunnel Reynolds number. Various combinations of models
and wind tunnels were used for each subtest.

Tornado Wind Loadinas - Phase 4A

The model used in the Phase 4A tests to study tornado wind loadings was the
same 1:96.67 model used in the Phase 1 and 2 tests. The tests were performed
at the University of Western Ontario (UWO) boundary layer wind tunnel. Model

modifications for the Phase 4A tests involved the addition of additional
l circumferential rings of pressure taps at the following locations:

the ex'~ior of the main building at two-thirds the height of the inlets=

the main building exterior just below the inletse
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directly inside the inlet manifold*

on the exterior halfway up the chimney*

at the top of the containment annulus*

Effects of the Coolina Tower - Phase 4A

The same 1:96.67 model was used to investigate the effects of the cooling
tower. However, these tests were conducted in the National Research Council

of Canada's 9.14 m x 9.14 m (30 ft x 30 ft) wind tunnel in Ottawa.

Effects of Hiah Reynolds Number - Phase 4A

A 1:30 scale model was chosen with the aim of achieving the highest Reynolds
number possible to study the effects of a high Reynolds number on the results.
The model was not capable of being rotated and did not include internal flow
paths. The tests were performed at the National Research Council of Canada's

9.14 m x 9.14 m (30 ft x 30 ft) wind tunnel in Ottawa.

Effect of Severe Terrain - Phase 4B

For the Phase 4B tests, a 1:800 scale model of the containment and surrounding
buildings was used. This scaling was chosen to allow a large area of terrain
to be included in the proximity of the plant. The complete assembly was
placed on a turntable and could be rotated to investigate the effect of
different wind direction.

For both of the wind tunnels, a scaled boundary layer wind profile correspond-
ing to ANSI Standard A58.1 exposure category C, as in the Phase 1 and 2 tests,
was used.

21.3.7.4 Test Matrix - Phase 4A

The tests conducted at the UWO facility represent the most complete set of

data of all the Phase 4A tests. Data taken from Phase 4A tests conducted at '

the National Research Council of Canada facility were obtained primarily tobv
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address concerns about the UWO data regarding Reynolds number scaling and to

determine if any adjustments to prior tests in Phases 1 and 2 were necessary.

Data collected in all of the Phase 4A tests included air inlet and outlet
pressure measurements and the pressure difference across the baffle wall. For
the Phase 4A 1:96.67 scale tests at UW0, data were taken for a full range of
wind speeds and azimuths, including those representative of tornado '

conditions, to help determine the design-basis loading of the baffle wall. I,

The Phase 4A 1:30 scale tests were conducted over a range of wind speeds, up
to the maximum attainable in the wind tunnel. Table 21.2 summarizes the Phase
4A test matrix.

Table 21.2 Wind Tunnel Test - Phase 4A matrix
|

1:96.67, National 1:96.67, Univ. of 1:30, National
Configuration / Research Council Western Ontario Research Council

Effects Modeled of Canada of Canada |
Surroundings Yes Yes No

Cooling tower Yes No No

Chimney Opened / closed / Closed / smooth / Closed / smooth /
roughened / smooth roughened roughened

,

No. of Azimuths 2 full 360* 1

No. of speeds 3 1 6

Tornado No Yes No

21.3.7.5 Test Matrix - Phase 48

The Phase 4B tests measured pressures around the throat and in the wake of
the cooling tower to examine the effects of severe terrain on flow in the
annulus and around the containment building. Wind speeds in the wake of the
cooling tower were also measured. The wake characteristics used to determine
the placement of the cooling tower for the Phase 4B tests were taken during
the Phase 4A tests.

O
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Tests were performed using the following configurations:

the base case, which consisted of a complete AP600 plant model and one*

cooling tower

!

the base case with two cooling towers*

the base case with an escarpment nearbya

|
the base case with an escarpment and mountain backdrop I

*

a river valley with the mountain backdrop, another mountain on the othere

y side of the shield building, and with the escarpment filled in
J
1

$ a river valley with two cooling towers*

4

21.3.7.6 Scaling Validation Tests
:

! WCAP-13294 presents the results of validation tests that were run to show that
i D' the aerodynamics in the range from the model to full scale were not
j significantly affected by changes in the'Reynolds number (Re). For a given

fluid viscosity, density, and characteristic length, changes in Re are
produced by changes in the flow speed, which affects where flow separation
occurs and thus affects the pressure on the structure. These tests were
considered necessary because strict dynamic similarity between the model and

the AP600 necessitates wind tunnel speeds at which compressible flow phenomena

become important, adding considerable complexity to the problem of modeling
the flow around the model. To remove the necessity of matching the Reynolds
number, the flow separation points in the full and model scales were matched
by roughening the model surface. The goal was to show that the pressure
. variation versus wind speed was considerably less for a roughened model
surface than for a " smooth" model surface, and, therefore, for the roughened
model, that the pressure was not significantly affected by changes in Re (i.e.

! in flow speed). The amount of surface roughening was found by determining a
relative roughness for the model from knowledge of the full-scale Reynolds

'

number.
V
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Results from the tests of the smooth and roughened models showed that the

!,

pressure varied with wind speed 10 percent to 30 percent less for the
{

roughened model, with fluctuations in pressure of less than 12 percent. This |

was interpreted in the test report as an indication that varying the Reynolds
number has a significant effect on pressure and consequently, roughening was

3necessary to minimize this effect. Westinghouse further concluded that only !
chimney roughening was necessary, and any residual effects due to the changes |
in flow speed would amount to a maximum of 20 percent of the pressure !
fluctuations. The phase 4A tests were conducted to assess definitively the

j

effects of Re on the test results (WCAP-14068).

In WCAP-13323, Westinghouse outlined its approach for scaling the wind tunnel !

test data to the actual AP600. In it, dynamic pressures scaled to the height
;

of the AP600 inlet vents were used to determine design loads for a number of '

design wind speed cases. Sample calculations were provided. The various wind
speed cases covered were the following- !

!

fastest mile wind speed in accordance with ANSI Standard A58.1 exposure
*

Category C

fastest mile wind speed in accordance with ANSI Standard A58.1 exposure
*

Category D (less gusty than exposure Category C)

proba'le maximum hurricane speed* u

tornado speeds*

Flow losses in the model annulus were modeled by matching loss coefficients in
the model at various points in the flow path with losses representative of an
AP600. Since no fullscale test data were available to determine the AP600
loss coefficients, coefficients determined from tests conducted with a
1/6-scale,14* sector model were used.

O
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21.3.8 Large-Scale Passive Containment Cooling System Test ProgramO |
The purpose of the PCS large scale test (LST) program was to investigate j
anticipated thermal-hydraulic phenomena in a large-scale facility. As stated !

in WCAP-14135 (" Final Data Report for PCS Large-Scale Tests, Phase 2 and
Phase 3") dated July 1994:

|
i

The purpose of the passive containment cooling system (PCS) heat
|

transfer test was to examine anticipated thermal-hydraulic phenomena i
on a large scale: the interior natural convection and steam
condensation the exterior water film evaporation, air cooling heat
removal, and water film behavior. This experiment is designed to

;
induce similar containment dome heat transfer processes and
circulation / stratification patterns inside containment as in the
AP600; however it is not meant to simulate specific AP600 accident
scenarios. The large scale test data is used to validate the
WCOTHIC computer code, which will be used to analyze the AP600
containment.OV 21.3.8.1 Test Facility

The LST facility is located at the Westinghouse Science and Technology Center
in Churchill, Pennsylvania. The vessel used in all test phases was a 1/8-

' linear-scale version of the actual AP600 containment vessel constructed of
steel, with a height of approximately 6.09 m (20 ft), a diameter of 4.57 m
(15 ft), and a shell-wall thickness of 2.2 cm (0.875 in.).

!
A transparent Plexiglas shell surrounded the containment vessel to form a 7.6-
cm (3-in.) annular flowpath. Air entered the annulus at an elevation near the
simulated operating deck level. An axial fan was mounted at the exit of the

l annulus to provide convective cooling in the riser. For the Phase 2 and 3
tests, the axial fan speed was set to a predetermined value to establish an
air flow rate in the LST riser section typical of that expected in the
prototypical AP600. The downcomer portion of the AP600 PCS was not modeled in |

; the LST. The lack of a downcomer region is a concern to the staff, and is
; further addressed in Section 21.5.8 of this supplement.

AP600 SDSER 21-31

.-_ _ _ _ -. -. _ _ . _ _ _ --



.

_

Water was applied to the external surface of the containment vessel by a water
distribution system consisting o! four independently controlled sectors of
J-tubes. The system delivered water to the containment dome at two radial
locations. The flow rate was adjustable to allow investigation of water film
striping effects. The delivery system geometry used in the LST differs from

>

the delivery system geometry to be used in the prototypical AP600. In
addition, the AP600 delivery system is gravity feed while the LST water
delivery system was tied to the municipal water system. The municipal water
system tended to provide a fluctuating flow rate for most tests. A
predetermined valve position, based on an unheated surface, was set at the

start of a test on the basis of the target water coverage condition specified
in the test matrix. Of the 13 priority tests (analyzed with the MG0THIC Code
in WCAP-14382 ("MG0THIC Code Description and Validation")), only 6 (including
2 dry tests) achieved the target water coverage condition of 75 percent. In
all but one of the remaining tests, the actual coverage was higher. In one
test the coverage was well below the target condition.

Superheated steam was supplied at a controlled pressure to the steam generator
compartment below the operating deck of the test vessel's interior. A flow
distributor was used to provide low velocity steam at a height scaled to the
actual AP600 operating deck. In some tests, post-test condensation collection
data were used to determine the steam boundary condition for use in WG0THIC
analyses of these tests because the steam flow was too low to be measured with
the existing instrumentation. The blind test (LST 220.1) was one such case.

Gutters mounted around the inner circumference of the vessel collected
condensed steam from the inner surface of the test vessel dome and sidewall.
The condensate drained into a handling system that measured the mass of the
liquid collected. In addition, there were four other condensate collection
points. The five collection points were

girder condensate discharge systeme

inside vessel sidewall condensate discharge system*

" rainfall" condensate discharge systema

inside vessel condensate discharge system (below deck)*

steam generator compartment condensate discharge system=
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Certain LST Phase 1 (baseline) tests included internal partitions to model
i

open, closed, and steam generator volumes below the operating deck.
~

Vertical communication existed between these open volumes and the area above

the operating deck, while the closed areas consisted of dead-end spaces with
|

,

one entrance and no exit. The off-center steam generator compartment, into I

which steam was injected, communicated vertically with the test vessel volume
above the operating deck. However, unlike the prototypical AP600
configuration, this compartment did not communicate with other compartments
below the operating deck. Therefore, it is difficult to directly assess
global natural circulation and below-deck behavior in the prototypical AP600
on the basis of the LST tests.

To study the effect of hydrogen generation and distribution in the Phase 2 and
3 tests, helium was injected into the vessel through a port in the
steam-supply line near the bottom of the vessel.

21.3.8.2 Modeling of Internal Heat Sinks

Heat sinks in the AP600 containment consist of equipment and structural
materials and can be divided into short-term sinks, with relatively small time
constants, and long-term sinks, with larger time constants and a relatively j

slow response to thermal transients. The modeling of internal heat sinks in 1

;
the Phase 1 (baseline) tests consisted of the steel superstructure that '

supports the subcompartment partitions and operating deck grating. The Phase
2 and 3 tests included these subcompartment partitions and also 0.975-cm.

(0.375-in.)-thick aluminum plates installed in the open and dead-end compart- '

ments to more realistically simulate the short-term heat absorption of the '

AP600 equipment and structures. Long-term heat sinks in the LST facility were
modeled by removing portions of the insulation surrounding the open and dead-
end compartments near the button of the vessel to study the effects of the
heat sinks on the distribution of non-condensible gases in the vessel.

Ov
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21.3.8.3 Tast Objectives

The large-scale tests were conducted in three phases. The objectives of each
phase were as follows:

Phase 1 - The Phase 1 were baseline tests performed at constant pressure
*

conditions to investigate the effect of different levels of water
coverage, various external air flow rates, and the presence of internal
structures on containment heat removal.

Phase 2 -- The Phase 2 tests were conducted to validate heat and mass
*

transfer correlations over a range of prototypical internal conditions.
Transient heat transfer, the distr'ibution of non-condensible gases, and
the effect of non-condensible gases on heat transfer were examined.

Phase 3 -The Phase 3 tests examined the effect of break location and
*

concentration of non-condensible gases on mixing in the vessel and on
overall heat removal . These tests were intended to aid in the overall

|

understanding of the containment cooling phenomena.

As of July 31, 1994, Westinghouse had completed all planned phases of the LST |

and submitted test data reports. The baseline tests were documented in
WCAP-13566 ("AP6001/8th large-Scale Passive Containment Cooling System Heat
Transfer Bassline Data Report"). The Phase 2 and Phase 3 tests were
documented in WCAP-14135 (" Final Data Report for PCS Large-Scale Tests, Phase

1

2 and 3"). These reports contain primarily test data, but not evaluation or
interpretation of the test results. Submittal of this LST documentation was
identified as DSER Open Item 21.3.8.1-1. Westinghouse, in Letter NTD-
NRC-95-4463 (May 15, 1995) submitted "AP600 Testing Program Report: Large-
Scale Test Data Evaluation (PCS-T2R-050)." Therefore, DSER Open
Item 21.3.8.1-1 is closed.

O
.
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g Westinghouse's evaluation of the large-scale PCS test data yielded the
r following information and conclusions:

Evaporation was the primary mode of heat removal from the outside of the*

vessel (approximately 75 percent of the total), follcwed by sensible
heating of the subcooled liquid film (approximately 17 percent of the
total). The remainder of the heat was transferred to the environment by
convection and radiation.

The heat removal rate was proportional to the film area in the quadrant-
*

coverage cases, but had a weak dependence on the coverage area in
striped-coverage cases.. For the same film coverage area, striped
coverage provided better heat removal than quadrant coverage.

The heat removal rate appeared to be more strongly dependent on ambient
*

air temperature than on liquid film temperature.

The heat removal rate had a relatively weak dependence on annulus air*

velocity, indicating that the resistance to heat transfer on the inside
of the vessel was greater than on the outside.,

For all of the wetted large-scale tests (except the horizontal,
*

high-velocity steam-jet injection case), the highest heat fluxes occurred
near the top of the dome at the elevation where the external film was
applied. Although the dome represents about 30 percent of the heat
transfer surface area, approximately 40 percent of the total heat removal
occurred on the dome and 60 percent on the cylindrical sidewalls.

,

Injection of low-velocity steam resulted in relatively good mixing above,
*

but stratif,1 cation below (the injection location), causing air to be
concentrated below the operating deck. The heat removal rate increased 4

as the axial steam concentration gradient was increased (by raising the
injection location).

Injection of high-velocity steam resulted in a well-mixed vessel (both
*

above and below the operating deck).
_
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Injection of a light, noncondensible gas did not degrade the condensation
*

heat transfer or affect the overall heat removal. The gas did not
stratify (collect at the top of the vessel), but was well mixed above the
injection location and, eventually, well mixed throughout the entire
vessel.

21.3.8.4 Test Matrix

The tests and target cor.ditions covered are summarized in Table 21.3.

The 16 Phase 1 (baseline) steady-state tests were performed at three constant
pressures of 170, 308, and-377 kPa (10, 30, and 40 psig). The effects of
water coverage, external air flow, and internal structures on heat removal
were investigated.

Table 21.3' Large-Scale Tests and Target Conditions
Test configuration Phase 1 Phase 2 Phase 3

Number of tests 16 24 10

Internals modeled Partially Yes Yes
Steam pressure varied Yes Yes Yes
Steam flow rate varied No Yes (includes Yes (includes

modeling of modeling of ,

'

transients) transients)
Annulus air flow varied Yes No No

Helium added No Yes No
Water coverage varied Yes (75% to Yes (50% to No (75%)full) full)
Blowdown modeled No Yes Yes (steam

discharge
point varied)

Effect of noncondensible No Yes Yes (amountgases
of air

varied)

'This was Table 21.4 in the DSER.

O
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The 24 Phase 2 tests included both steady-state and transient investigations
and were intended to span a range of operating parameters (noncondensible gas
concentration, steam flow, and steam pressure) sufficient to validate the
capability of MG0THIC to predict the AP600 containment temperature and
pressure response to a design-basis accident (DBA). External water flow rates
were intended to be representative of those expected in the AP600. The air
flow in the annulus was not varied.

The 10 Phase 3 tests were performed to study the effect of rapid
pressurization, steam discharge location, and initial vessel pressure on
condensation mass transfer. The effect of noncondensible gases was studied by
conducting tests at pressurized and evacuated initial conditions.

21.3.8.5 Scaling

Westinghouse performed a number of experiments to obtain data for qualifying
the MG0THIC computer program for performing AP600 containment design
calculations. The most significant tests for the MG0THIC computer program
validation are the large-scale tests, which are the only integral-systems |

tests of the passive containment cooling system. There is a concern regarding
whether these tests include conditions sufficient to simulate the operative

|
phenomena identified in the phenomena identification and ranking table (PIRT) '

and whether they cover a range of parameters representative of AP600 design-
basis events. The tests and facility also have a large number of
nonprototypical features that could distort the data and that could affect
scale-up of the tests to prototypical size, including the following:

PCS flow was established before start of transient (except Test 219 which*

had low heat flux).

Because of the variability in water pressure to the sprays hooked up to*

the facility's municipal water supply, the PCS flow rate fluctuated and
required additional consideration in evaluating and understanding some
test results.

There was a different water distribution system on the shell dome.*
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There was a relatively high heat removal by means of sensible heat*

addition (raising subcooled liquid to saturation as opposed to
evaporation). 1

'

1

Internal heat sinks were lacking and internal flow paths (steam generator
*

subcompartment isolation from remainder of below-deck regions) were not
prototypical.

The height of the test vessel was 6.1 m (20 ft), which is shorter than*

the height dictated by the 1/8 linear scale used for the LST facility. I

The distribution of free volume below the operating deck in the test*

vessel was different from that in the prototypical AP600:

AP600 LST Facility

19 percent by open volumes 21 percent by open volumes
73 percent by dead-end volumes 70 percent by dead-end volumes
8 percent by steam generator 9 percent by steam generator

,

subcompartment subcompartment

The annulus riser was too narrow, a downcomer was lacking, and forced air*

flow was used.

The vessel shell was too thick.*

In Letter NTD-NRC-94-4264 (July 1994), Westinghouse submitted the first

iteration of a scaling analysis for which the mass, energy, and momentum
conservation equations were used to derive dimensionless parameters for the
heat and mass transfer processes occurring inside the containment.
Specifically, the analysis addressed heat and mass transfer between the steam
emitted from the break and the pools and the solid surfaces in the
containment. This preliminary scaling study did not model the heat sink
effect of the concrete, nor did it address the evaporative cooling of the
outer vessel wall or the scale-up of the LST facility to the AP600.
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Westinghouse indicated in the report that these issues would be covered in the
second iteration of the scaling effort.

For its scaling methodology, Westinghouse used guidance from the severe,
'

accident scaling methodology (SASM) as described in NUREG/CR-5809 ("An
Integrated Structure and Scaling Methodology for Severe Accident Technical

-

Issue Resolution," 1991). The resulting analysis was applied to two limiting
transients, the large double-ended cold-leg loss-of-coolant-accident (LOCA)
and the large main steam-line break (MSLB). The similarity between the,

I

Westinghouse scaling analysis and the SASM is limited to starting with the
identification of phenomena using a PIRT approach. The remainder of the
Westinghouse approach, which is based on preserving normalized (and therefore
dimensionless) heat fluxes resulting from different processes, departs from;

'

the approach presented in the SASM.

The scaling analysis is unconventional and based upon normalization rather
than on similitude. In using the principle of similitude, basic dimensionless
variables (referred to as n-groups) are identified and are treated as thei

| governing variables for the phenomena; that is, the phenomena are functions of
the n-groups, and preserving the value of the n-groups ensures that the
phenomena are unchanged by a change in scale. Westinghouse gave no-
justification for establishing that phenomena are invariant when ratios of
heat fluxes are preserved under a change in scale.

'

Formal documentation of the Westinghouse scaling approach is contained in

WCAP-14190 (" Scaling Analysis for AP600 Passive Containment Cooling System").
This ' approach was presented to the staff in a November 1994 meeting (Letter
NTD-NRC-94-4346, November 21,1994), and raised a number of issues and

In response to those comments, the Westinghouse scaling approachconcerns.

has evolved since that-time. The current Westinghouse scaling approach was
presented at the meeting on March 29 - 30, 1995 of the Advisory Committee on
Reactor Safeguards (ACRS), Thermal-Hydraulic Phenomena Subcommittee, in
Rockville, Maryland. Westinghouse has not formally documented its revised

scaling methodology, which replaces WCAP-14190. .The following description of

.O
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its current methodology is based on the staff's interpretation of the
March 1995 ACRS presentation:

'

Changes in the topdown PIRT were made to reflect discussions and lessons
*

learned from the November 1994 meeting.

The n-groups were consolidated in a different manner to convey
*

information more clearly.

An attempt was made to relate external n-groups in the annulus to*

containment pressure.

A more complete separate-effects analysis of stratification in the dome
*

region was presented, which suggests that both the LST facility and AP600
were clearly operating with stratified atmospheric conditions induced by
DBA releases.

Westinghouse divides its scaling analysis into an energy and a momentum
analysis. In the case of the energy analysis, a separate computer program
analyzes the AP600 containment pressure response to a LOCA and MSLB event.

The computer program, referred to as the " scaling model," calculates transient
n-groups for internal aad external energy transport processes. These groups
represent energy partitioning ratios. The momentum analysis addresses the
air / steam mixing process that may be occurring within the containment and the
downcomer and also considers the riser buoyancy forces responsible for
maintaining air flow in the PCS.

Enerav Scalina

The Westinghouse energy scaling method was developed in five steps:

(1) construction of a simple computer program to calculate an AP600
containment pressure sequence

(2) generation of n-groups using an energy rate equation for the containment
and PCS (coupled)
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(3)

O calculation of the time-dependent scaling n-groups for the AP600 using
the simple computer program

(4) application of measured dependent and independent parameters to calculate
the LST n-groups, as defined in step 2 above

(5) comparison of the AP600 and LST n-groups to assess whether the LST
scales are appropriate

The scaling model, or computer program, employs a simple three-volume
containment model. IfG0THIC is not used for the scaling studies. Volumes are,

associated with the containment vessel, riser, and downcomer. A number of
assumptions are made in the model:

The containment is well mixed.*

The air / vapor density profile is linear in the riser and downcomer.*

A fixed evaporation rate is chosen for all calculations (13.6 kg/sec
*

(30 lb/sec)).

The internal convection process is free convection.*

Air and steam are ideal gases.*

The break supplies steam and water at a saturation pressure equal to the
*

pressure in the containment.

Steam is saturated at the liquid film surface temperature.*

The external convection in the annulus is forced.
*

All heat sinks are lumped as one node.*

The n-groups are defined using an energy conservation equation, relating the
containment atmospheric pressure rate of change to various energy transport

AP600 SDSER 21-41

..



.

_

These n-groups are therefore formulated as energy rate ratios for
processes.

each transfer process.
The driving terms and resistances required to develop !

the' energy rates are evaluated implicitly within the scaling model. The

important groups relating mass transfer processes do not explicitly include
containment characteristic dimensions.

An energy transport mechanism such as condensation from the containment

atmosphere to the film surface is represented by a n-group that is a ratio of
a condensation energy rate to a steam injection energy rate. All n-groups
for a volume, referred to as "a module," must add to 1. The relative
magnitudes of the n-group for a volume (containment, riser, or downcomer)
indicate the relative importance of that energy transport process in affecting

|the time rate of change of the containment pressure.

!

An accident sequence is defined according to a specified steam injection
history. The scaling model predicts all the time-dependent states of the
system (containment, riser, and downcomer) and calculates the time-dependent

Since the AP600 n-groups are time-dependent quantities, developed
n-groups.

for a specific sequence of events, or steam injection history, the groups are
themselves dependent on the time history of the event.

Once the AP600 n-groups are determined, they are compared to the identical

groups, in terms of formulation, for the LST facility test. A specific test
is used to determine relevant test n-groups. It is important to note that
the scaling model or computer program is not run for the LST test to develop
time-dependent groups.

Experimentally derived quantities in the n-group
definitions are substituted directly into these group definitions (see step 2
above) to establish the n-group value for the specific test. The

justification for scaling is based on a comparison of the ratios of the AP600
and LST n-groups. If the ratio is 1, the transport process is considered to
be scaled between the facilities.

Momentum Scalina

The containment internal momentum scaling, as presented in Letter
NTD-NRC-94-4264 (July 28,1994) follows a derivation and correlation
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{t
application reported by Petersen (1994) for mixing by jet and buoyant plumes
in noncondensing atmospheres. The geometry for the derivation is one
dimensional: that is, the mixing layers are assumed to be semi-infinite in the

{ horizontal dimension. A ratio of the height (#) of the bounding ceiling above
| the injection to the jet diameter (d) represents the only geometrical scaling
! variable for the analysis. A criterion developed by Petersen for stable or

unstable stratification is applied to the AP600 and LST steam injections.
| For the external momentum scaling analysis, the scaling equation is a
j simplified static mechanical energy balance equation for air flow in the
; riser. n-groups are developed to relate gravitation energies in the
j

downcomer, riser, and chimney to the energy losses from air flowing in the
j riser. An experimentally determined form and frictional loss coefficient for
; the AP600 PCS downcomer, riser, and chimney geometry is used to define the

energy loss term.
The form and frictional loss coefficients for the AP600

downcomer, riser, and chimney were experimentally determined in a scaled, dry,
;

{ unheated test facility. These loss coefficients are used in the model to
define the energy loss term.

The scaling method is still being developed and the staff expects a final
: report on June 14, 1996; the only discussion available that describes the I

). current Westinghouse scaling analysis is in the form of a presentation to the
| ACRS in March 1995. The March 1995 ACRS presentation is used as a reference

in WCAP-14382 ("MGOTHIC Code Description and Validation"). In a letter dated,

j October 11, 1995, the staff requested (RAI 480.396) that Westinghouse document
j the ACRS presentation on the scaling approach to support the PIRT in
j WCAP-14382.
,

; In the December 6 - 7, 1995 meeting with the staff, Westinghouse provided a
j status report on the scaling study. Westinghouse is now working on a scaling
[ analysis that is neither unconventional nor based on normalization but that

!t

!,
relies on a more traditional evaluation based on similitude. In using the i

principle of similitude, basic dimensionless variables (referred to as
) "n-groups") are identified that are the governing variables for the
; phenomena; that is, the phenomena are functions of the n-groups and j
j preserving the value of the n-groups ensures that the phenomena are unchanged
j by a change in scale. The staff expects this report by June 14, 1996.
.

.
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In Letter NSD-NRC-96-4643 (February 12,1996), Westinghouse submitted the most
recent PIRT for the AP600 PCS. This report is still under review by the
staf'f.

Earlier versions of the PIRT are in WCAP-14190 and WCAP-14382.
Several phenomena may not have been considered in the PIRT or may have been
identified as inconsequential, and there is a need to obtain closure of the
PIRT and the scaling analysis.

Important issues (these are discussed in more detail in Section 21.6 as part
of the MG0THIC computer program review) not considered in the current PIRT
include the following:

thermal resistance between steel liner and concrete
a

fogging in the annuluse

condensation heat transfer to the bafflea

The staff has a concern regarding how the phenomenological categories
presented in the February 12, 1996, letter were chosen. The categories seem
to have been selected to fit a preconceived, tabular scheme -- generally the
same nine phenomena for each component - rather than by considering phenomena

and components. This necessarily means that the phenomenological categories
are combined into large areas identified only by very general descriptions.

The staff has a concern regarding the justification for not considering
certain phenomena or for low ranking of phenomena in the PIRT provided in the
February 12, 1996, letter. For example, the argument given for ranking
atmospheric humidity as low incorrectly cites the effect of humidity on
saturation pressure and does not address the effect of humidity on heat
capacity, fogging, and air flow rate. In Section 3.3.12, " External
Atmosphere," of the enclosure to the letter dated February 12, 1996,
Westinghouse states:

3.3.12.2 Humidity -- The peak containment pressure is limited by mass
transfer rates, that are functions of steam partial pressure
differences. The peak internal pressure is approximately 276 kPa
(40 psia), while the ambient steam partial pressure is limited to
the saturation pressure, 6.9 kPa to 13.8 kPa (1 to 2 psia). In
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terms of steam partial pressure difference between the inside andh outside of containment and riser, the maximum variation expressed as

a fraction of the total can be used as a first order estimate of the
containment pressure sensitivity to humidity. The resulting
variation is less than 3%, so the ranking is L [ low] during the,

post-reflood and 24 hour time phases. The phenomena is not relevant
during blowdown and reflood because the PCS has no effect then.

Arguments also provided by Westinghouse in the enclosure to the February 12,
1996 letter to dismiss fogging and recirculation cite references that do not
seem to totally support the conclusions. The staff is still reviewing this
report.

Areas of Concern With the Scalino Analysis

The Westinghouse scaling approach is not standard, relying on preserving
*

ratios of fluxes rather than classical similarity groups. It needs to be
demonstrated that preserving ratios of normalized heat fluxes ensures

O that the results of scaled tests are representative of the prototype.
. Mass and energy transport phenomena are functions of basic similarity
dimensionless groups (e.g., Reynolds Number). These basic similarity
groups can be regarded as independent variables for the phenomena. It

would seem that the' fluxes are dependent variables, and it is not clear
'that the Westinghouse approach of preserving these quantities under a
change in scale is an appropriate scaling analysis.

In Letter NTD-NRC-95-4561 (September 19,1995), Westinghouse states that
*

scaling analysis helps with the bounding calculations by providing enough
insight into the actual physics to show that bounding modifications can
be made to the evaluation model. Westinghouse needs to demonstrate that
each bounded process had a bound that is independent of scale or covers
the prototype (AP600) scale.

The LST facility has a significant number of nonprototypical features
*-

that may limit its applicability in the validation of best-estimate
computer programs. These nonprototypical features require detailed
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evaluation by Westinghouse to determine what distortions they introduce
|

when LST data are scaled up in support of AP600 analysis. '

1

Areas of Concern With the PIRT

Closure of the PIRT and scaling analysis results is needed. That is, the
*

information developed in the tests needs to be used to confirm the

rankings, and the n-groups identified in the scaling analysis as being,

important need to be related to the phenomena identified in the PIRT.
;

i

Resolution of the overall LST facility scaling issue and PIRT is a primary
concern of the staff and was identified as DSER Open Item 21.3.8.5-1. This
item remains open. Specific issues that need to be addressed are the,

following:
,

SDSER Open item 21.3.8.5-la: Westinghouse needs to demonstrate that itsa

scaling approach ensures that the results of the tests are representative
of the prototype. It is not obvious that preserving normalized heat flux
ratios ensures similitude or that phenomena are not affected by the

'

change in scale.

SDSER Open Item 21.3.8.5-lb: Westinghouse needs to clarify the role*

played by scaling in a bounding analysis and to relate proposed bounding
values to the test data.,

!

SDSER Open Item 21.3.8.5-1:: Westinghouse needs to address phenomena
*

that could be important, but that may not have been included or may have
been incorrectly determined to be inconsequential in the PIRT. These

include condensation heat transfer on the inside of the baffle and
fogging in the annulus.,

SDSER Open Item 21.3.8.5-1d: Westinghouse needs to extend the PIRT to*

the next lower level of detail. The current cursory level does not tie
the categories to specific phenomena, making the current PIRT of limited
value for its intended purpose as a modelers' guide.

.
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SDSER Open Item 21.3.8.5-le: Closure of the PIRT needs to be achieved
*

based on the scaled testing experience. That is, the importance of
<

phenomena as determined by the scaled testing needs to be factored into
the PIRT. Westinghouse needs to (1) address how each of the items
identified in the PIRT has been handled in the experiments and the

scaling process, (2) identify all of the significant nonprototypical
features of the LST that could distort the data and that could affect
scale-up of the tests to prototypical size, and (3) evaluate their effect*

on the applicability of the data for computer program validation.

SDSER Open Item 21.3.8.5-1f: The scaling method is still under
|

*

development and the staff expects a final report in June 1996. The staff I
believes the report Westinghouse is now working on will provide a scaling
analysis that is neither unconventional nor based on normalization but
rather is based on a more traditionc1 evaluation using the principles of
similitude. j

,

Westinghouse provided three additional reports that may address some of the
;

h issues presented:a,

Letter NSD-NRC-96-4643 (February 12,1996)(This letter includes a revisede.

PIRT.)

Letter NSD-NRC-96-4646 (February 15, 1996)
*

Letter NSD-NRC-96-4649 (February 16,1996)(The requests for additional
*

information addressed in this letter deal with the range of data in the
LST for comparison to expected ranges in the prototypical AP600.)

These documents are under staff review and, with a revised scaling report due
June 14, 1996, will be incorporated into the final Safety Evaluation-Report.

r
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21.3.9 Water Distribution Test Program

21.3'.9.1 Introduction

The water distribution tests were performed to investigate the effectiveness
of the PCS in delivering a uniform water film to the outer surface of the
containment vessel. The tests were performed on both a 1/8 sector of a full-
scale AP600 containment dome with a shortened sidewall and a " cap"
representing a section of the full-scale containment. The tests were
performed at the facility located at the Westinghouse Waltz Mill site in
Madison, Pennsylvania. Data gathered from the tests will be used to help
determine water cover;.ge fractions used as input to the }iG0THIC code. Testing
was conducted in three phases, and the objectives of each phase was as
follows:

Phase 1
-- To determine the effectiveness of the water distribution

*

system in delivering water to the containment dome.

Phase 2*

- To investigate the capability of the weir system to provide a
uniform flow distribution over the containment dome and side-
wall.

Phase 3 - To continue the Phase 2 tests, to determine the flow off the
*

bottom and sides of the model, and to determine the water
. film thickness.

As of July 31, 1994, all of the water distribution tests had been completed
and the test data had been submitted to the NRC by means of the following
Westinghouse topical reports: WCAP-13353 (" Passive Containment Cooling System
Water Distribution, Phase 1 Test Data Report"); WCAP-13296 ("PCS Water
Distribution Test Phase II Report"); and WCAP-13960 ("PCS Water Distribution
Phase 3 Test Data Report"). These reports contained only a matter-of-fact
presentation of the data and presented no evaluation or conclusions. The

submittal of data evaluation and test conclusions was identified as DSER Open
Item 21.3.9.1-1. Westinghouse submitted Report PCS-GSR-003 ("A Method for

Determining Film Flow Coverage for the AP600 Passive Containment Cooling
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;

System") on July 29, 1994, and submitted Letter NSD-NRC-96-4646 onO February 15, 1996.
The submittal of these documents addresses the staff'sV

j request for information. Therefore, DSER Open Item 21.3.9.1-1 is closed. The
application of the water distribution testing program data and its
applicability to the AP600 is still under review as discussed in,

Section 21.6.4.
3

; 21.3.9.2 Test Models !

:

i :
a

The Phase 1 test model consisted of a full-scale, 6.1-m (20-ft)-diameter;

| circumferential section (or " cap") of the containment dome fabricated from '

i steel. The complete model assembly was capable of being tilted horizontally
| to investigate the effect this had on the surface film distribution.
1

The model for both the Phase 2 and 3 tests was a full-scale,1/8 sector of the;

i
containment dome attached to a 1/16 sector of the sidewall fabricated from !'

steel. However, while the scale of the sidewall was the same as that of an.
>

|

f
actual AP600, the full height of the sidewall was not modeled; the height of
the sidewall in the model was 3.048 m (10 ft), whereas the height of an actual

! AP600 sidewall is 25.29 m (83 ft).' !
:

!

Certain welds on the surfaces were made using worst-case welding tolerances to
j represent surface irregularities that would likely be present in an actual
j AP600. Attempts were made to enhance water coverage by adding surfactants to
f the water and scoring the surface, but were unsuccessful. However, a commer- I

{ cially available inorganic zinc paint was used to coat the surface of the
model to enhance its wettability.!

{

For all test phases, the water distribution system consisted of a distribution
j

bucket attached to the top of the dome. The distribution bucket had equally
{

spaced slots cut around its perimeter in order to regulate water flow onto the i

containment dome. Adjustable weirs were installed on the surface of the dome i
I

at two radial locations to promote water distribution over the vessel surface. !
Water runoff from the dome and sidewall was collected using a system of

||gutters located around the lower circumference of the test structure. The
gutters drained into individual buckets, thereby allowing the volume of water f

|
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in each bucket to be measured and used to determine the azimuthal distribution
1
'

of water on the model surface. For each test, water flow rates ranged from
i

26.1 1/ min. to 832.8 1/ min. (6.9 gpm to 220 gpm). Information in the data |

reports indicates that all tests were run with water at near ambient tempera-
ture. A scaling analysis was not performed for these tests.

21.3.9.3 Test Matrix |
J

The tests performed in Phases 1 through 3 are summarized in Table 21.4.

Table 21.4* Summary of Water Distribution Tests - Phases 1 Through 3

Effects
investigated Phase 1 Phase 2 Phase 3
Model/ weir tilt Model No Weir
Heated surface No No No i

Surfactant Yes No Noin water
;

Worst-case No Yes Yes lsurface welds
modeled

Baffle-wall No No Yessupports modeled

Water film No Yes Yes
'

thickness / width
measurements

Water runoff Yes Yes Yesmeasurements

'This was Table 21.5 in the DSER.

As indicated in Table 21.4, the effect of tilting the containment model on

water distribution and the azimuthal water distribution over the dome were
investigated in the Phase 1 tests. The performance of various weir and
distribution bucket designs was investigated and water film thickness and

width measurements were made in the Phase 2 tests. The Phase 3 tests were
similar to those conducted in Phase 2; in addition, the PCS baffle-wall
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structural supports were modeled and the effect of tilting the distribution
welrs on film coverage was investigated.

Note that none of the tests in Phase 1, 2, or 3 were conducted with a heated
done or sidewall. A heated surface would be expected to affect water coveraga
differently than would an unheated surface. Westinghouse was made aware of

the staff's concern regarding the use of an unheated surface before commencing
'the test program. This was identified as DSER Open Item 21.3.9.3-1. The t

;

applicability of water coverage data taken from an unheated surface is more
fully discussed in Section 21.5.9 of this supplement and staff concerns are
identified in DSER Open Item 21.5.9-2. The lack of a heated surface will be
addressed under DSER Open Item 21.5.9-2; therefore, DSER Open Item 21.3.9.3-1
is closed.

21.4 Overview of NRC Activities

I
The NRC staff has observed the onsite performance of selected tests at many of l

Westinghouse's test facilities. On the basis of the staff's observations of
these tests, as documented in formal test observation reports, the AP600 test I

programs generally appear to be performed in a competent, professional manner,
with due consideration for meeting test specifications and acceptance

j
criteria. The staff believes that the test programs have provided useful data
for evaluating AP600 safety system performance; however, detailed review of

:

the test results is required for the staff to be able to make a final judgment
j

on the adequacy of the vendor's test programs.

!

The NRC staff is performing a comprehensive review of each Westinghouse design
certification test program. The review activities are carried out by several
different branches within the Office of Nuclear Reactor Regulation, with

l
support from the Office of Nuclear Regulatory Research. These activities

!cover a broad range of issues related to
i

test facility design, instrumentation, and scaling=

:test data and analyses*

quality assurance (QA).
!

*

O
V
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The staff has taken an active role in observing and auditing the applicant's
performance in these areas. The staff's activities for each test program is
described briefly below. Section 21.7 provides a comprehensive summary of the
QA inspections conducted by the staff at Westinghouse's design certification
test facilities.

21.4.1 Core Makeup Tank Test Program

The staff has reviewed the test facility desig1, instrumentation, scaling, and
test matrix for the core makeup tank (CMT) test program. Several matrix tests
were observed on site by the staff and its contractors, and the test data and
their analysis were reviewed. The review covered both the thermal-hydraulic
behavior of the CMT and associated equipment, and the performance of the
prototypical heated RTD level sensors that are proposed for use in the AP600
to control ADS actuation,

l

21.4.2 Automatic Depressurization System Test Program

The staff has reviewed the test facility design, instrumentation, and test
matrix for Phases A and Bl. Scaling has not been considered directly in the
staff's review, since the major AP600 components ur. der test are full size;
howeve.', the staff has reviewed Westinghouse's plans to use nozzles or
orifices or both to simulate the presence of one of the two valves in each ADS
stage in Phase Bl. The staff has reviewed the ADS test data and the
Westinghouse analyses.

21.4.3 Passive Residual Heat Removal System Test Program

Review of this test program has focused mainly on the data, since testing was
completed before the staff began its review of AP600 testing. Facility design
has been evaluated, as discussed previously, in light of the substantial
change made to the PRHR system design subsequent to the completion of testing.
The staff is still reviewing Westinghouse's test data and analyses; audit
analyses of testing in this program have been performed, and have raised

questions about Westinghouse's conversion of the data from electronic signals
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to engineering units, as well as about the subsequent analysis. This
evaluation is discussed in detail in a subsequent section.

21.4.4 Departure From Nucleate Boiling Test Program

The staff has observed testing in the Heat Transfer Research Facility (HTRF) i

at Columbia University, and is reviewing the test data. As discussed |
previously, the staff's review of the DNB test program was limited, for the
most part, to an evaluation of the test data and its application to extend
computer code DNB correlations. Because the HTRF is a well-established
facility for such tests, and the tests are similar in character to those that '|

have been done in the past, an extensive review of this test facility has not
been needed.

The staff prepared the DSER before it reviewed the data from the Columbia
University DNB tests for the flow conditions in the AP600. Westinghouse
provided the test data in WCAP-14371. The evaluation of this data is
discussed in Section 21.5.4.

(D
21.4.5 OSU/ APEX Test Program

The staff has reviewed this program extensively. The test facility design was
assessed at an early stage of the program, aM numerous comments were made to

Westinghouse regarding modifications and additions to the loop design and
instrumentation. The test matrix was also reviewed as the facility design and
capabilities changed. Because this is a reduced-height, low-pressure facility
representing a reactor in which natural circulation is particularly important,
a scaling analysis showing proper facility design and giving guidance in how
to apply test data to analysis of the full-scale plant was considered
essential. The staff commented on the draft scaling report produced by OSU
and has reviewed the final version of the scaling analysis. The staff issued
a number of RAIs on this report as discussed in Sections 21.3.5 and 21.5.5.

The. staff observed selected tests in the facility and is continuing its review
of the test data and associated analyses. For those parts of the testing

O reports that have been reviewed, the staff has issued RAIs and is reviewingO
|
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the responses. Westinghouse's pre- and post-test calculations are also being
reviewed, and NRC audit analyses have been performed.,

4

21.4.6 SPES-2 High-Pressure, Full-Height Integral Systus Test Program

The staff reviewed the SPES-2 design modifications as proposed by Westinghouse
} and SIET when the program was established in 1992, and recommended a number of
; additions and changes to the loop design and instrumentation. The test matrix
) has also been the subject of extensive discussion between the staff and

Westinghouse. Scaling is somewhat more straightforward in SPES-2 than in APEX

due to the full-height configuration; however, the staff reviewed scaling of,

key components to determine if SPES-2 would be able to capture important,

thermal-hydraulic phenomena. The staff noted that since SPES was an existing,

facility requiring some modifications, there were design-related differences
i from the AP600 configuration, as detailed previously, and other deviations
! from ideal scaling, including use of the existing SPES pressurizer, which is

somewhat shorter and about 25 mm (1 in.) larger in diameter than a properly
scaled AP600 component. Major modifications, such as addition of the CMTs,
IRWST, and pressurizer surge line, conform to the SPES-2 volumetric scale.
The staff evaluated the SPES-2 scaling analysis, including use of the shorter,

pressurizer, and determined that, despite the distortions, SPES-2 should
provide thermal-hydraulic data over a range of conditions applicable to the
AP600 design. Therefore the SPES-2 scaling analysis met the objectives

: described in Section 21.1.5, and is acceptable to the staff.

. The staff has observed several SPES-2 tests; additional observation has been

performed on the NRC's behalf by ANPA-DISP, the Italian nuclear cegulatory
agency, as part of an international agreement with that agency. The staff is
continuing its review of SPES-2 data. The staff has also performed analyses
of several SPES-2 tests.

,

21.4.7 Wind Tunnel Test Programs

The staff witnessed portions of Phase 4A and 4B tests at the National Research
Council of Canada's boundary layer wind tunnel in Ottawa, Ontario, and at the
University of Western Ontario in London, Canada. The staff toured the wind
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tunnel facility, which allowed closeup examination of the models and the wind
.

tunnels, observation of confirmatory testing conducted prior to installing the
actual test model, and observation of a test performed to characterize the
flow past the cooling tower. Overall, the tests were conducted by competent
personnel practicing sound experimental procedures.

21.4.8 Large-Scale Passive Containment Cooling System Test Program

The staff witnessed Phase 2 matrix Test 220.1, " Transient Blowdown Steam Flow,
Reduced Water Flow and Coverage Area, Non-Condensible Gas Samples Taken," and
Test 221.1, " Transient Blowdown Test with Helium Addition." The staff
performed a top-level check of the facility QA, testing performance, and test
results. Although the staff witnessed only a fraction of the tests _ in the
complete program, it is reasonable to expect that the general observations
made of the viewed tests are representative of the other tests in the program,
and thus are generally indicative of the complete program.

{
!

The staff perfoed a quality assurance review of this program in May 1995. !

The results of the staff's review is discussed in Section 21.7 of this report. |

t21.4.8.1 Phase 2 Test 220.1 '

The staff reviewed the test objectives, instrumentation, and operational
problems with the test supervisor. The objectives were clearly defined, the
crew was well versed in its duties and, because this was a later test in a |
long series, most testing problems had been resolved. Transitional points at
which problems were likely to arise were discussed, and the staff watched

{
carefully during these periods to ensure they were handled properly. The test I

was guided by a step-by-step procedure that contained test prerequisites and
instructions, target test parameters, the necessary instrumentation, and gas
sample data sheets. The operators were knowledgeable about the facility
layout and the location of instruments and controls.

Before running Test 220.1, the crew practiced with the steam boiler and was
well versed in its operating idiosyncrasies. However, problems with the
boiler almost invalidated the test. The test procedures called for three
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rounds of data measurements; however, after the second round was completed,

the boiler shut down on low feedwater flow and testing ceased. Westinghouse
test ~ engineers examined the first two rounds of measurements and found that

the pressure readings were within 0.69 kPa (0.1 psi) at each sampling point.
Normally, a 2.07 - 2.76-kPa (0.3 - 0.4-psi) discrepancy would be considered
acceptable for readings that were supposed to be the same. Therefore,
Westinghouse determined that a third set of data measurements was not

necessary. The acceptability of Westinghouse's decision to conclude Test

220.1 with only two sets of data measurements was identified as DSER Open
Item 21.4.8.1-1.

During the test, condensate was collected at five different locations and was
removed through a manifold under the vessel. The rate of condensate
collection served as a check of steam flow rate measurement during
steady-state operation.

Temperatures were measured by a total of 315 chromel-alumel thermocouples.
These were batch-sample calibrated by the Westinghouse testing laboratory.
Multiple thermocouples at various locations provided data to determine

through-wall vessel heat flux, and measured internal and external atmospheric
temperatures. One thermocouple measured incoming steam temperature. Five
steampipe thermocouples provided a check of steam temperature under steady-
state conditions. Containment atmosphere gas sample lines were at four

locations, and extended into the bulk fluid of the vessel. The gas sample
data were collected to be used to assess the ability of computer programs to
predict steam stratification and noncondensible gas concentrations within the
vessel. The staff observed one sample being taken. A valve was opened,
allowing vessel atmosphere to flow through a heated collection line into a
heated collection bottle. The staff expressed concern about the uniform
temperature of the collection apparatus. Non-uniform temperatures might cause
condensation within the sample bottles, distorting the measurement.
Furthermore, no sample lines were routed to the dead-ended compartments within
the test vessel where noncondensible levels might be expected to be the
highest.

O
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In WCAP-14135, Westinghouse discusses the gas sampling apparatus. The

procedures to collect a sample include heating the tube to 205 *C (400 *F)
(although the internal temperature might be 36 *C (65 *F) warmer). The probe
tube inside the containment was also heated, and could be as high as 165 *C
(300 *F) above the air and steam temperature. The procedure was designed to
avoid any problems with measurements resulting from steam condensing in the
sampling system by maintaining the temperature of the gas sample apparatus
higher than the 150 *C to 175 *C (300 *F to 350 *F) containment atmosphere
temperature.

.

Westinghouse adhered to instrument manufacturers' calibrations and instruc-
tions concerning periodic recalibrations. When required, instrument readings
were set back to zero following each test. Instrument errors and the data

-

were provided to the analyst. Steam flow instrumentation was recalibrated !'

after the high-capacity steam source was installed. The staff questioned the |

accuracy of the calibration procedures and was told that accuracy would be
discussed in the final test report.

In WCAP-14135, Westinghouse discusses the steam flow measurements for Test

220.1. A comparison of condensate and vortex meters indicated that the vortex
meter consistently performed at a 15- to 20-percent lower flow than indicated 1

by the condensate over the steady-state period. The vortex meter was
operating at the lower end of its operational range during the steady-state
period. During the low-flow steady-state portion of the test, the discrepancy
noted was about 1.9 percent of full scale but about 15 percent lower than the
recorded condensate readings. (The meter accuracy is quoted as I percent of
full scale with the range extending from 2.69 to 0.20 kg/sec (5.9 to
0.45 lb/sec) at the meter's test operating conditions.) The Westinghouse Test
Engineering Group recommended that 15 percent should be added to the steam

flow rate for all times greater than 10.9 hours to compensate for this
difference. Post-test calibrat' ion showed no discrepancies in performance of
'the flowmeter, although the calibration was limited to the lower 15 percent of
its span.-

Test 220.1 is particularly important because it is the only PCS blind test. A
[ blind test is a test for which data are withheld from test analysts. The
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analyst predicts the test's outcome on the basis of the initial test condi-
tions. The analysis is then compared to the actual test data. In the case of
Test 220.1, only the test boundary conditions (inlet steam flow rate and I

temperature; steamline pressure and temperature; air annulus exit velocity and
pressure drop; the PCS water flow rate and temperature; wind speed, wind
direction, and ambient temperature) were provided to the Westinghouse analysts
to predict the resulting parameters (internal pressures, temperatures,

I

air-steam flow rates, and noncondensibi oncentrations) using the NG0THIC |

computer program. The boundary data are given in WCAP-14135. In Letter
NTD-NRC-95-4422 (March 27, 1995), Westinghouse submitted the blind test

boundary conditions to be used for the MGOTHIC analysis, which included the

15-percent increase in the steam flow recommended by the Westinghouse Test
Engineering Group.

After the pre-test calculation was performed, the Westinghouse Analysis Group
obtained the post-test data from the Westinghouse Test Engineering Group. The
post-test condensation rate data showed that the average steam flow used in
the pre-test prediction was too low and that significant dips in the pre-test
steam flows, taken from the vortex meter, were in error. Westinghouse

modified the mass and energy release rates for the blind-test evaluation, and
provided the new boundary conditions to the staff in Letter NTD-NRC-95-4456
(May 8, 1995). The analyses of blind Test 220.1, based on the revised steam
flow, are in WCAP-14382.

After reviewing the test analysis results presented in WCAP-14382 and the
problems associated with the low steam flow, it is now apparent that a third
test would not have provided any additional data that would improve the
boundary data set for use in the MG0THIC analyses. The steam inlet flow was
too low to be adequately measured by the available instrumentation for the
steady-state portion of the test, and the boundary conditions used in the
analyses would still contain uncertainty and the need to rely on the post-test
condensation collection data to back out the boundary conditions. Therefore,
DSER Open Item 21.4.8.1-1 is closed.

O
'
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21.4.8.2 Phase 2 Matrix Test 221.1

O
This' test is important because it was the first time that all significant
parameters were incorporated into a single test. As with previous staff !

observations, the staff reviewed the test objectives, instrumentation, and
operational problems with the test supervisor. The objectives were clearly
defined, the test crew was well versed in its duties, and most problems had
been resolved. The test personnel performed the written test procedures and
prerequisites correctly. Facility instrumentation seemed satisfactory with

<

the exception that only five anemometers measured the flow of the containment
vessel internal atmosphere. In Section 21.5.8 of this supplement, the staff
discusses its concerns associated with the PCS testing program.

21.4.9 Water Distribution Test Program

The staff witnessed three of the Phase 3 water distribution tests. The staff
chose to observe these particular tests because they spanned the range of
design flow rates for the PCS. In a pre-briefing with the staff, the test

,

; supervisor reviewed the test objectives, identified any operational problems,
and discussed the instrumentation. Since this test was performed late in a
long series of tests, most operational and equipment problems had been |

resolved. The staff observed that test personnel were well versed in their
duties and that the test operators appeared very knowledgeable about facility
layout and the location of instruments and controls.

In general, the instrumentation appeared sufficient for the purposes of the
experiment. A particularly difficult measurement was determining the film

-

thickness using a capacitance probe. The difficulty in making the measure-
ments was that the film was not uniform in thickness; rather, its surface on
the sidewall exhibited wavy laminar flow. Because of the non-uniformity of
the film and the relatively small number of readings taken, the staff notes
that the measurements are probably inadequate to accurately characterize the

AP600 film flow. The staff also noted that the model contained several
representations of welds and surface defects, per WCAP-13290 (" Passive
Containment Cooling System Water Distribution Test Specification") that could
affect the film coverage.
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The staff concludes that the water distribution tests were performed by
competent personnel following clear, complete procedures. Issues regarding
the. validity of the test data and test model non-prototypicalities are further
discussed in Section 21.5.9.

21.5 Evaluation of Vendor Testino Procrams

This section contains a brief, program-by-program evaluation of Westinghouse's
design certification testing. As discussed previously, the staff is still
reviewing many design certification testing programs, so that it cannot yet
draw final conclusions about the programs. However, this supplement contains
the staff's evaluations of the individual test programs, including the
elements described in the previous section on NRC staff activities

(Section 21.4), to the extent that such evaluations have been completed.
Final evaluations of several vendor testing programs are still open items; the
staff will discuss its completed review of these programs in the FSER.

!

The staff notes that the evaluations of the test programs in this section
address only such issues as test facility design and scaling; adequacy of the
test matrices; test performance and data acquisition; and evaluation of the
data with respect to quality assurance, coverage of an adequate thermal-
hydraulic range of conditions, and the vendor's discussion of the important
thermal-hydraulic phenomena exhibited during the tests. These test program
evaluations do not include review of the capability of Westinghouse's accident
analysis computer codes to model and represent analytically the phenomena and
system responses observed during the testing. The staff's review and
evaluation of the adequacy of those computer codes are described in
Section 21.6.

21.5.1 Core Makeup Tank Test Program

Initially, the staff focused its review on the design, instrumentation, and
scaling of the test facility, and on the test matrix. The staff reviewed the
CMT scaling report, and issued RAI 440.52, covering several issues that

required additional discussion, such as modeling and scaling of heat transfer,
recirculatory and draining behavior, stratification, and behavior of the CMT
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steam distributor. The staff and members of the ACRS met with Westinghouse to
discuss the scaling report. Westinghouse responded to the specific questions

>

in RAI 440.52 and issued the revised scaling report in January 1995. After
reviewing the revised report and the response to RAI 440.52, the staff
concludes that Westinghouse has addressed scaling issues in an acceptable
manner as addressed in Section 21.3.1.

The staff has also reviewed the final data report (FDR) and the test analysis
report (TAR) for the CMT test program. The staff issued RAls 440.259 -

'

440.262 and 440.359 - 440.362 requesting further discussion on the test data

and their interpretation, with particular attention to the issues of concern,
such as recirculation and draining behavior, stratification, and flashing,
described previously in this chapter. The staff also requested Westinghouse
to address such test performance and analysis questions as post-test review
and acceptance criteria, facility performance, and data uncertainty and error
analysis. The staff has reviewed the responses to the RAls, together with the
FDR and the TAR, and concludes that Westinghouse acceptably addressed the

staff's questions concerning the thermal-hydraulic aspects of the testing
program. The reports and RAI responses also satisfactorily discussed overall
test performance and analysis issues.

Pending review of the " scaling closure" report to be submitted by Westinghouse
(see below) and in view of the staff's review as discussed above, the staff
concludes that the CMT test program has fulfilled its objectives to provide a
separate-effects database with which to assess AP600 analytical models, per
the requirements of 10 CFR 52.47(h)(2)(1)(A).

The staff has also reviewed the data and analysis related to the prototype
level instrument. The information was provided in WCAP-14442 ("AP600 Core

Makeup Tank Level Instrument Test Data and Evaluation Report"), August 1995.
<

This information has been determined to be insufficient to resolve staff
concerns about the ability of the instrument to perform its functions in the
AP600. This issue was DSER Open Item 21.5.1-1. Resolution of these concerns
remains an open item.

O
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21.5.2 Automatic Depressurization System Test Program !

The staff has reviewed the automatic depressurization system (ADS) Phase 81
|

facility design and test matrix. Scaling has not been considered a !

significant issue because of the full-size configuration of the ADS piping
network, exhaust pipe, and sparger. The staff's review of the test matrix has
not uncovered any obvious deficiencies; as noted previously, however, the
" road map" to be submitted by Westinghouse will indicate the specific
relationship between the design certification test program and the
qualification of the actual valves, which could raise issues regarding the
coverage of the test matrix. The staff has reviewed the final data report and
the test analysis report for the Phase 81 test program, and has issued a

|number of RAls concerning the test. articles and the use of the data for
modeling thermal-hydraulic aspects of valve performance in the AP600. Many of
the RAls have been satisfactorily answered; several, however, remain to be
answered. The staff cannot complete its review of the testing program until
all RAIs have been addressed adequately. This issue was OSER Open
Item 21.5.2-1. Resolution of this issue remains an open item.

9,
21.5.3 Passive Residual Heat Removal System Test Program

The staff is still reviewing this test program. The staff's evaluation of the
test program previously focused on the applicability of the three-tube test
data to the current design of the passive residual heat removal (PRHR) system
for the AP600. Results from selected integral tests and preliminary NRC
analyses have shown that the behavior of the PRHR system has a significant -
possibly dominant - effect on RCS behavior over a wide range of DBAs. The

capability to predict this behavior is, therefore, an important aspect of
AP600 analyses. The differences in test facility configuration and the
current AP600 design affect both primary (tube side) and secondary (tank side)
heat transfer. Of specific concern are flow distribution and behavior in the
tubes and two-phase flow behavior in the IRWST, especially within the tube
bundle. High heat transfer rates could cause violent boiling on the outer
surface of the tube, resulting in vapor blanketing of some portion of the heat
exchanger surface and drastic reduction in heat transfer.

O
AP600 SDSER 21-62



_ _ _ _ _ _ _ . _ . _ _ ___._____ _ _ __._. _

Although the test configuration of straight vertical tubes represented the in-
plant configuration at the time of the test, Westinghouse changed the AP600
heat exchanger design to a vertical C-shaped tube bundle with several hundred
tubes. The average tube length is substantially greater than that of the
original. straight-tube design; tube diameter is the same as the earlier

j

design. The nominal design capacity of the heat exchanger is calculated by
Westinghouse to be approximately 2 percent of AP600 full power in natural
circulation. The staff has specified in RAIs that Westinghouse must justify
in detail the applicability of the straight tube data to the C-tube
configuration. Furthermore, the staff has determined that Westinghouse's data
conversion software for this test program contained an error in converting a
key flow signal to e'ngineering units. To respond to these issues,
Westinghouse has committed to reanalyze the data from the PRHR test program,
and to reissue the PRHR test report in a format similar to that used for the
other design certification test programs. The staff will complete its review
of the PRHR test program after it receives the revised report. Completing the
review and resolving the outstanding issues of data analysis and applicability
is an open item, previously identified as Open Item 21.3.3-1.

21.5.4 Departure From Nucleate Boiling Test Program

As noted previously, the staff prepared the DSER before it reviewed the data
from the Columbia University DNB tests for the flow conditions in the AP600.
Westinghouse provided the test data in WCAP-14371. The staff has now
completed its review of the VANTAGE 5-H data. The reference case for the

AP600 is DNBR test data for the VANTAGE 5-H fuel assemblies.

Westinghouse provided the system conditions that bound the low-flow conditions
!

encountered in the AP600 loss-of-flow and locked-rotor accident analyses in
Section 5.0 of WCAP-14371. Test data are given in Tables 6-1 and 6-2 of
WCAP-14371.

Test data analysis and comparison of measured critical heat flux (CHF) with
i

predicted CHF data, showed that the WRB-2 correlation tends to overpredict CHF

at the low-flow conditions (less than 4.9 x 10' kg/hr-m' (1 x 10' lbm/hr-ft )).
Westinghouse reported data which showed that the magnitude of the
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overprediction depended primarily on the local mass flux and slightly on the
local pressure. As a consequence of these results, Westinghouse applied a
multiplier to the WRB-2 correlation to account for the CHF overprediction in,

Section 8.0 of WCAP-14371. In the low flow regions, Westinghouse refers to
the WRB-2 as the Adjusted WRB-2 correlation.

The staff has reviewed the DNB testing data submitted in WCAP-14371 and the
correction factor applied by Westinghouse. The staff finds the range of test
conditions covers the conditions anticipated for Ap500 transients. The staff
also agrees that the correlation correction applied by Westinghouse for low
flow conditions, as defined above, will result in a conservative estimate for
the onset of DNB based upon the test data. The analyses and data are

therefore acceptable, subject to the following conditions on the application
of the WRB-2 correlation:

1. If the local area mass flux in the hot channel is between 2.34 x10 ' and
5.08 x 10' kg/hr-m2 (0.48 x 10' and 1.04 x 10' lbm/hr-ft ), the Adjusted2

WRB-2 correlation must be used for the DNB Ratio (DNBR) calculation.
This is Confirmatory Item 21.5.4-1,

2. If the local area mass flux in the hot channel is between 4.9 x 10 and8

1.8 x 10' kg/hr-m (1.0 x 10' and 3.7 x 10' lbm/hr-ft'), the WRB-2

correlation must be used for the DNB Ratio (DNBR) calculation. This is
Confirmatory Item 21.5.4-2.

3. This acceptance applies only to VANTAGE 5-H fuel assemblies. This is
Confirmatory Item 21.5.4-3.

21.5.5 OSU/ APEX Test Program

The staff is still reviewing the Oregon State University (OSU) Advanced Plant
Experiment (APEX) test program. Completing this roview was identified as DSER
Open Item 21.5.5-1. In addition, the NRC is conducting a confirmatory testing
program in the OSU/ APEX facility. Insights from those confirmatory tests that
bear upon integral system behavior in general, and facility response in

j particular, are being factored into the test program review. The staff has
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_

already discussed specific concerns with Westinghouse, and have issued Pals.
These concerns include (but are not limited to) the following:

A check valve was installed improperly in the facility. This error*

permitted flow between the two direct vessel injection (DVI) lines, which
was not quantified. The effect of this unmeasured flow must be

'

'

evaluated.

.

Several typas of oscillations, during various phases of the tests, were
*

noted during Westinghouse's program. Further investigation of these
phenomena indicated that some may be related to specific aspects of the
facility's design, and that others could be representative of AP600

. phenomena. The oscillatory phenomena, their causes, and any implications
.

with regard to reactor safety system performance needs to be evaluated.
|

:

;
'

Any additional insights from NRC's confirmatory test programs that bear upon
integral system behavior will be factored into the AP600 final review.
Consequently, DSER Open Item 21.5.5-1 remains unresolved.

'

Review of the final data report is essentially complete, with the exception of
Westinghouse response to staff RAls. Review of the test analysis report began
in late 1995 and several RAIs were issued in early 1996; the TAR review and
issuance of associated RAls should be completed by mid-1996. This has been
previously identified as DSER Open Item 21.3.5-2.

The final version of the scaling report has been submitted to the NRC, but
response to several'RAls remains outstanding. The staff cannot complete its
review of the OSU final scaling report until the remaining RAI responses are
received and reviewed. This has been previously identified as DSER Open
Item 21.3.5-1.

21.5.6 SPES-2 High-Pressure, Full-Height Integral Systems Test Program

Completing the staff's review of the SPES-2 testing program was identified as
DSER Open Item 21.5.6-1. Pending review of the " scaling closure" report, the
staff's review of this program is complete. The staff has designated
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completing review of the scaling closure report as SDSER Open
Item 21.5.10.1-1. DSER Open Item 21.5.6-1 has been subsumed into SDSER Open !

Item 21.5.10.1-1, and is, therefore, closed. As discussed previously, the I

staff has not reviewed the SPES-2 pretest predictions, since they were
performed by Ansaldo using RELAP5/M003. The RELAP code is being used by the
NRC to perform audit calculations of both test facility experiments and AP600

accidents and transients; however, it is not one of the codes being used by
Westinghouse for AP600 design certification analyses, and the pretest
predictions are thus, to some extent, irrelevant as far as review of the AP600
testing and analysis programs. Test observations indicated that the facility
appeared to operate predictably and there were few surprises. All of the,

tests represented " design basis" accident scenarios (including a single active
failure), with the exception of one multiple steam generator tube rupture
(SGTR) test, and one test that included use of (simulated) non-safety systems
to assess potential adverse systems interactions. All tests concluded when
stable IRWST injection was established; that is, there was no attempt to,

represent long-term cooling, as was the case in the OSU/ APEX tests. All of
the tests simulating design-basis small-break LOCAs ended with the SPES-2

facility fully depressurized, and with the core covered and cooled using IRWST
injection. The test with non-safety systems simulated did not fully
depressurize; use of the simulated normal residual heat removal (RHR) system
as a low-pressure injection system prevented the CMTs from draining to the
ADS-4 level setpoint.

For the non-LOCA tests (SGTRs and main steamline
break), the system stabilized at elevated pressures. CMT injection in the
recirculation mode was successful in adding coolant inventory without reducing
CMT levels to the ADS-1 setpoint; thus, no depressurization occurred in these
tests. No core heatup was observed during any of the tests. Oscillations
were observed during several of the tests, and were especially persistent
during the SGTR tests; however, the reactor vessel liquid levels were well
above the top of the simulated core. The staff asked Westinghouse to address
this behavior in RAls 440.417 and 480.242; Westinghouse's responses to these
RAls provide plausible explanations for the observed phenomena, thereby
satisfactorily addressing the staff's concerns.

The primary issues to be addressed by the SPES-2 tests were related to

integral systems behavior, especially at elevated pressures beyond those
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covered in the OSU/ APEX experiments. Some examples of these issues follow:

O systems response and systems interactions in the early stages of design-basis
accidents, including transition from CMT recirculation to CMT draining;
accumulator injection; effects of early stages of depressurization; and, for

) non-LOCA transients, ability of the system to come to a stable condition at
; elevated pressures. The staff reviewed in detail the FDR and the TAR, and

issued RAIs 440.417 - 440.430, 440.528 - 440.540, and 480.225 - 440.242

dealing mainly with clarification of Westinghouse's interpretation of thermal-
hydraulic phenomena occurring during SPES-2 testing, and evaluation of the
effect of distortions in the test facility response as a result of
atypicalities in the SPES-2 configuration as compared to the AP600. The staff.

has reviewed Westinghouse's response to the referenced RAIs and has determined

that Westinghouse has acceptably addressed the staff's questions and concerns.
Therefore the staff's reviews of the FDR and TAR and of Westinghouse's
responses to these RAIs support the conclusion that the SPES-2 test program
accomplished its objectives and that Westinghouse has developed a database
that addresses the issues raised by the staff. Also, as has been true with
the APEX test program, insights gained from NRC-sponsored AP600 confirmatory

O' testing in both the ROSA-AP600 facility and in the OSU/ APEX facility were
considered in the SPES-2 evaluation. Therefore, on the basis of its review of
the test program reports and RAI responses, the staff has determined that the

SPES-2 testing program is acceptable, subject to the resolution of SDSER Open
Item 21.5.10.1-1.

21.5.7 Wind Tunnel Test Programs
.

Phase 1

As indicated in WCAP-13294 (" Phase 1 Wind Tunnel' Testing for,the Westinghouse
AP600 Reactor"), pressure measurements taken during Phase 1 $dicate that

there was a net positive pressure difference, with substantial fluctuations,
between the . inlets and the chimney for many of the test cases.

Experimentation determined that this difference could be somewhat reduced by
adjusting the configuration of the inlet vent. The pressure difference was
relatively insensitive to the height of the chimney and adjacent turbine
building, but installation of the chimney cap resulted in noticeably smaller
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mean pressure differences, still with substantial fluctuations. The presence ;

of the cooling tower increased the fluctuating component of the pressure !
difference for those tests in which it was upstream of the containment. |

|
Phase 2,

The main results of the Phase 2 tests, documented in WCAP-13323, indicated
that flow non-uniformities existed around the building circumference and as

|
far as two-thirds of the way down the shield suilding annulus for one of the I

chimney designs. However, very little annular flow was observed for the other
chimney design tested. The peak pressure differences between the inlets and
chimneys occurred for 1 to 5 seconds, and the cooling tower caused a
significant increase in the fluctuations of the measurements.

For cases involving higher wind speeds of 483 km/h (300 mph), the staff
addressed the acceptability of the tornado loads on the containment shell and
air baffle in DSER subsection 3.3.2.3. The Phase 2 tests, documented in WCAP-
13323-P, were used to determine wind pressure loads on the containment vessel
and air baffle for the design-bases wind and tornado. These pressures will be
considered in the design of the containment (see DSER section 3.8.2) and air
baffle (see DSER section 3.8.4).

Phase 4A

As indicated in WCAP-14068 (" Phase IVa Wind Tunnel Testing for the

Westinghouse AP600 Reactor"), data from these tests show that at higher wind
tunnel flows, the test results became insensitive to changes in the Reynolds
number. To account for differences in results taken in the range between the
Reynolds number used for the main tests at the University of Western Ontario
and the Reynolds number above which the results do not change, the mean and
peak baffle wall and inlet-minus-chimney pressure coefficients for the Phase 2
tests were adjusted by a factor determined from the Phase 4A data. The data
also indicated that the presence of the cooling tower resulted in substan-
tially lower mean loads but larger peak loads on the baffle. However, the
increase in the peak loads was determined by the experimenters to be small

O
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enough as to not warrant adjustment of the Phase 2 data to reflect the
presence of the cooling tower (WCAP-14068).

Baffle loading under simulated tornado conditions was found to be lower than
that under normal conditions due to a reduction in the unsteady component of
the pressure difference across the baffle. The tornado loads were also
enveloped by the hurricane-induced loads determined in the Phase 2 tests.
Westinghouse concluded the hurricane-induced loads were conservative for
determining baffle-wall loading under tornado conditions.

. ,

Phase 48

As indicated in WCAP-14091 (" Phase IVb Wind Tunnel Testing for the
j

Westinghouse AP600 Reactor"), for most configurations of the Phase 48 tests,
the largest peak inlet-minus-chimney pressure varied little from the base

j

In the river valley case with a cooling tower, the inlet-minus-chimneycase.

pressure difference increased by a factor of 1.14 over the base case for a
small range of wind angles. Westinghouse concludes in WCAP-14091 that the

baffle loads determined from the base case are bounding, except for the case
of the river valley with two cooling towers.

The report also states that the effect of mountains or an extra cooling tower
is a reduction the inlet-minus-chimney pressure difference for those wind

directions with the mountains or cooling towers upstream of the plant. In all
such cases, the mean difference remains positive.

4

i

The most negative fluctuation in the inlet-minus-chimney pressure difference
occurred for certain incoming wind angles in the case of a river valley

- terrain with one cooling tower, with the pressure difference negative
68 percent of the time versus 4.5 percent for the base case. Westinghouse
Report PCS-T2C-059 (" Analysis of AP600 Wind Tunnel Testing for PCCS Heat

Removal") indicates that the addition of a second cooling tower has little
effect on the fluctuations or pressure difference.

The staff requested Westinghouse to identify whether the AP600 containment is
wind-neutral, wind-positive, or wind-negative. (The containment can be
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characterized as either wind-neutral, wind-positive, or wind-negative
! depending on whether external winds have no effect, assist, or hinder,

respectively, buoyant flow in the annulus.) This question was identified as
OSER Open Item 21.5.7.4-1. According to the American Society of Heating,
Refrigerating, and Air Conditioning Engineers, Inc. (ASHRAE), pressure
fluctuations on the outside of a structure can be caused by other upwind

.

; structures and terrain irregularities. Such fluctuations generally last from
one to several seconds. The magnitude and direction of the differential
pressure across openings in a structure (the downcomer and annulus of the PCCS
in the case of the AP600) can depend on the configuration and size of the
openings (ASHRAE, 1985).

'

In Report PCS-T2C-059, Westinghouse presents an analysis of the effect of
oscillating inlet-minus-chimney pressure differences on the AP600 containment
LOCA response. The Westinghouse analysis reasons that the time constant which,

characterizes the vessel shell respons:: to heat transfer in the annulus, and
that which characterizes the shell heat capacity relative to its conductivity,
are both longer than the period of pressure fluctuations observed in the wind
tunnel tests (255 and 69 seconds, respectively, verrys several seconds for the
period of pressure fluctuations, as indicated in Westinghouse Report
PCS-T2C-059). The stated period of the pressure fluctuations is on the order
of those cited from the ASHRAE reference in the preceding paragraph.
Westinghouse concludes from these observations that the response of the
containment shell and the temperature on the inside surface of the vessel
would be relatively unaffected by external pressure fluctuations.

For cases involving lower wind speeds, corresponding to lower frequency
pressure oscillations, the inlet-minus-chimney pressure differences are
correspondingly much lower. Westinghouse concludes that such pressure
differences would not have a significant impact on PCS heat removal, since
lower pressure differences result in reduced forced flow in the annulus.

The analysis also contains an investigation of the effect of pressure
oscillations applied to the chimney of the AP600 WG0THIC model. The data used

for input came from the river valley with one cooling tower test
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configuration, which contains the highest percentage of negative inlet-minus-
chimney pressure differences (on a time basis) of all the test cases. The

containment pressure response to a LOCA was calculated with MG0THIC for
various external wind speeds, most of which used a forced-convection heat
transfer correlation in the annulus. This is considered conservative since,
as' stated in report PCS-T2C-059, there is a tendency to underpredict heat
transfer when flow in the annulus is reversed and the velocity in the annulus
temporarily passes through zero because of pressure oscillations. During
those periods of zero velocity, a forced convection heat transfer correlation
predicts zero heat transfer when, in actuality, some heat transfer would occur
due to natural convection.

The analysis indicates that oscillating inlet-minus-chimney pressure
differences slightly Screase heat removal from the containment, thereby
slightly decreasing the calculated pressure. For wind profiles representative
of different terrains, such as open country terrain, the report indicates that
the mean pressure difference is above zero and, therefore, tends to enhance

. forced-convection heat transfer. Westinghouse concludes from these studies
that a conservative calculation of the containmenti response to a LOCA or MSLB
should include the assumption of no imposed wind conditions, and states that
this methodology is used in the latest SSAR analysis (Rev. 5).

The staff reviewed Westinghouse's methodology for assessing the wind-
neutrality of the AP600 containment and as discussed above finds both the
conclusion that no imposed wind conditions is conservative for the AP600

containment LOCA analysis and the decision to use this methodology in the
design-basis analysis acceptable. Therefore, DSER Open Item 21.5.7.4-1 is
closed. However, the staff emphasizes that the acceptability of the convec-
tion heat transfer model used in the annulus, and the review of the MGOTHIC
code, are still open items as identified Section 21.5.8 and 21.6 of this
supplement.

O
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21.5.8 Passive Containment Cooling System Test Program |
|

Noncondensibles. Mixina and Stratification

During the witnessing of LST Test 220.1, the staff noted that there are only
four gas sampling ports for measuring and sampling the internal vessel
atmosphere for noncondensible concentrations. The samples are taken at a
location approximately 15 cm (6 inches) from the vessel wall. These
experiments are not able to yield data that could be used to validate and
verify detailed three-dimensional spatial distribution of noncondensibles as
calculated by computer programs such as COBRA-NC or COMMIX. Only coarse
axial, integral results are available (e.g., a grab-sample noncondensible
concentration in and near the vessel dome versus near and below the operating
deck). Furthermore, the bomb sampling technique for sorting out the ratios of
steam concentration to those of air and helium is subject to its own
experimental uncertainties. In the test specification WCAP-13267 (" Test
Specification: Large-Scale Containment Cooling Test"), Westinghouse describes
a 4-percent uncertainty band in the air / steam ratio devices. The sampling
error is evaluated in WCAP-14135 (" Final Data Report for PCS Large-Scale
Tests, Phase 2 and Phase 3"). The reported error in the measurement of the
partial pressure of air is 7.1 kPa ( 1.03 psi) .

!
Westinghouse compared the measured to HG0THIC calculations of the air pressure
ratios (the air partial pressure divided by the total vessel pressure) for 9
of the 11 priority tests which were analyzed with the distributed parameter

,

|

model in WCAP-14382. In two of the tests, data were not taken. The helium ;

pressure ratio comparison is also provided for the test (219.1) with helium
addition. Two other Phase 2 tests (217.1 and 218.1) with helium injectior,
were not analyzed as part of the priority test matrix. Only three cases using
the MG0THIC lumped parameter model are provided for comparison of the measured

to calculated air pressure ratios. Two of these do not have companion
distributed parameter model analysis. No uncertainty bands are provided on
the plots for the measured values. Although the comparisons seem to show, in
a qualitative manner, reasonable agreement between the test data and the

analyses for the distributed parameter model, issues concerning non-
prototypicalities in the LST and the revised DBA evaluation model approach
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need to be resolved. For example, the isolation of the steam generatorO subcompartment from the other below-deck regions, which could lead to

different flow patterns (both forced and natural circulation) and different
'

distributions of noncondensible gases have been identified as SDSER Open
Item 21.3.8.5-le.

In August 1995, Westinghouse informed the staff that the AP600 DBA evaluation

model will be based on a conservative assessment of mixing and stratification.
Westin'ghouse is preparing a report on how m'ixing and stratification will be
treated in the AP600 DBA evaluation model; it is scheduled for submittal to
the staff in May 1996. An earlier report on mixing and stratification, Letter

'

NTD-NRC-95-4459 (" Report on Stratification and Mixing Effects on AP600 Passive

Containment Cooling System DBA"), was based on the Westinghouse methodology
before the change 1.n August 1995 to a conservative, bounding DBA evaluation
model.

In keeping with the new DBA approach, mixing and stratification will be.
'

treated in a conservative manner. The treatment of noncondensibles in the LST
program was identified as DSER Open Item 21.5.8-1. As previously addressed in
SDSER Open Items 21.3.8.5-lb and 21.3.8.5-le, the staff is still reviewing the !

| treatment of noncondensibles in the LST program and the assessment of the I
,

impact of noncondensibles on the prototypical.AP600. Additionally, the staff
is considering the treatment of mixing and stratification in the AP600 DBA i

; evaluation model, and the use of the LST data to support the evaluation model
as part of DSER Open Item 21.5.8-1. This item remains open.

'

d

'

PCS Water Coveraae Flow Rate

The staff observed that the 50-percent water coverage specified for the first
few hours of Test 220.1 was only a target. A 90 - 95 percent coverage seems
to be more representative of what was actually, on the average, achieved for
Test 220.1. Even this number is somewhat misleading, since during the test
large portions of the exterior dried out from time to time, so that the range
of water coverage was probably in the range of 40 - 100 percent. This was due
in part to what was occurring inside the containment, and in part to the .

'

variability in water pressure to the sprays hooked up to the facility's
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municipal water supply. Additionally, a technician simply took water striping
measurements with a ruler during the steady-state end-portion of the run. The <

staff is concerned with the uncertainty of experimental results which simply ;

state that the test was run with, for example, 95-percent striping.
{

During the May 1995 QA audit of the LST facility (NRC Inspection Report
99900404/95-01), the staff discussed water coverage with the Westinghouse Test
Engineering Group. Test 219.1 was discussed during the audit. As with other
tests, the staff noted that the water flow rate was not constant.

The valve that controlled water distribution flow was set to a predetermined
position (for Test 219.1 this was 10 percent of full flow for a target
coverage of 50 percent) at the start of a test on the basis of a data table
developed early in the test program relating the valve position to observed
striping. This table was developed for water coverage fraction specified in
the test target data matrix. The valve position was not changed during a test
to compensate for any change in the water coverage flow rate. The test

procedures and specifications did not address variations in the water coverage
;

flow rate as a potential problem.
|

The Westinghouse Test Engineering Group stated that its Containment and
Radiological Analysis Group acknowledged the disposition of test deviations

such as this and other deviations, including, for example, the lowering of the
steam flow from' .09 kg/see to 0.054 kg/sec (0.2 lb/sec to 0.12 lb/sec) for
Test 219.1. This issue is addressed in Section 21.7.1.6 of this supplement.

The staff is still reviewing the applicability of the water coverage test
results from both the water distribution and large-scale tests, as they relate
to the input used for the WG0THIC computer program for the AP600 Safety
Analysis Report. This was identified as DSER Open Item 21.5.8-2. The
acceptability of the water distribution, LST, and other test data for
validation of the coverage model used in the AP600 DBA analysis continues to
be a staff concern. Westinghouse needs to show that experimental uncertainty
in the data from these tests does not invalidate their use for determining
coverage fractions, or should show that sufficient conservatism exists in the
coverage model so that uncertainties in the data do not invalidate the model's
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;

DSER Open Item 21.5.8-2 remains open. Staff concerns regarding the
use.

fluctuations in the water coverage flow rate are addressed in SDSER Open
Item 21.3.8.5-le. The staff is also reviewing the specific model used for
establishing water coverage, the Zuber-Staub mcdel, for use in the WG0THIC
computer program, as discussed in Section 21.6.4 of this supplement.

Westinghouse has recently submitted the following three additional letter
reports which may address this issue:

1

1

Letter NSD-NRC-96-4643, dated February 12, 1996, " Accident Specification
*

and Phenomena Evaluation for AP600 Passive Containment Cooling System" !

,

Letter NSD-NRC-96-4646, dated, February 15, 1996, " Conservatism in
*

~

Modeling of the PCS Film in the DBA Evaluation Model and Comparison of
the Range of Films Parameters in the PCS Test Data with AP600"

Letter NSD-NRC-96-4649, dated February 16, 1996, " Westinghouse Responses
*

to NRC Requests For Additional Information on the AP600"

O
The staff is reviewing these three reports.

Internal Velocities,

The staff expressed concern with the following instrumentation provided in the
LST facility to measure the velocity of the atmosphere internal to the

;

containment vessel:

three anemometers - Pacer, Model APT 275 Vane, 0 - 2419 m/ min (0 -
*

7935 ft/ min)

two anemometers - H6ntzsch Instrumer,ts, 0 - 914 m/ min (0 - 3000 ft/ min)
+

The three Pacer models failed during testing, and it was explained that they
had generally measured the same range of values: 152 cm (5 ft) to 244 cm
(8 ft) per second. The H6ntszch meters failed during the high-capacity
blowdown testing. The internal velocity is important to the condensation of
steam on the containment wall and more data is needed to quantify the mixed-
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convective flow field. This concern, which could be of importance in the
scaling of results to predict the prototypical containment performance, was '

iden'tified as DSER Open Item 21.5.8-3.

During the QA review of the LST facility (NRC Inspection Report
99900404/95-01), the staff determined that the judgement of Westinghouse's
analysis group on internal velocities was that the measurements obtained give
an indication of local bulk velocity along the vessel wall which is useful,
although not necessary, in the validation of HG0THIC. It was also known that
the instrumentation might not survive the test conditions.

In August 1995, Westinghouse informed the staff that the AP600 DBA evaluation
model would no longer be based on the use of the mixed-convection correlation.
The analysis will now be based on a bounding, conservative approach and the

use of free convection for mass and heat transfer inside containment. A
multiplier will be applied to the correlations in the experimental database to
ensure that the correlation bounds the data (Letter NTD-NRC-95-4570, " Bases

for AP600 PCS Mass Transfer Correlation Biases").

Since the August 1995 change in the AP600 DBA evaluation model, which will use

free-convection correlations for the mass and heat transfer on the vessel
interior wall, the need to accurately predict the interior velocities for
validation of the MG0THIC computer program mixed convection model is not a
significant concern. The concern remains that the LST test program provides
sufficient information to assist in the development of a conservative,
bounding analysis, as identified in SDSER Open Item 21.3.8.5-lb and SDSER Open
Item 21.3.8.5-le. As such, DSER Open Item 21.5.8-3 remains open until the
scaling and PIRT issues are resolved.

Condensate Formation Inside Containment

Another area of staff concern is that of the measurement of condensate forming
within the containment vessel. Condensate is collected from five regions:
girder, inside vessel sidewall, rain (collected on a lower horizontal plane),
inside vessel (below deck), and a simulated steam generator section. Although
these were intended to be measured individually, their flows were combined

.
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into two measuring tanks only, thus losing the identification of their
The measurement of condensate forming within the containment vesselsources.

must be considered when addressing the question of the ability of the MGOTHIC
computer program to predict containment performance. This concern was

,
'

identified as DSER Open Item 21.5.8-4.

In WCAP-14135, Westinghouse summarizes the condensation collection and data. '

Condensation collection for the Phase 2 tests directed the condensate from the
regions below the simulated operating deck going to one collection system and
the remaining condensate, from the three locations above the simulated
operating deck, to the second collection system. Phase 3 Tests 222.1, 222.2,
222.3 and 222.4 were used to obtain additional insights about the
condensation. The condensate discharges were realigned during various
steady-state portions of the tests. In Test 222.1, Westinghouse found that
about 3 to 4 percent of the condensate was from the combined rainfall and
regions below deck with the remainder evenly divided between the dome and
vessel sidewall. It was determined that 61 percent of the condensate
collected on the dome in Test 222.2 during the final collection period; 56 to
58 percent of the condensate was generated on the sidewalls in the last two
steady-state portions of Test 222.3. In Test 222.3, it was noted that erratic
steam flow lead to an 18 - 26-percent difference between the condensate and
average steam flow measurements during the first three periods of this test.
Finally, in Test 222.4, the Westinghouse Test Engineering Group provided a

caution on the use of the condensate distribution data. During two collection
periods, the mismatch between the steam flow and condensate flow showed
18 percent more condensate flow than steam flow.

In Letter NTD-NRC-95-4463 (May 15, 1995), Westinghouse submitted "AP600,

Testing Program Report: Large-Scale Test Data Evaluation (PCS-T2R-050)."
There are no conclusions presented on condensation in this report.

In WCAP-14382, the total measured to predicted condensate flow rates are

compared for the priority test analyzed with the distributed parameter model.
No data comparisons are provided for the individual measurements for Test
222.4, the only Phase 3 test which isolated the condensate flows. In
WCAP-14315 (" Final Data Report for PCS Large-Scale Tests, Phase 2 and
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Phase 3"), Westinghouse assesses the overall data quality and roughly compares
i the system heat balance as evaluated using the following three methods:

condensate mass flow rate*

external heat loss (water, air and radiant)*

heat flux across the vessel wall*

The comparison suggests that the condensate mass flow rate overestimates the,

heat removal when compared to the other two methods. This topic was discussed |
.

; at the December 6 - 7, 1995 meeting with the staff, as documented in an NRC
meeting summary dated December 27, 1995. Westinghouse indicated that it would
review the heat balance analysis to address the concern. The staff considers
this commitment to be part of DSER Open item 21.5.8-4 and therefore, this item,

remains open.
,

Air Annulus Instrumentation

:

Lack of adequate instrumentation in the annular region is a concern since
! initial results obtained by the staff using the CONTAIN computer program show

|
that evaporation from the exterior liquid film controlled the performance of4

'

LST Test 212.1. The lack of adequate instrumentation in the LST annular
region makes it difficult to evaluate the evaporation rate from the contain-

' ment shell. This concern was identified as DSER Open Item 21.5.8-5. !

I

In WCAP-14382, Westinghouse compares the measured to predicted external excess,

flow rates for the priority test analyzed with the distributed parameter
'

model. The external excess water was collected in an external gutter mounted
on the LST vessel and was measured with a flowmeter. No uncertainty bands are,

provided on the plots for the measures values. The fluctuating PCS water flow
rate is seen in the data, adding an additional level of complexity to the
interpretation of these data.4

,

;

In Letter NTD-NRC-95-4463 (May 15, 1995), Westinghouse submitted "AP600

Testing Program Report: Large-Scale Test Data Evaluation (PCS-T2R-050)." In
its evaluation of the large-scale PCS test data, Westinghouse concludes that
evaporation was the primary mode of heat removal from the outside of the

'

,
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vessel (approximately 75 percent of the total), followed by sensible heating
of the subcooled liquid film (approximately 17 percent of the total). The

remainder of the heat is transferred to the environment by convection and
radiation. Since evaporation is the predominate heat transfer mechanism and
the amount of water not evaporated was measured, the evaporation rate can be
inferred from the test data. Therefore, DSER Open Item 21.5.8-5 concerning
the lack of instrumentation for the LST annular region is considered closed.

Air Annulus Desj.2D

The LST model does not contain a downcomer region, and uses a chimney-
installed fan to model circulation in t,he annular region, both of which are
not prototypical of the AP600. Assessment of the impact of this design was
identified as DSER Open Item 21.5.8-6. Westinghouse submitted WCAP-14190 on

October 27, 1994. A full discussion on scaling is in Section 21.3.8.5 of this
supplement. Westinghouse is expected to submit a revised scaling analysis on
June 14, 1996. This item remains open.

Internal Heat Sinks

The staff is still reviewing the modeling of the long- and short-term heat
sinks, flow paths, and internal volumes in the containment, especially in
relation to their representation in HG0THIC. This was identified as DSER Open
Item 21.5.8-7. This item remains open. |

'

,

With regard to scaling, the LST facility and data need to be linked to the
AP600 prototype, and the effects of concrete as a heat sink and heat rejection
through the shell need to be addressed. The staff recognizes that
Westinghouse is in the process of completing its scaling efforts, and
anticipates that these issues will be considered in a future report.
Resolution of the LST scaling and PIRT issue has been previously identified as
DSER Open Item 21.3.8.5-1, which remains open.

p,
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21.5.9 Water Distribution Test Program

In the DSER and in Section 21.5.8 of this supplement, the staff identifies the I

treatment of uncertainty in the water distribution test data as part of Open
Item 21.5.8-2. Water " striping" (distinct strips of water flow) was measured

'

at steady state (approximately 10 minutes after initiation of flow) using a
ruler to determine the width of dry and wet patches of the test model.
Westinghouse counted an ares as " wet" only if active flow could be seen, and |

considered damp areas " dry" since they most likely would be dry if the shell
were heated.

|

The method of measurement and the assumptions made concerning wet and damp
areas could result in significant uncertainty in the experimental results.
Since water distribution test data will be used to validate the coverage model
used as input to MG0THIC, uncertainty in the coverage model could result in

errors in WG0THIC predictions of Ap600 DBA containment response. Although
Westinghouse's treatment of wet and damp areas would appear conservative, ti.is |

1

conservatism would only be of consequence if WG0THIC were a validated code,
that is, confidence in the code's predictive capabilities would already exist<

and any conservatism in code input parameters (such as coverage fractions)
would add to the conservatism of the code's pradictions. However, because

MGOTHIC is not yet validated for the AP600, the accuracy of input parameters
is important in identifying other sources of uncertainty in the code.

In the DSER, the staff expressed concern about the validity of the coverage
fractions used in the SSAR (Revision 2) WG0THIC analysis at times much later
than the 11 minute delay assumed in the analysis. In Revision 2 of the SSAR,
the coverage model assumed a 40-percent /60-percent /70-percent water distribu-

tion; that is, 40 percent on the containment dome, 60 percent on the region
between the first and second rings of weirs, and 70 percent on the sidewall,
and further assumed that water coverage does not exist until 11 minutes into
the transient, allowing for time to initiate the signal and to fill the
headers and weirs. The coverage fractions were then kept constant for the
duration of the analysis. The validity of the water coverage at much later
times following a DBA was identified as DSER Open Item 21.5.9-1. Westinghouse

needs to demonstrate the validity and conservatism, if applicable, of using
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i the same coverage fractions for all timos and of the 660-second time delay
|}* before initiation of PCS flow in the WG0THIC DBA analysis. DSER Open

Item 21.5.9-1 remains open.

\ In DSER Open Item 21.5.9-2, the staff stated that coverage fractions obtained
from the water distribution tests may not be representative of actual DBA

| conditions, since the tests were conducted.with an unheated surface. Under
actual DBA conditions, the vessel shell is heated by the energy released from

'

the accident, possibly resulting in different coverage fractions than those
) used in the SSAR DBA analysis. Although the LST employed a heated surface,
! the fact that the tests were not full scale and that considerable fluctuations
| were present in the water supply both tend to question the credibility of the'

data. Westinghouse needs to demonstrate how water coverage data obtained from
) an unheated surface can be extrapolated to represent film behavior on the
; AP600. DSER Open Item 21.5.9-2 remains open.
:

js

In the DSER, the staff also expressed its concern that the supporting arms of !
l

the baffle wall of the PCS, surface irregularities, and the possible effect of
foreign material clogging the weir were not accounted for in the WG0THIC

!; analysis. This was identified as DSER Open Item 21.5.9-3. The staff is
!

interested to know if and how the baffle-wall standoffs are treated in the
{ coverage model. These would seem to have a destabilizing effect on the film

flow and may change the stability margin, R,,,. The staff is also interested
:

to know if the degree of conservatism present in the coverage fractions
includes a reduction in PCS flow due to clogging of weirs with debris, a
situation that could be postulated to occur during the course of plant --

operation. DSER Open Item 21.5.9-3 remains open.i

,

In report PCS-GSR-003 (" A Method for Determining Film Flow Coverage for the
'

AP600 PCS"), Westinghouse provides a model for determining coverage values to
be used in the WGOTHIC analysis. The model, developed by Zuber and Staub

approximately 30 years ago (" Stability of Dry Patches Forming in Liquid Films
Flowing Over Heated Surfacts") contains terms that account for the film

momentum, surface tension, thermocapillary effects, and film potential energy.
Westinghouse added a static pressure term. The Westinghouse adaptation of the

'Q model attempts to mechanistically predict the onset of flow instability, a
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| phenomenon that could result in redistribution of the water film on the
:

surface. To apply the model to the AP600, Westinghouse introduces an

arbitrary parameter, referred to as the reference stability margin F,,,, to
determine the onset of flow instability and to account for surface

! irregularities. The mcdel is applied to four water distribution tests and all
of the LST to yield a value of R,,, which predicts the tests. To determine
coverage fractions for input to HG0THIC, Westinghouse uses expected initial
PCS flow rates and values of shell heat flux obtained from MG0THIC (assuming a
40/60/70 percent coverage distribution) as input to the coverage model.

i

On the basis of the model predictions, Westinghouse concludes that coverage
j fraction input to the MG0THIC model should be higher in the dome region and
! lower on the sidewall. In Letter NTD-NRC-94-4286 (August 31,1994),

Westinghouse addresses questions raised about the model, and forwards the

results of sensitivity studies which show that coverage can be reduced by a
factor of 2 without reaching the design pressure, if the value of R,,, is
appropriately adjusted. The present coverage values in the SSAR (Revision 5)
model are the same as those presented in Westinghouse Report PCS-GSR-003, with

the exception of the upper and middle dome, where lower coverage fractions are
used.

| In Letter NSD-NRC-96-4646 (February 15, 1996), Westinghouse addresses
| conservative assumptions used in the modeling of the evaporating film in
| MG0THIC. In particular, the following issues are covered in the report:

the conservatism of waiting 660 seconds following a DBA before applying*

| PCS water to the shell

a comparison of the range of parameters of the water distribution and*

other tests used to validate the coverage model to those expected in the
AP600,

1
,

1

the method used to determine a conservative, bounding value of the*

i parameter R,,, used in the coverage model '

O
t
\
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the method used to determine a conservative, bounding minimum PCS flow
*

rate for the DBA evaluation model

The staff is reviewing Letter NSD-NRC-96-4645 in the context of the open items
mentioned in this section. The staff recognizes that the information
contained in Letter NSD-NRC-96-4646 may address some or all of the items, and

j is aware of Westinghouse's August 1995 deci:: ion to perform a bounding analysis
of the AP600 containment response in lieu of the best-estimate approach of
earlier efforts. In that context, the staff will review responses to the open
items and any information provided by Westinghouse with particular attention
paid to the conservatism present in Westinghouse's treatment of them.

21.5.10 AP600 Scaling Issues

(1) Closure of Scaling Parameters Based oa Final Testing Analyses of Test
Programs for the CMT, ADS, PRHR, OSU/ APEX, and SPES-2 High-Pressure,

i Full-Height, Integral Test Programs

b
The staff has reviewed the scaling reports for the individual testing

j programs, as discussed in Sections 21.5.1, 21.5.2, 21.5.3, 21.5.5, and
i 21.5.6. Furthermore, the evaluation of the test programs and associated
i data included a review of the phenomena identification and ranking
| tables (PIRTs) developed for the AP600. The PIRTs identify and classify

in importance the thermal-hydraulic phenomena that must be included in

Westinghouse's analytical models, and for which data must, therefore, be
available to evaluate those analytical models. The staff has determined
that an overall " closure" document is needed to integrate Westinghouse's
test results, demonstrating that the test data cover an appropriate
thermal-hydraulic range, address the pertinent phenomena identified in

|- the PIRTs, and are consistent with assumptions made in deriving the!

j scaling parameters used to design the test facilities and to develop the
'

test matrices. Westinghouse has committed to submit this " closure"
report for review, and has submitted an outline of the wrt, which the

staff has reviewed and has found acceptable. Submittal of the scaling,

closure report is SDSER Open Item 21.5.10.1-1.

.
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(2) Scaling Analysis for the Large-Scale Test Facility

Westinghouse has performed a number of experiments to obtain data for

qualifying the MG0THIC computer program for performing AP600 containment
design calculations. The most significant tests for the MG0THIC computer
program validation itre the LSTs, which are the only integral systems
tests of the passive containment cooling system. There is a concern
regarding whether these tests include conditions sufficient to simulate
the operative phenomena identified in the phenomena identification and
ranking table (PIRT) and whether they cover a range of parameters
representative of AP600 design-basis events. The tests and facility also
have a large number of non-protai.ypical features which could distort the
data and affect scaleup of the tests to prototypical size, as discussed
in Section 21.3.8.5. '

|

L
In Letter NTD-NRC-94-4264 (July 1994), Westinghouse submitted the first

iteration of a scaling analysis which used the mass, energy, and momentum
conservation equations to derive dimensionless parameters for the heat '

and mass transfer processes occurring inside the containment. |

Specifically, the analysis addressed heat and mass transfer between the
steam emitted from the break and the pools and the solid surfaces in
containment. This preliminary scaling study did not model the heat sink
effect of the concrete, nor did it address the evaporative cooling of the
outer vessel wall or the scaleup of the LST facility to the AP600.
Westinghouse indicated in the report that these issues would be covered
in the second iteration of the scaling effort. I

The formal documentation of the second iteration of the Westinghouse
scaling approach is given in WCAP-14190. This approach was presented to
the staff in a November 1994 meeting and raised a number of issues and

In response to those comments, the Westinghouse scalingconcerns.

approach evolved. The current Westinghouse scaling approach was I

presented at the March 1995 ACRS thermal-hydraulics subcommittee meeting
(Advisory Committee on Reactor Safeguards, Thermal-Hydraulic Phenomena

Subcommittee, Rockville, Maryland, March 29-30,1995). Westinghouse has I

not formally documented the revised scaling methodology which replaces
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WCAP-14190.
'

A description of the current methodology, based on the

'

staff's interpretation of_the March 1995 ACRS presentation, is outlined
in Section 21.3.8.5 of this supplement.

In a December 6-7, 1995 meeting with the staff, Westinghouse provided a
,

status report on the scaling study. Westinghouse is now working on a '

scaling analysis that is based on similitude. In using the principle of )
similitude, basic dimensionless variables (referred to as x-groups) are
identified which are the governing variables for the phenomena; that is,
the phenomena are functions of the n-groups and preserving the value of
the r-groups ensures that the phenomena are unchanged by a change in
scale. The staff expects to receive this report on June 14, 1996.

21.6 Code Develooment and Oualification Efforts

Westinghouse has specified three reactor systems computer codes and one

containment system computer code for use in performing AP600 safety analyses.
The codes are

O\jt

LOFTRAN/LOFTTR2, for non-loss-of-coolant-accidents, such as steam*

generator tube ruptures (SGTRs) and main steamline breaks

NOTRUMP, for small-break LOCAs*

MCOBRA/ TRAC, for large-break LOCAs*

MCOBRA/ TRAC, for long term cooling*

MG0THIC, for containment systems performance*

Review of these codes is still in progress. Several generic open items were
identified in the DSER relating to the status of the review at the time the
DSER was issued. DSER Open Item 21.6-1 states that Westinghouse was expected

to submit details of the NOTRUMP validatiorc by the end of 1994. Westinghouse

has submitted a substantial amount of information on NOTRUMP since the DSER
. was issued. Based on the current review status, a number of new open items on
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NOTRUMP have been raised which are discussed elsewhere in this supplement.
Consequently, the staff considers that DSER Open Item 21.6-1 has now been

subsumed by the detailed open items in Section 21.6.2 of this supplement.
Accordingly, DSER Open Item 21.6-1 is closed.

'

Similarly, Westinghouse was expected to submit details of the LOFTRAN
validation by the end of 1994 per DSER Open Item 21.6-2. This open item has
also been subsumed by the new LOFTRAN open items contained in this supplement

.

and discussed in Section 21.6.1. Accordingly, the staff considers DSER Open
Item 21.6-2 closed.

1

.

DSER Open Item 21.6-3 requests Westinghouse to submit all remaining
documentation on MCOBRA/ TRAC by the end of 1994. Although significant

information has been provided to the staff on the operating plants version of,

WCOBRA/ TRAC, there is still a need for additional information on the details
of the analysis methodology for AP600. Due to recent changes in the,

Westinghouse approach for validating this code, the staff still considers DSER,

Open Item 21.6-3 open.
,

| The staff stated in the DSER that it was not aware of any specific reactor i

systems analyses connected to the design certification test programs using the ;

AP600 computer codes. Subsequent to issuance of the DSER, Westinghouse has
performed test program analyses using the AP600 computer codes. These j
analyses have been provided in preliminary verification and validation l

ireports, and, in the case of LOFTRAN, the final verification and validation j
.

report. DSER Open Item 21.6-4 requests Westinghouse to provide information on g

validation of AP600 analyses codes as part of the test program reports. The !
'

staff acknowledges that this information is being provided by the code
verification and validation reports and that the detailed open items provided-

i

in Section 21.6 of this supplement subsume this concern. Therefore, DSER Open !
Item 21.6-4 is closed. !

!

DSER Open Item 21.6-5 states that Westinghouse needs to demonstrate the !
4

acceptability of the data from the wind tunnel tests to establish the boundary
conditions input into HGOTHIC for the AP600 containment analysis. Although
significant information has been provided to the staff on MG0THIC, there is

i
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still a need for additional information on the details of the analysis
methodology for AP600. Therefore, the staff still considers DSER Open

'

Item'21.6-5 open.

DSER Open Item 21.6-6 states that Westinghouse needs to demonstrate the

acceptability.of the MG0THIC code for the AP600 containment analysis.
Although significant information has been provided to the staff on WGOTHIC,
Westinghouse recently submitted additional information that is under review
and additional information on the details of the analysis methodology for
AP600 is still needed as discussed in Section 21.6.5 of this supplement.
Therefore, the staff still considers DSER Open Item 21.6-6 open.

The staff's assessment of each computer code is provided as follows.

21.6.1 LOFTRAN/LOFTTR2 Computer code for non-LOCA Transients

|

' 21.6.1.1 Background

The " Standard Review Plan for the Review of Safety Analysis Reports for |
Nuclear Power Plants", NUREG-0800, (Standard Review Plan), identifies numerous

transient and upset conditions anticipated to occur in an operating nuclear
power plant. The effects of each of the transients and accidents must be
analyzed for a reactor design to ensure that the nuclear reactor does not
exceed limiting conditions for each class of accident or transient. The
different accidents and transients are classified with respect .to the
anticipated frequency of occurrence and severity of result permitted.

Generally, computer codes used for safety analyses are demonstrated to
!

conservatively predict important transient phenomena to ensure plant safety i

limits are satisfied. Such demonstrations require an analysis and review of
,

the construction of the computer code and its comparison to experimental data. j
In most cases the reviews and comparisons generate additional needs for |

information to clarify the models and assumptions. The computer code should
include a faitnful representation of the plant insofar as possible, and
require use of a minimum of engineering judgment to interpret plant phenomena.
The computer code should also demonstrate the correct or the conservative
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trends of an analysis when being considered for licensing. This can be done
by comparing the code to experimental data whenever possible. Such

comparisons demonstrate the conservatism and fidelity of the approach. They
may also indicate any weaknesses or shortcomings that need to be addressed.

Typically, different computer codes must be used to simulate the various upset
conditions. One set of codes will be used for neutron kinetics-based
excursions, another set for non-LOCAs, and another for accidents resulting in
major loss of coolant inventory with accompanying two-phase flow in the
reactor coolant system.

Transient analyses performed with LOFTRAN are conducted in conjunction with
the appropriate support code, such as FACTRAN for detailed fuel and heat flux
modeling, and THINC or WESTAR for calculating the departure from nucleate
boiling ratio (DNBR). These supporting codes have been previously reviewed
and approved and are applicable to the AP600 passive reactor design, since the
AP600 design conditions fall within the codes' range of validity.

LOFTRAN was developed to simulate transient conditions for which two-phase
flow in the reactor coolant system is not significant. The code, in an
enhanced form, will simulate limited loss of coolant inventory anticipated to
occur in an SGTR event. Because of the nature of the AP600 passive reactor
design and the unique hardware component features of the design, the
previously approved version of LOFTRAN was modified for application to the
AP600 design by the addition of AP600-specific component models.

These component models have not been added to the flow and pressure network

solution implicitly in LOFTRAN, but rather, they communicate through explicit
boundary connections to the code. Thus, these models need to be reviewed and
checked for their stability and accuracy in regard to their interaction with
the main numerics, which include implicit as well as explicit differencing,
along with numerical analysis techniques. Additionally, their comparison to
experimental data is extremely important in assessing the validity of the
complete system model.

O
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21.6.1.2 Summary of LOFTRAN and Topical Reports

O
Westinghouse submitted LOFTRAN to the NRC by Letter NS-SL-453 (October 11,
1972). LOFTRAN is a thermal-hydraulic computer program developed for analysis
of the transient events discussed in Chapter 15 of the standard safety
analysis report (SSAR) for which there is no loss of reactor coolant system
inventory. The transients for which LOFTRAN is applicable are identified in
the phenomena identification and ranking table (PIRT), Table 21.5, discussed
below. LOFTRAN was subsequently modified to improve the steam generator

secondary side model, add a break flow model to represent a tube rupture, and
improve the logic system to represent operator actions. This enhanced, or
specialized, version of the code is referred to as LOFTTR2.

LOFTRAN is designed to simulate the behavior of a multiloop pressurized water
reactor (PWR) system by modeling the reactor core, the reactor pressure
vessel, the hot- and cold-leg piping, the steam generators, the pressurizer,
and the reactor coolant pumps.

The staff approved LOFTRAN for licensing basis transient analyses in a letter
to Westinghouse dated July 29, 1983.

Westinghouse confirmed the applicability of LOFTRAN to the AP600 passive plant
design in WCAP-14234 ("LOFTRAN & LOFTTR2 AP600 Applicability Document").

Assessments of the component models added to LOFTRAN were sui >mitted through

numerous preliminary verification and validation (PV&V) reports. The final
assessment of the applicability of LOFTRAN to the AP600 plant design was
submitted in the final verification and validation (FV&V) report, WCAP-14307
("AP600 LOFTRAN-AP and LOFTTR2-AP Final Verification and Validation Report").

The staff has issued numerous requests for additional information (RAls) on
the material in the PV&V reports as well as the FV&V report. At the time this

)
supplement was developed, Westinghouse had not submitted responses to all the i

staff RAls. The staff cannot complete its assessment of the component models
added and of the performance of LOFTRAN until it has reviewed the responses to
all outstanding RAls.

{O
N
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g Table 21.5*w
g Phenomena identification and Ranking Table for AP600

1

Non-LOCA and Steam Generator Tube Rupture Design Basis Analyses

Cw.penent & system (1) (2) (3) (4) (5) (6) (7) (8) (S) (10) (t il (12) (13) (14)phenomena FW ELI SLB Inad LOL Loss FLB Loss LR SUIL RWAP Inad RCS SGTR
Malf PRHR AC& RCS & CMT Dep

LONF Flow BS o,

CVS

Critical flow N/A N/A H N/A N/A N/A H N/A N/A N/A N/A N/A M H

Vessel
ru

7 Mixing H L H H L M M L L H L M L Me
o

Flash in upper head N/A N/A M L N/A L L N/A N/A N/A N/A L L L

Core
.

Reactivity feedback H M H H M L M M M H M L L L

, Reactor trip H L H H H H H H H H H H H Hl

Decay heat L L L H L H H L L L L H L H

Forced convection H H H H H H H H H H H M H L

Natural circulation flow

and heat transfer M L H H L H H L L L L H L M

RCP Coastdown

I performance L N/A L L L L L H H N/A N/A L L L -

!

l
I

!

{
,

G 9 8,
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g Tatde 21.5* (continued)cng Phenomena identification and Ranking Table for AP600
,g Non-LOCA and Steam Generator Tube Rupture Design Basis Analyses

$ 1

'

Pressurizer

Pressurizer fluid level L L M M L M L L L L L g L g

Surge line

pressure drop L L L L H L L M H L L L L L
i

,

Steam generator

Heat transfer H H H L H H H L L L M L L M
,

Secondary conditions M L H L L M M L L L L L
'

L H

RCS Well stored heet L L L L N/A L L N/A N/A L N/A L L Mro

Y CMT Recirculation injection N/A N/A H H N/A H M N/A N/A N/A N/A H N/A L8
Gravity drain injection N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Vapor

condensation rete N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Belence line

pressure drop N/A N/A H H N/A H M N/A N/A N/A N/A H N/A L

Balance line initial
I

temperature N/A N/A H H N/A H M N/A N/A N/A N/A H N/A L
distribution

Accumulators

injection flow rete N/A N/A M N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A !

.PRHR Flow rete

and heet trenefer N/A N/A L H N/A H H N/A N/A N/A N/A H N/A H
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Notes:

(1) FW Malf -

Feedwater malfunction that results in a decrease
in feedwater temperature or an increase in
feedwater flow

(2) ELI - Excessive increase in secondary steam flow
(3) SLB Steamline break-

(4) Inadvert PRHR - Inadvertent operation of the PRHR system
(5) LOL - Loss-of-secondary-side-load events
(6) Loss AC & LONF - Loss of ac power and loss of normal feedwater
(7) FLB Feedline break-

(8) Loss of RCS Flow - Loss of forced RCS flow
(9) LR & BS Locked RCP rotor and broken RCP shaft-

(10) SUIL - Startup of inactive RCP at an incorrect
temperature

(11) RWAP Withdrawal of a rod cluster control assembly at-

power

(12) Inad CMT or CVS Inadvertent operation of core makeup tank or-

chemical and volume control system
(13) RCS Dep - Inadvertent RCS depressurization
(14) SGTR - Steam generator tube rupture
N/A Not applicable-

H High-

M - Medium

L - Low
|
|

|

!

O!
,
t
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21.6.1.3 Phenomena Identification and Ranking Table
b

It is important to identify all physical phenomena that will occur in the
AP600 under the accident conditions.of interest to ensure that the important
physical processes and phenomena have been modeled. .One method of

identification is through the development of a phenomena identification and
ranking table (PIRT). The PIRT methodology provides a framework where

physical processes and phenomena in a specific hardware geometry under
anticipated accident sequences are first identified and then ranked in terms
of their importance to the course of the analysis. A PIRT is generally
developed from expert opinions provided by a group of knowledgeable analysts.
The use of a group of experts, rather than a single analyst, increases the
chances that all important phenomena have been identified and included in the

PIRT, and that the rankings have accurately characterized each specific
phenomena as being of high, medium, or low importance to the integral
quantities of interest. A properly established PIRT will serve as a road map
through a transient, identifying and ranking the important phenomena and-
functions necessary to predict and deal with each phase of a transient. The

.PIRT for the AP600 non-LOCA transients submitted in WCAP-14234 is shown in
Table 21.5. The Westinghouse PIRT agrees with the NRC PIRT, developed as part
of the review and confirmatory process, for the phenomena of importance in
each transient. The staff finds the PIRT developed for the accidents and
transients for which LOFTRAN is used to be applicable.

Differences exist between the Westinghouse PIRT and the NRC PIRT. The

Westinghouse PIRT is much more extensive in the depth of coverage of the non-
LOCA transients. The staff finds the Westinghouse PIRT acceptable for non-
LOCA transients.

Review of the SGTR transient shows that the NRC PIRT ranks the importance of
upper head flashing as medium (M) while the Westinghouse PIRT ranks the
importance of this phenomenon as low (L). The staff notes that calculations
indicate that the upper plenum of the vessel stays subcooled with up to ten
tubes ruptured, which is beyond the design-basis analysis. Therefore, this
difference in the PIRTs is acceptable.
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The NRC PIRT ranks the importance of balance line initial temperature

distribution as medium (M), whereas the Westinghouse importance ranking is low
(L). The code explicitly accounts for the initial temperature distribution;
therefore, the difference in ranking does not affect the analysis and is
acceptable.

21.6.1.4 Evaluation of LOFTRAN Analytical Models

The analytical models in the approved LOFTRAN have not been altered or j

modified for application of LOFTRAN to the AP600 passive reactor design.
LOFTRAN, as approved, models the reactor primary and secondary coolant
systems. The primary coolant system is modeled as a reactor core and vessel,
hot- and cold-leg piping, pressurizer, and the reactor coolant pumps. The

secondary coolant system is modeled as a steam generator, tube and shell i

sides, with main steamline and feedwater line piping.

1

The reactor core kinetics model is a simple point neutron kinetics model,
using six delayed neutron groups, capable of calculating reactor feedback

{
effects and scram reactivity. The fuel model permits calculation of decay
heat, matching the ANS Standard (1971) + 20 percent decay heat curve, and
DNBR.

|

The reactor coolant thermal-hydraulic system is represented as a nodal model
specified by the user. The momentum equation is solved for flow, friction
pressure losses, elevation heads, pump head, and fluid momentum. The reactor
coolant pump homologous curves are input by the code user. The pressurizer
model treats the pressurizer as a two-regio;i (steam and water) node. A
variable volume model is used to simulate the potentially varying level during
a transient.

The primary side of the steam generator is treated as a multiple node system,
while the secondary side is treated as a single node with a saturated steam

and water mixture. The steam and feedwater lines can be treated as isolated,
or failed to isolate, or in the case of a break, the Moody correlation can be
used to compute the break flow.

AP600 SDSER 21-94



r

Major control systems are also included to simulate the response of the
control systems and operator actions in transients and accidents.

The staff requested additional information on the applicability of several of
the phenomenological models in the approved version of LOFTRAN to the thermal-

hydraulic. conditions anticipated in the AP600 design. The staff concerns
included the pressurizer location, wall friction, global pressure location,
compressibility effects, reverse flow, and heat transfer options.

,

;
Westinghouse has yet to submit all responses to RAIs for staff review. The I

staff cannot complete its determination of the adequacy of the analytical |

models in LOFTRAN for application to the AP600 passive reactor design until it
has received and reviewed responses to the outstanding RAIs. This is SDSER
Open Item 21.6.1.4-1.

.

21.6.1.5 Evaluation of LOFTRAN AP600 Component Models

Hardware component-specific models were added to the approved version of
LOFTRAN to represent the AP600 unique hardware features. The following
component models were added:

automatic depressurization system*

core makeup tanke

passive residual heat removal heat exchanger*

in-containment refueling water storage tanke

21.6.1.5.1 Automatic Depressurization System

The automatic depressurization system (ADS) is designed to depressurize the
reactor coolant system (RCS) to values near the prevailing containment
pressure to enable gravity injection from the in-containment refueling water
storage tank (IRWST). Three stages of the ADS come off the top of the
pressurizer; the fourth-stage ADS paths are connected to the hot legs. The
first-stage ADS is actuated when 33 percent of the liquid in the core makeup
tank (CMT) has drained, resulting in the initiation of depressurization of the
plant via the ADS valves to the IRWST. The second- and third-stage ADS valves
open based on timers that are started with the actuation of the first stage.
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If the CMTs continue to drain and the volume reaches 20 percent, the fourth-
|

stage ADS valves, located on the hot legs, open directly to the containment to
|

facilitate depressurization to the containment pressure.

Westinghouse notes that the ADS is not required for non-LOCA and steam
I

generator tube rupture events. Detailed modeling of the ADS is not done
except to simulate an inadvertent opening of an ADS stage. The slow opening
response of the ADS valves is simulated in LOFTRAN by use of the pressurizer
relief valve model, modified to represent a slower opening ADS valve. The
relief valve model has been further modified to permit the analyst to specify
not only the opening time, but also the valve flow area as a function of time.

|

21.6.1.5.2 Core Makeup Tank

Two CMTs are connected to the RCS by normally open isolation valves on the
cold-leg balance lines and normally closed isolation valves on the CMT
discharge lines. The CMTs provide high-pressure gravity-driven borated

coolant injection into the RCS to provide reactivity control and core cooling.
The CMT discharge valves open on a safety (S) signal and remain open. During
normal operation, the CMTs and the cold-leg balance lines are completely
filled with liquid.

The CMT system is represented in LOFTRAN by 15 fluid nodes for the CMTs, 8
nodes for the injection line, and 3 nodes for the balance line between the
cold leg and the CMT. Heat transfer from the tank metal walls is modeled by
one heat slab per fluid node (total of 15). Boron is tracked on a node basis
in the piping and on a tank average basis in the CMT fluid nodes. Mass and
energy are transferred from node to node in the CMT model by use of the
LOFTRAN slug flow model.

21.6.1.5.3 Passive Residual Heat Removal System

The passive residual heat removal (PRHR) system is a C-shaped, single-pass,
downflow heat exchanger submerged in the IRWST. The system inlet connects to
the top of the horizontal hot-leg section containing the pressurizer loop.
The system outlet is connected to the bottom of the pressurizer loop steam
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generator outlet plenum. Normally closed isolation valves open to actuate the
system.

'

The LOFTRAN model of the PRHR can consist of 45 nodes in 5 regions. The PRHR

piping from the hot leg is represented by two nodes, the inlet header piping-

'

and inlet channel head by a single node, the outlet channel head and outlet

{ header piping by a single node, and the outlet piping to the steam generator
i outlet plenum by two nodes. The PRHR heat exchanger tubes are broken down

into 22 nodes: 5 horizontal nodes at the top of the heat exchanger,12
I

vertical nodes, and 5 horizontal nodes at the bottom of t'he heat exchanger.
i

! 21.6.1.5.4 In-Containment Refueling Water Storage Tank

!
The in-containment refueling water storage tank (IRWST) is a source of water

,

; for gravity feed injection into the RCS once RCS pressure has been reduced to
i values near the containment pressure. The IRWST also serves as a heat sink

for the removal of heat via the PRHR system discussed above and as a discharge
; reservoir for the first three stages of the ADS. Condensation of steam in the

containment is a long-term source of water to the IRWST, which can then return
. to the RCS. Although not part of the IRWST, the containment sump is a second

"

4

| source of gravity fed coolant injection into the RCS over the long term.
t

The IRWST is modeled in LOFTRAN as a single fluid region. Initial conditions
; are input, and mass and energy are then tracked in the node as a homogeneous
j mixture. Once the fluid saturation temperature and pressure are reached,

steaming to the containment node is accounted for.
,

!
'

Westinghouse has submitted LOFTRAN simulations of component test data. The

staff requested additional information on the test data. It is reviewing the

| Westinghouse responses that it has received on the LOFTRAN comparisons.

: 21.6.1.6 Code Qualification
,

Qualification and assessment of LOFTRAN and its models is being conducted in
two areas: separate-effects tests and integral-systems tests. The combination

'

; of these tests, when properly applied, leads to overall conclusions regarding

AP600 SDSER 21-97;

:
*

- ..



__

;

the capability of a computer model to adequately predict the behavior o' a
nuclear power plant subjected to upset conditions.

l
l 21.6.1.6.1 Separate-Effects Tests

|

Assessment of LOFTRAN against separate-effects tests permits the isolation of
individual models in the code in such a way that the capabilities of the model

i can be determined while remaining within the context of the code.
|

gg l,

|

Assessment of the LOFTRAN CMT model was conducted by comparing code
predictions to the CMT test facility data. Results of the predictions
indicate that the LOFTRAN CMT model overpredicts injection flow rate in
single-phase natural circulation. The staff will have to examine, on a case-
by-case basis, the Chapter 15 transients analyzed with LOFTRAN to determine

conservatism of this model. When the flow is two phase, a buoyancy head
penalty is used because, as noted previously, LOFTRAN is not designed for
significant two-phase flow.

PRl8

Assessment of the LOFTRAN PRHR model was conducted by comparing code
predictions with PRHR test facility data. The LOFTRAN model simulated the
three-tube test configuration, along with appropriate test conditions.
Westinghouse notes that the analyst can select "the appropriate PRHR heat

transfer option in LOFTRAN" thereby either overpredicting or underpredicting
PRHR heat transfer. The staff has a concern regarding this level of
flexibility in analyst control of the predicted results. Westinghouse must

describe, in Chapter 15 of the SSAR, which PRHR heat transfer option it has
selected for each analysis in which LOFTRAN is applied and explain why the
option is conservative for that application. The staff will review the
acceptability of the selected option as part of its Chapter 15 review. This
is SDSER Open Item 21.6.1.6-1.

. O|

|
i
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The staff also notes that the PRHR model comparisons are based on data still

under review for acceptability. The acceptability of the PRHR model is,''

therefore, contingent on a finding that the PRHR data are acceptable. The
i acceptability of PRHR test data is discussed in Section 21.5.3 of this -1

i supplement. The use of these data for PRHR model evaluation is SDSER
Confirmatory Item 21. 6.1. 6- 1.- '

,

,

!

| 21.6.1.6.2 Integral-Systems Tests
i
,

) Integral-systems tests permit an assessment of the entire code, or a
representative set of the code's models, and its capability to predict the

; behavior of an entire system that is representative of a nuclear power reactor
design.

i
i

j Integral-systems tests conducted at the SPES-1 facility were used to assess
: LOFTRAN's capabilities for predicting natural circulation. Comparison with

; the results of Test SPNC-01 indicates that LOFTRAN was capable of predicting
the natural circulation flow rate to within 4 percent of the measured flow

j rate.
.

i A number of cases involving steam generator tube rupture (SGTR) at the SPES-2
facility were predicted using LOFTRAN. The response of the parameters
identified as having high importance in the PIRT, (Table 21.5), were predicted

j by LOFTRAN. The behavior of the CMT and PRHR systems during the SPES-2 SGTR

| tests were predicted well by LOFTRAN.

!
Main steamline break (MSLB) tests conducted at the SPES-2 facility were used
for assessing LOFTRAN. Overall, LOFTRAN was able to predict test trends,

j However, features of the test facility, such as steam generator thick metal
heat capacity and system heat losses, were not predicted correctly. Also, the

j use of conservative rather than realistic break flow modeling resulted in
j overprediction of the break flow rate and break flow quality. Overall,

| LOFTRAN test predictions appear to be conservative. Westinghouse needs to

| respond to all outstanding RAls as described below before the staff can reach

i a final conclusion.
i
lk
!
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21.6.1.7 Review Status
|

The staff cannot complete its review of LOFTRAN until it has received and
reviewed responses to the unanswered RAIs. This is SDSER Open !
Item 21.6.1.7-1. Westinghouse also needs to identify which information in the
RAI responses will be incorporated into the LOFTRAN FV&V report (WCAP-14307)
or the code applicability document (WCAP-14234). This is SDSER Open
Item 21.6.1.7-2.

The 15 unanswered RAIs address the following concerns:

Possible reverse flow in the pressurizer line.*

Loss coefficients for calculating pressure drops and wall friction. !
*

Effect of ignoring local compressibility.*

l

Use of LOFTRAN for long-term transient calculations.*

Version of the code to be used for feedwater and steamline breaks during*

which steam superheating can occur.

Calculation of local pressure from global pressure and pressure drops.*

Lack of local compressibility constraint is a concern in obtaining
|correct pressure. '

,

|

Time-step independence of smoothing performed in LOFTRAN.*

Effect of head vent choked flow model on the pressure solution.*

|

In its responses to RAIs 440.279 and 440.449, Westinghouse indicated that
auxiliary programs are used during transient analyses. It has not submitted
these auxiliary programs to the staff for review. It has, however, furnished

<

ian outline of the methodology used for the auxiliary programs in its RAI '

responses. Westinghouse has stated that the code's numerics would be too

difficult to modify in order to model two pumps and cold legs for each loop. |

|
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The inability to model the basic geometry of an AP600 plant differs from the
use of LOFTRAN for conventional PWRs, for which modeling the plant geometry is
straightforward. Therefore, Westinghouse has resorted to auxiliary programs,
hand calculations, and conservative assumptions in order to be able to model
pump trips and startups. Although this is not the preferred method of
transient analysis, the staff concludes that the analyses can be done in an

-

acceptable and conservative manner. Determination of acceptability requires
that Westinghouse submit a detailed example of use of the methodology for
staff review. This is SDSER Open Item 21.6.1.7-3.

RAls 440.315 and 440.449 address the use of the " penalty" model for the CMT
piping when " moderate" voiding takes place. Westinghouse is inconsistent in
its RAI responses regarding the use or non-use of this model. Since LOFTRAN

has no "true" capability of modeling two-phase flow, as can be seen in some of
the SPES-2 comparisons when the system is two phase, the user must be made
aware of the approach to such conditions. Westinghouse needs to submit, for
staff approval, criteria for the use of the penalty model. This is SDSER Open
Item 21.6.1.7-4.

Further, it is the staff position that LOFTRAN be restricted from application
to any analysis involving actuation of the ADS, since it has not been
benchmarked against /4S actuation experiments. ADS actuation would involve
global two-phase flow behavior for blowdown. LOFTRAN does not have the

capability to model this behavior. This is SDSER Open Item 21.6.1.7-5.

Westinghouse has furnished information, in response to RAI 440.288, about mass
and energy errors for the CMT solution scheme. A true indication of the mass

error is the difference between the state density and the mixture density
multiplied by the volume at each time step. Westinghouse, however, calculates
mass error by comparing the mass of progressive time steps. The cumulative
error is the sum at each time step. The correct cumulative error needs to be
provided because of the relatively large time steps being taken in LOFTRAN and
the CMT. Westinghouse does not perform a balance on mass, energy, momentum,

or volume in LOFTRAN to conserve data storage. For each transient analyzed
using LOFTRAN, Westinghouse must provide infonnation on the impact of not
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conserving mass, energy, momentum, and volume. This is SDSER Open
Item 21.6.1.7-6.

!
Westinghouse's response to RAI 440.462 is not clear concerning whether LOFTRAN

can "unchoke" at an SGTR break or at a main steamline break. When a break
unchokes, as will be the case in any break model, the form losses due to the
geometry of the break and the piping become important, along with the
frictional losses. It is not clear from the Westinghouse response whether the
flow can unchoke and choke separately. If choked flow is applied throughout
the transients, Westinghouse needs to demonstrate that this approach is .

conservative in all cases for the AP600. This is SDSER Open Item 21.6.1.7-7.

21.6.1.8 Conclusions

Westinghouse developed LOFTRAN to assess the consequences of a number of the

SAR Chapter 15 nuclear power plant transients and upset conditions in the
current generation of plants. The code was modified for application to the
AP600 passive reactor design through addition of component models for the ADS,
CMT, PRHR, and IRWST. Staff review of the code's application to the AP600
test program component and integral-system tests resulted in a large number of
RAIs. Westinghouse had not responded to all of the RAIs at the time this
supplement was prepared.

The staff |ias concerns about the application of some of the LOFTRAN analytical
models to the thermal-hydraulic conditions expected in the AP600 design. The

Westinghouse responses to the unanswered RAIs should address those concerns.

In addition, the staff has concerns about the content of the LOFTRAN FV&V

report, WCAP-14307. These concerns have been conveyed to Westinghouse in

RAls. The staff is still reviewing Westinghouse RAI responses addressing
those concerns.

A heat tc:nsfer option in LOFTRAN gives the analyst flexibility in
overpredicting or underpredicting the PRHR heat transfer. The staff is
concert.ed about this level of flexibility and requires discussion and
justification of the option selected for each Chapter 15 application of
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LOFTRAN. Also, acceptance of the PRHR model is contingent on acceptance of
the PRHR test dat..

1The staff cannot make any final conclusions regarding the acceptance of the

AP600 version of LOFTRAN and LOFTTR2 until it has received and reviewed all 1

RAI responses. !

!

On the basis of this review, the staff concludes that LOFTRAN has been

modified to include the necessary models for the AP600 plant features and the
behavior expected during an AP600 non-LOCA transient and, therefore, is
applicable to the AP600 passive reactor design. The acceptability of LOFTRAN
for licensing-basis calculations is contingent on successful closure of the
open items discussed above.

21.6.2 NOTRUMP Computer Code for Small-Break LOCAs
|

21.6.2.1 Background

b The acceptance criteria for emergency core cooling systems (ECCSs) for light
water nuclear power reactors, given in 10 CFR 50.46, require that ECCS
performance be calculated in accordance with an acceptable evaluation model.
Two approaches may be taken to demonstrate that an acceptable model has been |

applied to an ECCS design. In one approach (commonly referred to as a "best
estimate"), the evaluation model must contain sufficient supporting

i

justification to show that the analytical technique realistically describes |
the behavior of the reactor system during a loss-of-coolant accident. This
necessitates comparisons to applicable experimental data along with
identification and assessment of uncertainty in the analysis methods and
inputs so that the uncertainty in the calculated results can be estimated.
This uncertainty must then be accounted for in subsequent calculations.
Alternately, an ECCS evaluation model may be developed in conformance with the

required and acceptable features of 10 CFR Part 50 (Appendix K) ECCS
evaluation models. Westinghouse has chosen to demonstrate the acceptability
of the small-break LOCA response of the AP600 passive reactor design using an
Appendix K ECCS evaluation model.

O
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NUREG-0737 (" Clarification of TMI Action Plan Requiremer.ts") is a report
transmitted by NRC to licensees of operating power reactors and applicants for
operating reactor licenses forwarding THI Action Plan requirements that were
approved by the Commission for implementation. In Section II.K.3.30 of
Enclosure 3 to NUREG-0737, the staff outlines the Commission requirements for

the licensee to demonstrate its small-break loss-of-coolant-accident (SBLOCA)
methods continue to comply with the requirements of Appendix K to 10 CFR
Part 50. The technical issues to be addressed were outlined in NUREG-0611

'

(" Generic Evaluation of Feedwater Transients and Small Break Loss-of-Coolant
Accidents in Westinghouse-Designed Operating Plants").

1
.

In this section, the staff documents the status of its review of the NOTRUMP-

; computer program for calculating the plant response to SBLOCAs occurring in I

the Westinghouse AP600 passive standardized plant design.

21.6.2.2 Summary of NOTRUMP and the Topical Reports

NOTRUMP was submitted to the NRC by Westinghouse Letter NS-EPR-2681 ;
i(November 12, 1982). NOTRUMP is a thermal-hydraulic computer program
i

developed for analysis of SAR Chapter 15 SBLOCA events, as identified in j
NUREG-0800 (" Standard Review Plan for the Review of Safety Analysis Reports

for Nuclear Power Plants").
i

The code models one-dimensional thermal-hydraulics using control volumes I

interconnected by flow paths (junctions). The spatial and time-dependent
;

solution is governed by the integral forms of the conservation equations in !
Ithe control volumes and flow paths. The code thermal-hydraulics account for '

nonequilibrium thermodynamics and apply drift flux models for calculating
relative velocities between the steam and liquid phases. Reactivity feedback
is modeled with point kinetic neutronics. The code incorporates special
models to calculate responses of the reactor coolant pumps, steam separators,

'

and the core fuel pins. Another significant code feature is a node stacking
capability for calculating a single mixture elevation. This eliminates '

unrealistic layering of steam and liquid mixture in adjacent vertical control I

volumes (known as " pancaking effects"). A two-phase horizontal stratified
flow model is also included.
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The Westinghouse report on applicability of NOTRUMP to the AP600 passive plant
h design was submitted in WCAP-14206 (" Applicability of the NOTRUMP Computer

Code to AP600 SSAR Small-Break LOCA Analyses"). Assessments of the AP600
|

hardware-specific models added to the NOTRUMP code were submitted through

numerous preliminary verification and validation reports pertaining to the
various separate effects and integral systems test facilities employed in the
AP600 test program. The following preliminary verification and validation |

reports identified numerous changes made to the models contained in the
previously approved NOTRUMP computer code:

MT01-GSR-001, "AP600 NOTRUMP Core Makeup Tank Preliminary Validation*

Report," October 1994

LTCT-GSR-001, "NOTRUMP Preliminary Validation Report for OSU Tests,"*

July 1995

PXS-GSR-002, "NOTRUMP Preliminary Validation Report for SPES-2 Tests,"*

July 1995
O

RCS-GSR-003, "AP600 NOTRUMP Automatic Depressurization System*

Preliminary Validation Report," April 1995

|

MT01-GSR-011, "AP600 NOTRUMP Core Makeup Tank Preliminary Validation*
|

Report for 500-Series Natural Circulation Tests," April 1995
|
|

LTCT-GSR-004, " Addendum to NOTRUMP Preliminary Validation Report for OSU ;
*

Tests," September 1995

PXS-GSR-004, " Addendum to NOTRUMP Preliminary Validation Report for*

SPES-2 Tests," September 1995

Descriptions of the model changes were subsequently submitted for staff review
in Westinghouse responses to RAls 440.466 through 440.485. Westinghouse needs

i

to identify which information from the NOTRUMP-related RAI responses will be
formally incorporated into NOTRUMP-related documentation such as the final

verification and validation report (FV&V); the code applicability document
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(WCAP-14206); or the SSAR. This is SDSER Open Item 21.6.2.2-1. Evaluation of
the model changes, and performance of the code, will not be completed until
the staff receives and reviews the NOTRUMP FV&V report. This is SDSER Open
Item 21.6.2.E-2.

21.6.2.3 Phenomena Identification and Ranking Table

It is important to identify all physical phenomena that will occur in the
AP600 under the accident conditions of interest to ensure that the important
physical processes and phenomena have been modeled. One method of
identification is through the development of a phenomena identification and
ranking table (PIRT). The PIRT methodology provides a framework where
physical processes and phenomena in a specific hardware geometry under
anticipated accident sequences are first identified and then ranked in terms
of their importance to the course of the analysis. A PIRT is generally
developed from expert opinions provided by a group of knowledgeable analysts.
The use of a group of experts, rather than a single analyst, increases the
chances that all important phenomena have been identified and included in the

PIRT, and that the rankings have accurately characterized each specific
phenomena as being of high, medium, or low importance to the integral
quantities of interest. A properly established phenomena identification and
ranking table (PIRT) will act as a road map through a transient, identifying

.

and ranking the important phenomena and functions necessary to predict and '

deal with each phase of a transient. The PIRT for the AP600 SBLOCA, submitted
in response to RAI 440.325, is shown in Table 21.6 which follows.

The staff has also developed a PIRT as part of the review and confirmatory
process. The NRC's PIRT for the AP600 SBLOCA is documented in a report from
Idaho National Engineering Laboratory, INEL-94/0061, Revision 1. The PIRT

prepared by Westinghouse divides the SBLOCA into four intervals: Blowdown,
Natural Circulation, ADS Blowdown, and IRWST In.ie . tion Cooling. Within each
interval, the specific hardware and phenomena are evaluated as having high
(H), medium (M), or low (L) importance. The NRC PIRT contains five intervals.
The hardware functions and phenomena within two of the NRC PIRT intervals,
" Passive Decay Heat Removal" and "CMT Drain to ADS Actuation," are accounted
for in the Westinghouse PIRT interval " Natural Circulation." Therefore, all |
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Table 21.8
WeetWm Final PET for AP600 88LOCA

( F r r^ RWST
Neturel ADS InieetionPhenomenen Blewdown Circulation Slowdown C:i;

ADS Stages 13
Critical flow t: H H L
Two-phase pressure drop N/A N/A H L
Velve lose coefficiente N/A N/A H L
" -4 # pressure drop N/A N/A N/A L
4

ADS 1-4
Critical flow N/A N/A H L
Subsonic flow N/A N/A L M
Two-phees pressure drop N/A N/A M M

Broek
Line roeistance N/A N/A L LCritical flow Gn complex geometries) H H H N/A
Subsonic flow N/A N/A L L
Discharge coefficient M M L L

Accumulatore
injection flow rate N/A M H N/A
Noncondensible gas entrainment N/A N/A L L

Cold Lege
Flashing N/A N/A L N/A
PBL-to-cold leg tes N/A H H L
Phase separation N/A H H Lp Stored energy release N/A L N/A L

k Vessel / Core
A Decay heet H H H H

Forced convection M N/A N/A N/A
Rashing M N/A M L
Well stored energy M N/A M M
Natural circulation flow and heat M M M Mtrenefer

hexture level mese irrtentory H H H H
Mees flow M M L L
Row resistence L L L L4

CMT Draining Effects
Condensation on cold thick steel N/A N/A M N/Asurfaces

Trenoient conduction in CMT walls L L M ft/A
interfecial condensetion on CMT water N/A N/A H N/A5 eurface (broek eias dependent)

Dynamic effects of steem injection and N/A N/A H N/Amixing with CMT liquid and condeneste

Thermal stratification and rnixing of L H H N/A
warmer condeneste with colder CMT
water

CMT Recirculation
Natural circulation of CMT and CL H H N/A N/A
be6ence leg

J
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Table 21.6 |Wutinghouse Final PlRT for AP600 SBLOCA |
IRWitT

Component Naturel ADS Inis mh:nm, Blowdown Circulation Blowdown CW
Uquid mixing of CL balance leg, H H N/A N/A |condeneste, and CMT liquid

|
Fleshing effects of hot CMT liquid layer N/A L M N/A |
CMT wall heat trenefer L M M N/A |

CMT Belence Unu
|Presouro drop M H H N/A [

Row composition M H H N/A |
Downcornet/ Lower Renum |FleeNng N/A N/A L N/A |

Level M M H H |Loop esmtry effects M M L L |
Stored energy release L L L L |

Hot Lege
|Countercurrent flow N/A L L N/A |

Entrainment L L M M |
Flashing L L L N/A |
Horizontal fluid stratification N/A M M M |
Phase separation in teos (flow region) N/A M M M |

IRWST
|Discharge line fleeNng N/A N/A N/A N/A g

Row and temperature distribution in L M L N/APRHR bundle region
-

Pool level N/A M L H
Gravity dreining N/A N/A N/A H |'
Vapor condensation N/A M M L |
DVI line M M M - M |pressure drop (flow resistance)

|
Pressurizer

|CCFL N/A N/A M N/A |
Entrainrnent/De-entrainment N/A N/A M N/A |
Flashing H N/A M N/A |
Level (inventory) M M M N/A |
Level awell M L M N/A |
Stored energy rolesee L L L N/A |
Vapor space behavior N/A N/A L N/A |

Pressuriser Surge Une
|Pressure drop L L M N/A |

Flooding L L M N/A |
Stoem Generator

|29 - Natural circulation M M N/A N/A |
Steam generator heat transfer M M L N/A |
Secondary conditione L M L N/A |
U-tube Condeneation L L N/A N/A ||
Secondary level L M N/A N/A |
Secondary pressure M M N/A N/A I^
Steam generator tube draining L M N/A N/A

_

-

AP600 SDSER 21-108

_ _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ .



e

Table 21.6
Westinghouse Final PlRT for AP6oo SBLOCA r

IRWSTQ C - p .t Natural ADS injection
Phenomenen Slowdown Circulation Blowdown Cooling

-

PRHR

19 Heat trenefer M M N/A N/A

2d Heat trenefer condensation N/A M L N/A I

Non-condensible Oes effects N/A N/A L N/A

Recirculation flow M M L N/A
Upper Head / Upper Plenum

Draining effects L M M N/A
Fleshing L N/A M N/A

Muture level H H H H

Entreinment/De-entrainment N/A L M M
RCP

Coast down L N/A N/A N/A

Flow roeistance L L N/A N/A

hardware functions and phenomena are accounted for. The Westinghouse PIRT and
the NRC PIRT are comparable.

Westinghouse has also submitted a list of the important phenomena and hardware

O items identified in the PIRT with a description of the test program,
andplanned benchmark and assessment calculations which will provide supporting
validation for the plant analyses.

|

The staff finds that the Westinghouse PIRT is applicable to the AP600 passive
reactor design.

!

21.6.2.4 Evaluation of the NOTRUMP Analytical Models !

I

NOTRUMP is a general (variable) nodalization code. Plant models are I

constructed from generalized control volumes (fluid and metal nodes), flow ;

links, heat sources, and heat sinks. The nonequilibrium thermodynamics and
;

hydraulics include several drift-flux options to calculate relative !

vapor / liquid velocities (slip). Fission heat is calculated using reactivity !
and reactor kinetics. The code uses the same water thermodynamic properties |
as used in WFLASH (WCAP-8200, "WFLASH - A FORTRAN-IV Computer Program for |
Simulation of Transients in a Multi-Loop PWR," July 1973). The code has an ;

!J ,
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extensive number of forced- and natural-convection heat transfer correlations
covering the spectrum of the boiling curve.

Critical flow correlations available include the Moody model, a modified
Zaloudek model, and the Murdock-Baumann model. Special-purpose models include
flooding, bubble rise, mixture level tracking, externals which provide the
user flexibility to " program" user specific modifications, a continuous
contact flow link, variable flow links, and a horizontal stratified flow

|

model. Component models include an accumulator, a centrifugal pump, steam
separators, and a fuel rod model. The user has available control volumes,
flow paths, and heat slabs which can be used to control pressure, enthalpies,
mixture levels, mass flows, and heat fluxes as a function of time. Simple
valves are simulated as input flow loss coefficients.

Application of the approved NOTRUMP computer code to the AP600 passive reactor
design required a number of modifications, or enhancements, to the basic
NOTRUMP models. Modifications were made to:

(1) Add the SIMARC (S.1Mulator advanced Beal-time code) drift-flux model
(2) Modify the drift-flux correlations

I

(3) Recast the momentum equations for' net volumetric flow
(4) Add transient terms to the horizontal stratified flow momentum

equations

(5) Modify contact coefficients
(6) Add internally calculated liquid reflux flow links
(7) Add mixture overshoot logic
(8) Add implicit treatment of bubble rise
(9) Modify the pump model

(10) Add implicit treatment of momentum equation gravitational head terms
(11) Modify horizontal flow drift-flux levelizing model
(12) Add region birthing logic
(13) Add Shah condensation correlation
(14) Add Zuber critical heat flux correlation
(15) Change the two-phase friction multiplier
(16) Add Henry /Fauske model and homogenous equilibrium model
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(17) Modify fluid node stacking logic
(18) Modify transition boiling correlation solution

The following is a brief summary of the models changed in, or-added to, the
NOTRUMP code.

(1) SIMARC Drift-Flux Model

The NOTRUMP code uses a drift-flux model to calculate phase separation within
.

a node. Use of the void propagation approach in the drift velocity models has
been found to exhibit nonphysical behavior in cases of low-void fraction nodes
above high-void fraction nodes. In this case, liquid could be levitated above
vapor, or a high-phase flow from a node would be predicted when the node had

little of that phase to actually support the predicted flow. The design of
)

the ECCS for the AP600 led to low-pressure and low-flow conditions for an
|

SBLOCA, which amplified these problems.
!

A methodology developed through the Westinghouse Simulators Department, the
11Mulator Advanced Beal-time [ ode (SIMARC), was adapted to the NOTRUMP drift-

flux model. The SIMARC drift-flux methodology, although simplified in its
simulator version, has been modified for use in NOTRUMP. The basis of the
methodology as applied is that the net fluxes at a transition from concurrent
upflow or downflow to countercurrent flow can be determined. Determination of
the transition fluxes is by either mass or volumetric fluxes, based on the
code structure. Experience has shown that the methodology works best when
applied on a volumetric flow basis. Westinghouse has found that the SIMARC

|
methodology can help solve drift-flux difficulties such as a liquid node above |

a gas node.

;

Before it reviewed the SIMARC methodology, the staff's opinion was that either
a flux-weighted void fraction approach or a void propagation approach should
be used. Although a flux-weighted approach may be nonphysical (i.e., the
mathematical model yields a condition that is physically impossible), it
smoothes numerical problems and gives a well-behaved solution. Westinghouse
has pointed out that the SIMARC approach is more physical because it is based

on transitions from concurrent upflow or downflow to countercurrent flow, and
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it is simpler to apply. Similarly, although the void propagation approach is
physically sound, it has difficulties with cases of liquid nodes above gas
node's. The SIMARC approach is both physically based and able to deal with
this case.

!

The staff finds application of the SIMARC drift-flux technology acceptable for l

analysis of the AP600 SBLOCA pending final confirmation of the model through
the benchmark and assessment of the code to be provided in the NOTRUMP FV&V
report. This is SDSER Confirmatory Item 21.6.2.4-1. |

(2) Modified Drift-Flux Correlations

The drift-flux correlations in NOTRUMP were modified in three ways to make
,

them work with the SIMARC technology discussed above. The three modifications
involved: the Yeh void traction, the Improved TRAC-P1 flow regime map, and the
distribution parameter used with the bubbly.and slug flow drift correlations.

The Yeh void fraction correlation was modified to produce reasonable
.

interphase velocities as void fractions approach zero and one. The TRAC-P1

Flow Regime Map was modified in its implementation in NOTRUMP to use a general 1

droplet flow correlation in place of an interpolation scheme between the |

annular flow region and a region in which there is a void fraction of one.
This produces more reasonable interphase velocities as the void fraction
approaches one. The modification to the distribution parameter used with the
bubbly and slug flow correlations precludes the impossibility of solving for {
net flow through flow links which could lead to unrealistic interphase
velocities. t

The staff finds the modifications made to the NOTRUMP drift-flux correlations
acceptable for analysis of the AP600 SBLOCA pending final confirmation of the
model through the benchmark and assessment of the code to be provided in the !
NOTRUMP FV&V report. This is SDSER Confirmatory Item 21.6.2.4-2.

!
(

O\
,
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(3) Re-cast Momentum Ecuations for Net Volumetric Flow
'

O
The NOTRUMP code has been modified to add an option to use the momentum

equation and the drift-flux equations, for a junction, in terms of net
volumetric flow. This modification permits the mass flow in a junction to
change as densities in the adjacent nodes change, improving the behavior of
the node stacking and mixture level tracking. This will Vesult in reduction
in calculated pressure oscillations. In addition, as discussed with regard to

,

the SIMARC drift-flux methodology, drift-flux models generally perform better

in terms of volumetric flow since drift flux is itself a volumetric flow
concept. The staff notes that the NRC-supported codes TRAC and RELAP5 also

i
use volumetric-based momentum equations. The staff notes that this is an
" option" in NOTRUMP. The staff does not consider the use of volumetric-based i

momentum equations as optional as explained above since this is necessary for
the analysis of the AP600 flow conditions. Westinghouse needs to explain what '

provision will be used to ensure that volumetric-based momentum equations will
be used for all AP600 calculations. This is SDSER Open Item 21.6.2.4-1

Supporting assessments of the models have been requested in RAI 440.469. The.-

assessment calculations are not planned for submittal until later in the
review process and will be included in the NOTRUMP FV&V' report. Until the

assessment cases are submitted, the staff cannot determine the adequacy of the
,

recasting of the momentum equation and drift flux eauations in net volumetric
form. This is SDSER Open Item 21.6.2.4-2.

(4) Transient Terms in Horizontal Stratified Flow Momentum Eauation

The approved NOTRUMP code incorporated a horizontal stratified flow model to
permit concurrent and countercurrent horizontally stratified flow in
components such as flow from the hot leg to the reactor vessel. The model was
modified in the manner in which (a) the regions' cross-sectional areas are
datermined, (b) the temporal flow derivative is determined, (c) terms of the
momentum equation that had been eliminated in the model used in the approved

'

NOTRUMP code were reintroduced, and (d) a recipient node's flow links are.

partitioned to the existing regions.

O
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The staff requested supporting assessment of the modifications of the
transient terms in the horizontal stratified flow momentum equation in RAI

'

440.470. The assessment calculations, which will compute horizontal counter
current flow limits, are not planned for submittal until later in the review
process and will be included in the NOTRUMP FV&V report. Until the assessment

cases are submitted, the staff cannot determine the acceptability of
modifications to t6e transient terms in the momentum equation. This is SDSER
Open Item 21.6.2.4-3.

(5) Modified Contact Coefficients

The NOTRUMP default flow partitioning model places vapor, when flowing into a
node, into the existing regions of the node in proportion to the fractions of
the area of the flow link represented by each region. Vapor leaving a node
flows out of the node in proportion to the fractions of the flow link area
represented by the existing regions. The default flow partitioning model has
been augmented by options that can be used to override the NOTRUMP default

flow partitioning when it would incorrectly represent the physical problem
being analyzed. Westinghouse notes that other model additions to NOTRUMP,

|
such as the node stacking and mixture level tracking model (part of mixture

|

overshoot logic), have effects on flow partitioning. Node stacking and
mixture level tracking are discussed in items (7) and (17), which follow.

The addition of options to the default flow partitioning model to prevent the
model from producing non-physical results by the NOTRUMP code are acceptable,
in themselves, for analysis of the AP600 SBLOCA. However, the staff does not |

consider the use of these " options" to override the default flow partitioning
model as optional since this model is required under the thermal-hydraulic
conditions anticipated in the AP600. Westinghouse needs to explain what
provision will be used to ensure that options to override the default flow
partitioning will be used for all AP600 calculations. This is SDSER Open
Item 21.6.2.4-4. This judgment does not apply to other model changes, as
noted above, that can be brought into play in the course of an analysis.
Acceptance of those model changes is addressed in the appropriate sections of
this supplement.
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(6) Internally Calculated Liauid Reflux Flow links
O
V

The approved NOTRUMP code contained a model for calculating hot leg-to-reactor
vessel reflux. The model for calculating hot leg-to-reactor vessel reflux has
not been changed, but a generalization of the model has been made to permit
use of liquid reflux in other areas, such as the steam generator primary side,
the CNTs, and in calculations for the SPES-2 integral system test facility.

Generalization of the liquid reflux flow model for application to components
in addition to the hot leg-to-reactor vessel flow region is acceptable for-

application to the AP600 SBLOCA since the flow conditions in those components
are expected to be in the range of validity of the model.

(7) Mixture Overshoot Loaic

Westinghouse has modified the NOTRUMP stratified node and stacking models to

track the movement of a mixture level between nodes. The logic modification
is intended to predict mixture level overshoot of the bottom of a node
boundary, and counter production of negative mass-and energy occurring due to,

-

region depletion. The logic is designed to zero mass and energy that would
|

become negative and redistribute mass and energy that would have been negative
to the recipient region, thus conserving both mass and energy. The logic then

,

maintains mass and energy conservation while permitting the code to calculate
valid temperature and pressure conditions in the donor region.

Although the staff believes the logic modification to be acceptable for
'

application of the NOTRUMP code to the AP600 SBLOCA, the final acceptance must
t

await completion of all benchmark and assessment calculations to be included
in the NOTRUMP FV&V report. This is SDSER Open Item 21.6.2.4-5.,

"

(8) Imolicit Treatment of Bubble Rise

The approved NOTRUMP code incorporated explicit treatment of the bubble rise

mass flow rate. Main **ining a fixed mass flow rate throughout a time step can
create instability if more liquid is convected out of a mixture region than
was contained in the region at the beginning of the time step. On the other
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hand, implicit treatment of the bubble rise mass flow rate estimates the
change in the bubble rise mass flow rate corresponding to the change in the
fluid node's state variables during a time step. A further modification has
been made to prevent the bubble rise mass flow rate from becoming negative.
Also, a modification has been made to allow a user to override the internally
calculated interfacial area. And, finally, an option has been added to base
the bubble rise on the volume flow into a node rather than on the mass flow.
The latter is. consistent with the recasting of the momentum equation and
drift-flux equations in volumetric rather than mass flow form.

In the analysis of the behavior of a reactor coolant system undergoing an
l

SBLOCA, one of the most important parameters calculated is the two-phase level
swell. This depends heavily on the accuracy of the bubble rise model, as well
as the drift-flux model. Proper assessment of the capability of the model to
predict two-phase level swell is critical to determining the ability of the
code to predict such important information as the system mass inventory.
Westinghouse has agreed to assess NOTRUMP at the low-flow and low-pressure
conditions expected in the AP600 design by comparison with a number of two-
phase level swell tests from the G-2 test series (Westinghouse-EPRI report
EPRI NP-1692, dated 1981). The staff believes that the G-2 tests are

necessary but not sufficient, since they were conducted at constant pressure
and power. The position of the staff is that comparison of sufficient tests
performed in a depressurizing system with calculated results must be made to '

permit accurate characterization of the ability of NOTRUMP to calculate system
mass inventory under SBLOCA conditions in AP600. Westinghouse is considering
adding several experiments from the General Electric (GE) vessel blowdown
level swell tests documented in NUREG/CR-1899 ("8WR Refill-Reflood Program-

Model Qualification Task Plan" dated 1981) to the NOTRUMP validation matrix.
The question of N0 TRUMP's ability to predict two-phase level swell and, thus,
system mass inventory must be resolved before acceptance of the code can be
determined. Determination of additional separate effects level swell tests
necessary for NOTRUMP code qualification is SDSER Open Item 21.6.2.4-6.

Further discussions on this item can be found in Sections 21.6.2.6 and
21.6.2.7.

O
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(9) Modified Puma Model

The NOTRUMP pump model was adapted from the Westinghouse LBLOCA for use in

operating plant analyses. The low-pressure and low-flow conditions of the
AP600 design during the SBLOCA made parts of the generic pump model

unnecessary after the initial pump coastdown. Accordingly, a set of
simplifications was made to the pump model for application to the AP600
SBLOCA. First, the NOTRUMP option to use pump inlet density, from the donor-
specific volume for the head-specific volume, rather than the equivalent
density is exercised. Second, a simplification is made in the pump discharge
pressure calculation. Third, because choked flow is not possible, the pump
critical flow calculation is not used, further simplifying the calculation.
It is noted that with a larger flow area through the pump than through the
break, critical flow through the pump is not expected.

The staff has requested in RAI 440.475 that benchmark calculations be
performed to demonstrate applicability of the pump model modifications. The
supporting benchmark calculations are scheduled for submittal later in the

review process and will be included in the NOTRUMP FV&V report. Although the
modified pump model appears reasonable for application of NOTRUMP to the AP600
SBLOCA, acceptance must await submittal of benchmark calculations. This is
SDSER Open Item 21.6.2.4-7.

(10) Imolicit Treatment of Momentum Eauation Gravitational Head Terms

The approved NOTRUMP code uses explicit calculation of the fluid node
gravitational head term. The gravitational head is then held constant
throughout the time step. Use of the explicit form of the gravitational head
in the code numerics can create numerical instabilities as well as flow
instabilities when the fluid node density undergoes rapid changes. The

gravitational head term determination was changed to an implicit form that
estimates the change in the gravitational head corresponding to the change in
the fluid node's state variables during a time step. This change is said not
to affect the computation of the fluid node gravitational head from the fluid
properties, while eliminating flow instabilities from rapid density changes in
the fluid node at the low pressures anticipated in the AP600 SBLOCA.
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Assessment calculations benchmarking the implicit momentum equation i

gravitational head term are scheduled for submittal later in tho NOTRUMP
i

review process and will be included in the NOTRUMP FV&V report. Acceptance of
the changes made to the gravitational head term, and applicability to the
AP600 SBLOCA, await staff review of the benchmark calculations. This is SDSER
Open Item 21.6.2.4-8.

(11) Modified Horizontal Flow Drift - Flux Levelizina Model
;

The NOTRUMP drift-flux model, using the SIMARC drift-flux technology, has been
modified to define a drift velocity whose magnitude and direction are based on
the collapsed levels at each end of a horizontal flow link. The form of the
correlation, Westinghouse has stated in response to RAI 440.477, was developed |
heuristically. The staff is of the opinion that models developed by use of i

heuristic methods must be justified and fully evaluated since heuristic
methods, by nature, lack strong technical bases. However, Westinghouse notes
that the appropriate dimensions and effects are incorporated.

The levelizing model is intended to provide a potential for countercurrent
flow in which liquid flows toward the end of a link with the lower collapsed
level. This would tend to bring the levels to the same point. Primary use of |
the levelizing model in the AP600 SBLOCA analysis is in the horizontal links
at the top of the steam generator U-tubes, at the top of the hot leg-to-PRHR
line, and in the PRHR horizontal links.

The staff has requested a benchmark calculation to assess the capabilities of
the model changes in RAI 440.477. The benchmark calculations are scheduled
for submittal later in the NOTRUMP review process and will be included in the
NOTRUMP FV&V report. Acceptance of the model changes and additions must await

submittal and staff review of the benchmark calculations. This is SDSER Open
Item 21.6.2.4-9.

!

(12) Recion Birthina loaic

i

Birthing logic was added to the NOTRUMP code to deal with calculational
,

problems that could occur when point contact flow links exist in a node at

AP600 SDSER 21-118



._ __ _ _ _ . _ _ . __ __ . _ _ -. _ . _ _ _ _____ _ _ _ _ _ .

2

either the upper or lower limits of the node. A forming region that was not
h) viable would be removed through the point contact flow link, disturbing the !D

time-step routine and the calculated results for the node. A nonviable region
would, in turn, invoke the negative mass and energy redistribution of the

'

mixture overshoot logic previously discussed. During the node calculation,
if, for a mixture region, the predicted void fraction is greater than a
threshold value, or, for a vapor region, the void fraction is less than
another threshold value, the new region is not allowed to be created. The

region masses, internal energies, and time rates of change are combined into
the appropriate region and then zeroed.

A benchmark calculation to demonstrate the region birthing logic has been
requested in RAI 440.478. The benchmark calculation is scheduled for
submittal later in the code review process and will be included in the NOTRUMP
FV&V report. The staff cannot determine the adequacy of the birthing logic
and its applicability to the AP600 SBLOCA until Westinghouse submits the
benchmark calculation and the staff reviews it. This is Open
Item 21.6.2.4-10.

O
(13) |Shah condensation Correlation i

Westinghouse has added the Shah condensation correlation, a general flow
correlation for condensation inside pipes, to the NOTRUMP code to handle the

anticipated steam condensation inside both the steam generator tubes and PRHR
tubes. The correlation is a function of the Reynolds number, the tube
hydraulic diameter, the Prandtl number, reduced pressure, and fluid quality in

,

the tube. The recommended tube diameter for application of the correlation
encompasses both the AP600 steam generator tubes and the PRHR tubes. The

remaining recommended parameter ranges for application of the Shah correlation

are predicted to be met under SBLOCA conditions in the AP600 design.

In view of the above, the staff finds the addition of the Shah condensation
correlation to the NOTRUMP condensation correlations acceptable for analysis
of the AP600 SBLOCA provided the values of the input parameters fall within
the recommended ranges.

O
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(14) Zuber Critical Heat Flux Correlation

The heat transfer package in NOTRUMP has been extended by addition of the
Zuber critical heat flux correlation for stagnant flow situations. In
particular, in the AP600 design, stagnant flow on the IRWST pool side of the
PRHR would have had NOTRUMP, with the original heat transfer package,
calculating transition boiling rather than saturated natural circulation. '

That would have overpredicted the tubeside energy release to the poolside
fluid. The Zuber correlation was installed to permit a more realistic !
prediction under stagnant flow conditions.

The Zuber correlation installed in NOTRUMP is the version modified by
Lienhardt and Dhir. The further modifications made by Bjornard and Griffith
have not been applied in the NOTRUMP heat transfer package. I

The form of the Zuber critical heat flux correlation, modified by Lienhardt
!

and Dhir results in a more reelistic, and more conservative, estimate of the
energy released to the IRWST. Acceptance of the Zuber critical heat flux

|
correlation for AP600 SBLOCA analfsis will be determined after review of the

|
NOTRUMP FV&V report and all assessment calculations it is expected to contain.
This is SDSER Open Item 21.6.2.4-11.

Westinghouse has indicated that the Zuber correlation with the further
modifications by Bjornard and Griffith is being considered for addition to the I

NOTRUMP code at the final verification and validation stage. Should the
'

modifications of Bjornard and Griffith be used, this item will be reopened for
review. Verification that the code does not use the Bjornard and Griffith
modification is SDSER Confirmatory Item 21.6.2.4-3.

(15) Chanaes to the Two-Phase Friction Multiolier

The approved NOTRUMP code used the Martinelli-Nelson two-phase' friction

multiplier, as modified by Thom, for pressures above 1.72 MPa (250 psia).
Below 1.72 MPa (250 psia), the approved code used the multiplier for 1.72 MPa

(250 psia). Since the AP600 design is expected to depressurize to atmospheric
pressure via the ADS, the two-phase friction multiplier was extended to
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i atmospheric pressure. The extension installed in NOTRUMP was an augmentation
i of the Thon-modified Martinelli-Nelson table with two data points, 689 kPa
i (100 psia) and 101.3 kPa (14.7 psia), from the unmodified Martinelli-Nelson
! data. Linear. interpolation is used between the Thom-modified Martinelli-

| Nelson multiplier at 1.72 MPa (250 psia) and,,the Martinelli-Nelson multiplier
| at 689 kPa (100 psia).
!
1
'

In addition, two potential discontinuities in two-phase friction multiplier
| determination have been eliminated. The user can base the computation of the

| multiplier at a flow link undergoing transition from concurrent to
j countercurrent flow on the thermodynamic quality rather than on the flow

l

| quality. Also, the transition from two-phase to single-phase steam flow
frictional pressure drop is smoothed by use of a linear interpolation of the

'

friction loss between flow quality of 90 percent and saturated steam.

In view of the above, the extension of the two-phase friction multiplier and
smoothing techniques used in NOTRUMP are acceptable for evaluation of the
AP600 SBLOCA.

(16) Henry /Fauske Model and HEM

The critical flow models contained in the approved NOTRUMP code have been

augmented with the addition of the Henry /Fauske model and homogenous
equilibrium model (HEM). Appendix K, I.C.1.b, to 10 CFR Part 50 mandates use
of the Moody model to calculate the discharge rate from a break once the fluid
has been calculated to be of two-phase composition. It was found in the ADS
Phase B1 tests, (Westinghouse report RCS-GSR-003), as well as in the integral-
systems tests performed in the SPES-2 facility (Westinghouse report PXS-
GSR-002) that the use of the Henry /Fauske and HEM discharge models for flow
through the ADS valves provided a more realistic representation of the
expected discharge rate, and thus the system depressurization following ADS
actuation.

Implementation of the Henry /Fauske model and the HEM also incorporates use of
the smoothing logic in NOTRUMP for calculating the transition from choked to
unchoked conditions for critical flow. Westinghouse has stated that the
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" smoothing logic may be refined to give better blending between choked and

unchoked flow." And, further, that the final form of the smoothing logic will
be described in the NOTRUMP FV&V report.

Because the ADS is not a break, maximizing the flow (as does the Moody model)
is not conservative. The staff concludes that it is acceptable to incorporate
the more realistic flow-calculated Henry /Fauske model and HEM for calculation
of the discharge rate from the AP600 ADS valves during an SBLOCA. However,

acceptance uf the smoothing logic must await submittal of the NOTRUMP FV&V
report for acceptance review. This is SDSER Open Item 21.6.2.4-12.

(17) Modified Fluid Node Stackina Model

A node stacking and mixture level tracking model was implemented in the
approved NOTRUMP SBLOCA computer code. In the application of the code to the
AP600 SBLOCA, the node stacking logic was refined. Refinement was added to

allow redefining mixture fractions under special conditions, and to pass !

mixture level control to the more general mixture overshoot logic added to the
code. When a moving mixture region reaches a point contact flow link, or

,

'

junction, the mixture fraction is redefined to assist in forming a new region
in the node into which the mixture region is moving. Under normal conditions |
the mixture level overshoot logic will handle passing the mixture level
between the nodes, now making the stacking logic a backup scheme should the
mixture level become " stuck" at the boundary of stacked nodes. As described,
the fluid node stacking logic assists when the stack mixture elevation is
draining, filling, or stuck.

As noted above, several logic additions have been made to the NOTRUMP code, i

including the fluid node stacking, mixture level overshoot, region birthing,
and bubble rise logic. As all of the logic schemes interact, their effects on
each other and the code results must be shown to be acceptable. Westinghouse
has committed to performing assessment calculations to demonstrate acceptable
logic operation and logic interactions during the final verification and
validation of the AP600 NOTRUMP code. Acceptance of the logic schemes for
application to the AP600 . 'OCA must await the submittal of the assessment
calculations. This is SDSEA vpen Item 21.6.2.4-13.
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(18) Modified Transition Boilina Correlation Solution

O
Westinghouse reports LTCT-GSR-001 ("NOTRUMP OSU Preliminary Verification and

Validation Report") and PXS-GSR-002 ("SPES-2 Preliminary Verification and
Validation Report") refer to changes that have been made to the numerical

solution scheme used in the NOTRUMP heat links when the Westinghouse
Transition Boiling correlation is used.' Westinghouse states that the heat
links are not used to model core heat transfer and that no changes are made
for the AP600 application. Transition boiling is not expected to occur since
the AP600 core is not predicted to uncover.

No judgment is made at this time regarding the changes in the numerical
solution techniques in the NOTRUMP heat links when transition boiling is
predicted to occur. Should NOTRUMP be applied to calculations for which there

is indication that this methodology is being invoked, the staff will reopen
review of the modified transition boiling correlation solution. The
verification that heat link methodology for transition boiling is not utilized
in AP600 NOTRUMP calculations is SDSER Confirmatory Item 21.6.2.4-4.

O
21.6.2.5 Evaluation of the NOTRUMP AP600 Component Models

In addition to the NOTRUMP model modifications discussed above, hardware-

specific component models were added to represent AP600-unique hardware
features. Component model additions comprise the following:

(1) automatic depressurization system (ADS)
(2) core makeup tank (CMT)

(3) passive residual heat removal (PRHR) system

(4) In-containment refueling water storage tank (IRWST)

The following is a brief summary of the component models added to the NOTRUMP
code.

O
AP600 SDSER 21-123

_ , .__



:.

(1) Automatic Deoressurization System

O
The ADS is designed to depressurize the reactor coolant system (RCS) to values
near the prevailing containment pressure to enable gravity injection from the
IRWST. Three stages of the ADS come off the top the pressurizer; the fourth-
stage ADS paths are connected to the hot legs. The first-stage ADS is
actuated when 33 percent of the CMT liquid has drained, resulting in the
depressurization of the plant via the ADS valves to the IRWST. The second-
and third-stage ADS valves open based on timers that are started with the
actuation of the first stage and also discharge to the IRWST. If the CMTs
continue to drain and the volume reaches 20 percent, the fourth-stage ADS
valves, located on the hot legs, open directly to the containment to,

facilitate depressurization to the containment pressure.

Westinghouse models the first three stages of ADS in NOTRUMP as a single flow
<

link to the IRWST. The fourth-stage ADS is modeled as a single flow path to
'

the containment. The loss coefficient used for the fully open area of the
valves is converted from the manufacturer-supplied value of C,. The four arms
of the sparger located in the IRWST are modeled as a single node. Critical
flow through the ADS valves is modeled using the Henry /Fauske subcooled

critical flow model and the homogeneous equilibrium model (HEM) for saturated
fluid discharge. The Henry /Fauske model and HEM additions to NOTRUMP were
discussed previously.

The NOTRUMP code tended to overpredict the ADS flow rates in the OSU and

SPES-2 comparisons. This overprediction could be related to the improper
characterization of the flow regimes in the piping. Although the flow regimes
are ranked low and the mass flow is not in the PIRT, the models affecting the
fluid entering the ADS piping, particularly for the hot legs and pressurizer,
need to be reviewed in the NOTRUMP FV&V report. This is SDSER Open
Item 21.6.2.5-1.

l

O;
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(2) Core Makeun Tank

O
There are two CHTs connected to the RCS by normally open isolation valves on
the cold-leg balance lines and normally closed isolation valves on the CMT
discharge lines. The CMTs provide high-pressure, gravity-driven, borated
coolant injection into the RCS to control reactivity and core cooling. The
CMT discharge valves open on a safety (S) signal and remain open. During
normal operation, the CMTs and the cold-leg balance lines are completely
filled with liquid.

The NOTRUMP CMTs are represented with four volumes. The top node contains

10 percent of the CMT volume; each of the two middle nodes represent
15 percent of the CMT volume, and the bottom node contains the remaining
60 percent. The cold-leg balance line is connected to the top node, and the
CMT drain line is connected to the bottom node of the CMT. Each of the four
fluid volumes contain heat structures representing the metal walls of the CMT.

The AP600 CMTs are new hardware designed since the requirements of NUREG-0737

were developed. The only important item identified in the PIRT related to the
CMT fluid behavior is the flow regime, which is rated high. Of particular

concern is the inability of the NOTRUMP code to properly characterize the
thermal stratification in this region demonstrated in the comparisons to the

*

CMT component test data. The thermal stratification was not captured; in most
cases, the NOTRUMP code calculated the proper discharge flow which is an

important parameter, but the fluid conditions are not correct. Westinghouse
,

has agreed to further investigate N0 TRUMP's inability to properly characterize
the CMT thermal stratification and to better explain some of the differences
in CMT discharge flow comparisons. These assessments will be provided in the
NOTRUMP FV&V report. This is SDSER Open Item 21.6.2.5-2.

(3) Passive Residual Heat Removal (PRHR) System

|

The PRHR system is a C-shaped, single-pass, downflow heat exchanger, submerged i

in the IRWST. The system inlet is connected to the top of the horizontal hot-
leg section containing the pressurizer loop. The system outlet is connected
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to the bottom of the steam generator outlet plenum on the loop with the
pressurizer. Normally closed isolation valves open to actuate the system.

The NOTRUMP model of the PRHR comprises four equally sized volumes

representing the horizontal run of the heat exchanger with two equally sized
vertical volumes. A single node represents the horizontal piping. The PRHR

is immersed in the IRWST. Heat transfer is modeled using the standard NOTRUMP
heat transfer correlations plus, on the inside of the tubes, the Shah
correlation, discussed above, for condensation modeling, and the Lienhardt and

Dhir modified Zuber correlation for critical heat flux on the IRWST side of
the tubes. The staff notes that the PRHR model comparisons are based upon
data which are still under staff review for applicability. The acceptability
of the PRHR model is, therefore, contingent on a finding that the PRHR data
are applicable as discussed in Section 21.3.3. The use of this data for PRHR
model evaluation is SDSER Confirmatory Item 21.6.2.5-1.

(4) In-Containment Refuelina Water Storaae Tank

The IRWST provides a source of water for gravity-fed injection into the RCS
once RCS pressure has been reduced to values near the containment pressure.

The IRWST also serves as a heat sink for the removal of heat via the PRHR
discussed above and a discharge reservoir for the first three stages of the
ADS. Condensation of steam in the containment provides a long-term source of
water to the IRWST which can then return it to the RCS. Although not part of
the IRWST, the containment sump provides a second source of gravity fed
coolant injection into the RCS over the long term.

The IRWST is modeled in NOTRUMP as two fluid volumes. The upper volume
contains the PRHR systems while the lower volume represents the remainder of
the IRWST. The ADS stages connected to the IRWST are connected to the upper
IRWST fluid volume.

Westinghouse has submitted NOTRUMP simulations of the ADS and CMT component
test data. NOTRUMP simulations have also been submitted for a range of small
break LOCAs for both the SPES-2 and OSU integral facilities. The staff has
reviewed these NOTRUMP comparisons and has issued RAls requesting supplemental
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information and clarification of portions of the submitted analyses. This
review is still in pregress. On the basis of the staff's RAls, Westinghouse
has proposed a number of the previously analyzed component separate-effects
tests for reanalysis. These tests are listed in Table 21.7 below. The staff
will determine the acceptability of the component-separate effects tests after
it reviews the reanalyses which will be included in the NOTRUMP FV&V report.
The staff agrees with the Westinghouse proposed list of component separate-
effects tests to be reanalyzed and shown in Table 21.7. The staff's receipt
and evaluation of the Table 21.7 reanalyzed component separate-effects tests
is SDSER Open Item 21.6.2.5-3.

21.6.2.6 Code Qualification

Qualification, or assessment, of the NOTRUMP code and its models is being
carried out in three areas: benchmark calculations, separate effects tests,
and integra1 systems tests. The combination of benchmark calculations, ,

separate effects tests, and integral systems tests, when properly applied,
leads to overall conclusions regarding the ability of a computer code to !

adequately predict the behavior of a nuclear power plant subjected to upset
i

and accident conditions. Since no single test captures all of the relevant
phenomena, it is necessary to utilize all three categories to adequately cover
the phenomena of interest. The three categories are discussed below with
specific recommendations of candidate tests for analysis.

I

(1) Benchmark Calculations

Assessment of the NOTRUMP code via benchmark calculations is necessary for

areas involving such changes as the reactor coolant pump models, plus those
areas involving logic changes and additions to the code. Extensive logic
modifications have been made, as discussed previously, involving mixture level
overshoot, fluid node stacking, region birthing, and bubble rise. Many of
these logic models interact during the calculation of the SBLOCA.
Calculations are essential to demonstrate that the logic interactions do not
result in numeric instabilities or physically unrealistic results. In

general, these benchmark problems consrist of thought problems (hypothetical
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Table 21.7
NOTRUMP AP600 SBLOCA Component Separate Effects Assessment Tests

ADS Test Simulation - Assess ADS Model and Performance
Test 340 Stage 2 open (inadvertent), 15.5 MPa (2235 psig) l

Test 212 Stage 1 open, 15.5 MPa (2235 psig) ,

Test 220 Stages 1 & 2 open, 8.38 MPa (1200 psig)
Test 240 Stages 1, 2, & 3 open, 8.38 MPa (1200 psig)

|
Test 320 Stages 1, 2, & 3 open, 15.5 MPa (2235 psig) )
Test 242 Stages 1, 2, & 3 open, 3.55 MPa (500 psig) !
Test 210 Stage 1 open, 15.5 MPa (2235 psig) |
Test 250 Stage 2 open (inadvertent), 8.38 MPa (1200 psig) l

lCMT Test Simulation - Assess CMT Model and Performance
Test 307 Demo insig. change to prelim. 300 Series runs
Test 309 Demo insig. change to prelim. 300 Series runs I

Test 501 Nat. circ., to 1/5 CMT heated, 22.7 1/ min. (6 gpm)
drain rate

Test 502 Nat. circ., to 1/5 CMT heated, 60.6 1/ min. (16 gpm)
drain rate

Test 503 Nat. circ., to 1/2 CMT heated, 22.7 1/ min. (6 gpm)
drain rate

Test 504 Nat circ., to 1/2 CMT heated, 60.6 1/ min. (16 gpm)
drain rate

Test 505 Nat. circ., to Full CMT heated, 22.7 1/ min. (6 gpm)
drain rate

Test 506 Nat. circ., to Full CMT heated, 60.6 1/ min. (16 gpm)
drain rate

Test 507 Nat. circ., to 1/5 CMT heated, 60.6 1/ min. (16 gpm)
drain rate

Test 508 Nat. circ., to 1/2 CMT heated, 60.6 1/ min. (16 gpm)
drain rate

Test 509 Nat. circ., to Full CMT heated, 60.6 1/ min. (16 gpm)
drain rate I

_

;

I
problems not based on data from an actual test facility) and simple nodal
models to verify a particular code function or single phenomenological i

behavior. The benchmark calculations planned by Westinghouse, shown in |
Table 21.8, are scheduled for submittal later in the code review process and |
will be included in the NOTRUMP FV&V report. As discussed previously,
acceptance of the model changes and additions for which these benchmark

|
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calculations are to be performed cannot be determined until the calculations

O'' are submitted for staff review. The stafi's receipt and evaluation of the
;

Table 21.8 benchmark calculations is SDSER Open Item 21.6.2.6-1.
.

i

Table 21.8
NOTRUMP AP600 SBLOCA Benchmark Calculations

'

Reactor Coolant Pump Assess model on/off effect
Birthing Logic Demonstrate how model works
Horizontal Flow Drift-Flux / Levelizing and Assess model performance
Horizontal Stratified Flow
Implicit Gravitational Head Assess model performance
Fluid Node Stacking Assess model performance
Volumetric Momentum Equation Demonstrate model on-off effect
Transient Two-Phase Level Swell Investigate flooding effects

' Bubble Rise Assess model performance
__

(2) Seoarate-Effects Tests

O' Assessment of the NOTRUMP code against separate-effects tests permits
,

isolation of individual models within the code in such a way that the
capabilities of the model can be determined while remaining within the context
of the code.4

As noted in Section 21.6.2.4(8), the two-phase level-swell model extensions to
accommodate the low pressures anticipated in the AP600 SBLOCA require
assessment. Westinghouse has committed to analysis of a number of tests from
the G-2 test program. The G-2 tests identified as required for validation of
the two-phase level-swell-related models in the NOTRUMP code are shown in
Table 21.9. The staff is concerned that limiting the separate-effects test
cases to only the G-2 tests may miss effects important to proper assessment of
two-phase level swell, such as level swell in a depressurizing system.
Westinghouse is also considering the addition of problems from the GE level-

'

swell series tests. However, the specific tests and data requirements have
not been finalized. Determination of additional separate-effects level-swell
tests necessary for NOTRUMP code qualification has already been identified as
SDSER Open Item 21.6.2.4-6. Additional discussion on this can also be found

i
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I
in Section 21.6.2.7. The staff's receipt, overall review, and evaluation of
the adequacy of the separate-effects testing relating to level swell and void
fractio 1 distribution is SDSER Open Item 21.6.2.6-2.

|

Table 21.9
NOTRUMP AP600 SBLOCA Separate-Effects Assessment Tests

G-2 Tests - Assess Level Swell and Void Fraction Distribution
Test 732 I 104 kPa (15.1 psia), 0.254 Mw, 259 cm (102 in.) initial level

3est733 109 kPa (15.8 psia), 0.600 Mw, 183 cm (72 in.) initial level
Test 729 345 kPa (50 psia), 0.250 Mw, 290 cm (114 in.) initial level
Test 728 345 kPa (50 psia), 0.596 Mw, 213 cm (84 in.) initial level
Test 724 662 kPa (96 psia), 0.252 Mw, 320 cm (126 in.) initial level
Test 725 662 kPa (96 psia), 0.599 Mw, 244 cm (96 in.) initial level
Test 719 2717 kPa (394 psia), 0.267 Mw, 351 cm (138 in.) initial level
Test 720 2723 kPa (395 psia), 0.615 Mw, 290 cm (114 in.) initial level
Test 716 5343 kPa (775 psia), 0.252 Mw, 351 cm (138 in.) initial level
Test 715 5371 kPa (779 psia), 0.603 Mw, 290 cm (114 in.) initial level

(3) Intearal Systems Tests

Integral systems tests permit an assessment of the entire code, including all
pertinent models, acting as a unit to predict the full system behavior.
Westinghouse has proposed a reanalysis of selected OSU and SPES-2 integral
tests for the NOTRUMP FV&V report as shown in Table 21.10. The staff agrees
with the reanalysis of the tests identified in Table 21.10, because comparison
between several of the related tests should aid in understanding the effects
of scale on the analysis results. The staff's receipt and evaluation of the
integral systems tests of Table 21.10 is SDSER Open Item 21.6.2.6-3.

.

O
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Table 21.10C) NOTRUMP AP600 SBLOCA Integral-Systems Assessment Tests
|

SPES-2 Test Simulations
Test 1 2.54 cm (1-in.) cold leg break l

Test 3 5.08 cm (2-in.) cold leg break
Test 5 5.08 cm (2-in.) DVI line break
Test 6 DEG DVI line break
Test 7 5.08 cm (2-in.) CL/CMT-B balance line break
Test 8 DEG CL/CMT-B balance line break

OSU Test Simulations
Test SB9 5.08 cm (2-in.) CL3/CMT-1 balance line break
Test SB10 DEG CMT-1 balance line break
Test SB12 DEG DVI-1 line break
Test SB13 5.08 cm (2-in.) DVI-1 line break
Test SB14 Inadvertent ADS-1 open
Test SB18 5.08 cm (2-in.) cold-leg-3 break

|
Test SB23 1.27 cm (0.5-in.) cold-leg-3 break

21.6.2.7 Appendix K Compliance

'
Following the accident at Three Mile Island (TMI), the NRC focused its
attention on the SBLOCA and proposed revisions to the methods and analyses
performed to better demonstrate compliance with the requirements in 10 CFR
50.46. With regard to Westinghouse-designed pressurized-water reactors

(PWRs), the NRC outlined technical issues in NUREG-0611 (" Generic Evaluation

of Feedwater Transients and Small Break Loss-of-Coolant Accidents in
Westinghouse Designed Operating Plants") regarding the WFLASH computer program
used to simulate the reactor coolant response to a SBLOCA. WFLASH was an

early methodology that Westinghouse developed for simulating SBLOCA response.

In NUREG-0611, the staff identified specific models in the WFLASH computer
code which were considered deficient. Furthermore, the NRC issued NUREG-0737;

Section II.K.3.30 clarified the post-TMI requirements regarding SBLOCA
modeling. In essence, Section II.K.3.30 of NUREG-0737 recommends that
licensees of Westinghouse-designed PWRs revise their SBLOCA models in

accordance with the guidelines specified in NUREG-0611, or justify continued
acceptance of the current model. Section II.K.3.31 further recommends that
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each licensee submit a new SBLOCA analysis using an approved evaluation model
that met the criteria of NUREG-0737, Section II.K.3.30.

,

In response to these requirements, Westinghouse developed the NOTRUMP code for

reference in the new SBLOCA ECCS evaluation model calculations. As such, the
NOTRUMP code was developed to overcome the deficiencies identified in the

WFLASH computer program while also addressing the post-TMI requirements.

Following NRC review, the NOTRUMP code was approved for evaluating SBLOCA
response in Westinghouse-designed PWRs.

Westinghouse is now applying the NOTRUMP code to Appendix K (10 CFR Part 50)
evaluations of the AP600 and has submitted changes to the code to enable

applicability to this new design. Since the motivation to develop the NOTRUMP
code arose from the NUREG-0737 requirements, the modifications and

applicability of the modified code to AP600 SBLOCA evaluations which address
these TMI small-break modeling ' concerns have been reviewed and are discussed
below:

(1) Provide calculated validation of the SBLOCA model to adequately
calculate the core heat transfer and two-phase coolant level during
core.uncovery conditions.

The NRC has requested that the heatup methodologies be compared to the

core cooling tests performed by the Oak Ridge National Laboratory at its |

Thermal Hydraulic Test Facility (THTF). The Oak Ridge tests provide a
good database to assess the heat transfer capabilities of a fuel rod
subjected to uncovery and the resultant steam cooling conditions that can 1

|

occur in the upper portion of the bundle. The tests cover a wide range of
pressures and rod powers for both transient film boiling and bundle
uncovery, steam-cooling conditions. Predictions of two-phase level swell
as well as the steam-cooling convection-heat transfer is essential to
successful predictions of SBLOCA response.

.

Evaluation: The AP600 integral data do not indicate core uncovery and,
therefore, the heatup model has not been exercised. Benchmarks of the G-2
uncovery tests will assist in providing verification of the steam-cooling
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model in NOTRUMP during core uncovery conditions at low pressure and low4

flow. Westinghouse is also considering additional separate-effects tests
;- using the GE level-swell experiments. Agreement on an acceptable set of
i

separate-effects and integral tests to support validation of the NOTRUMP
code level swell-model has yet to be achieved. This issue needs to be4

;

i resolved in order to determine the applicability of the NOTRUMP code to '

I
evaluation of SBLOCAs for AP600. Level swell controls the minimum liquid

j' inventory in the vessel core region and determines the margins to core
! uncovery in AP600 for those transients that do not result in uncovering
i the core.
i

i

Since many of the NOTRUMP calculations overpredict the liquid inventory;

response when compared to the integral test data, which is non-
conservative, the staff has requested additional assessment calculations
to demonstrate the ability of the modified NOTRUMP code's ability to
predict. two-phase level swell. Westinghouse will submit the results of

those assessment cases at a later date and will include the results in the
NOTRUMP FV&V report. Level swell is considered the single most important
parameter that characterizes SBLOCA performance. The judgment of the
staff regarding the adequacy of the two-phase level-swell model will be
discussed in the final safety evaluation on the modified NOTRUMP code.

This issue has already been captured by SDSER Open Items 21.6.2.4-6 and
21.6.2.6-2 as discussed earlier in this chapter.

(2) Validate the adequacy of modeling the primary side of the steam
generators as a homogenous mixture.

It is necessary to demonstrate that there is sufficient spatial detail to
model the primary and secondary systems to properly account for forward
and reverse heat transfer as liquid drains from the primary active tubes.
Since the steam generators can act as a heat source following some
SBLOCAs, proper accounting for the steam-water behavior and associated
depressurization rates is required.

Proper accounting of the annular and slug flow regimes as they may occur
b in the steam generators should be incorporated into the modeling of this
V
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region. One must, therefore, ensure that the flow region behavior in the,

; generators is consistent with the heat transfer conditions throughout the
,

transient. If there is a potential for flooding or " holdup" of the
primary side liquid in the generators, then the hydraulic model should |
also account for this behavior. Also, if a stratified flow model is used I

in the hot-leg piping, this flow regime should be justified.

Evaluation: Steam generator heat transfer plays a secondary role in AP600
'

since the PRHR system functions along with the ADS to control system
'

pressure and depressurize the plant. This low importance of steam
generator heat transfer is reflected in the low PIRT ranking.-

i Nevertheless, the models contained in NOTRUMP are considered to be
,

applicable to the AP600 plant performance.

1
In the AP600, the PRHR functions in a manner similar to the steam

|
,

j generators as a major heat removal system. The PRHR uses the same models,

thus, the staff is considering its modeling under this item. The PRHR |
'

heat transfer was not properly predicted in the OSU and SPES-2 comparisons
since the code was unable to predict the correct outlet temperature. The
NOTRUMP code tends to overpredict the outlet temperature. Even though
these items are ranked by the PIRT as medium, these results will be
reassessed following acceptance of the PRHR test results and submittal of

i
the NOTRUMP FV&V simulations. Westinghouse needs to address PRHR primary-

side heat transfer comparisons between NOTRUMP and OSU/SPES-2 data in the

NOTRUMP FV&V report. This is SDSER Open Item 21.6.2.7-1.

NOTRUMP contains provisions for stratified and dispersed flow regimes in
the loop piping and steam generators. The flooding models in the code
will alsu capture the potential for liquid holdup in the loop and steam
generators should steam velocities be sufficient to entrain and limit
drainage in the loops. Furthermore, the PIRT ranking for flow-regime-
related phenomena is low, so that this phenomenon does not appear to have
a significant impact on AP600 performance. Comparisons of the NOTRUMP

code simulations to the OSU and SPES-2 test data in the NOTRUMP FV&V,

report should confirm the applicability or insensitivity of the NOTRUMP
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flow regime models to the key system response parameters. This is SDSER |

h Confirmatory Item 21.6.2.7-1.
V

|
,

(3) Validate the condensation heat transfer model and effects of non- |
condensible gases.

<

The condensation correlation to be used in the blowdown hydraulics code is I

to be justified as to applicability to the two-phase flow conditions in
the active tubes of the steam generators. The need for a best-estimate
correlation was stressed as opposed to empirical relationships containing
"conservatisms." Particular emphasis should be placed on the
applicability of the correlations to U-tube steam generators since most
correlations used to date are based on flat plate geometries. Non-
condensible gases should also be accounted for.

Evaluation: Westinghouse has added the Shah condensation correlation to

the NOTRUMP condensation correlation package previously approved. The
staff finds the addition acceptable for analysis of the AP600 SBLOCA as

described in item (13) of section 21.6.2.4.

The staff questioned the ability of the NOTRUMP code to deal with non-
condensible gases injected into the primary coolant system from the
accumulators during the AP600 SBLOCA. The presence of non-condensible

gases is a concern due to the possible degradation in performance of the
PRHR for system depressurization and heat removal. During the conduct of
the test program, non-condensible gases entered the system but were not

tracked as they moved through the system. The gases were found to end up
in the PRHR and CMTs. It has been noted that the non-condensible gases
entered the PRHR late in the transient, when the PRHR is not playing a
significant role in heat removal, and did not appear to have a detrimental
effect on the system. Effects of non-condensible gases on PRHR heat
transfer should be addressed in the NOTRUMP FV&V report. This is SDSER
Open Item 21.6.2.7-2.

1

O
AP600 SDSER 21-135



. - - . _ _ . -. . - - - .. ..

_

(4) Demonstrate, through noding studies, as a part of the sensitivity
studies, the adequacy of the SBLOCA model to calculate flashing during
system depressurization.

Evaluation: The adequacy of the NOTRUMP code to model the system effects

during the AP600 SBLOCA is demonstrated through the consistency in noding
between the scaled, integral system test facilities (SPES-2 and OSU) and
the AP600 design. The staff finds the noding to be acceptable for
analysis of the AP600 SBLOCA.,

(5) Validate the polytropic expansion coefficient applied in the
accumulator model.

Evaluation: The accumulator model has not been changed from the approved
NOTRUMP code to the AP600 version of the code. The staff accepts the
model as applied to the AP600 SBLOCA since the accumulator design is
similar to those of operating plants.

(6) Break discharge model

Since Appendix K to 10 CFR Part 50 required use of the Moody critical flow
model, the blowdown hydraulic code must contain this methodology.

Evaluation: The Moody critical model is used in the NOTRUMP code as

specified by Appendix K (10 CFR Part 50) for saturated break flow. It is

noted that the flow rate out the ADS is being predicted through addition
of the Henry /Fsuske model and the HEM critical flow model as discussed
previously. Since the ADS is a depressurization system and not an actual
break, use of these break flow models is acceptable provided that the
concern previously identified as SCSER Open Item 21.6.2.4-12 regarding use
of the smoothing logic is resolved in the NOTRUMP FV&V report.

(7) Validate the SBLOCA model with loss-of-fluid test (LOFT) facility tests
L3-1 and L3-7. In addition, validate the model with the Semiscale S-
UT-08 experimental data.

O
AP600 SDSER 21-136

_ _.



'

_

There is a need for integral as well as separate-effects test comparisons.

O The NRC identified the LOFT and Semiscale integral-system tests which
should be included as part of the code verification process. These tests
include LOFT and Semiscale integral system tests addressing SBLOCA
transients, including an examination of the continued operation of the
main coolant pumps on the system response following initiation of a small
break (L3-6). Semiscale S-07-100 was also identified as an integral test
which could be used in the benchmarking of the codes against a SBLOCA
transient where long-term core uncovery was simulated.

Evaluation: The purpose of this requirement was to demonstrate the ability
of the code to adequately deal with plugging and clearing of the steam '

generator to reactor coolant pump loop seal. The AP600 design has
eliminated the loop seal, as well as placing the steam generators entirely
above the hot-leg reactor vessel nozzle, which is above the reactor core.
Accordingly, the staff finds that this regirement is not applicable to
the analysis of the AP600 SBLOCA since there is no loop seal to prevent
the steam generator tube contents from flowing into the reactor vessel.

The modeling concerns discussed above emphasize the need to address key
phenomena governing SBLOCA response. The concerns draw further attention

to the level-swell benchmarking deficiencies identified elsewhere in this
supplement. The level-swell modeling concerns expressed by the NRC

following the TM! accident and subsequent review of the current generation
of plants is also a relevant issue for the AP600 design.

The staff is aware that Westinghouse has submitted modifications to the
NOTRUMP code incorporating a condensation model based on results of the
COSI SI/ steam condensation experiments. The COSI test facility is a |

scaled representation to the cold-leg and safety injection ports in a
Westinghouse-designed PWR. The pressure range covered by the COSI tests

is outside of the range of interest for the low-pressure conditions
expected in the AP600 SBLOCA. In addition, the AP600 design uses direct
vessel injection of the SI. Westinghouse has not referenced use of the

COSI condensation moael in any of the documentation, or RAI responses,
Oi pertaining to the NOTRUMP applicability to AP600. Use of the COSIb
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condensation model in the AP600 SBLOCA analysis will require staff review
and approval. Clarification on the use of the COSI condensation model in
the AP600 NOTRUMP code is SDSER Open Item 21.6.2.7-3.

In addition to these modeling concerns, the NUREG-0737 requirements

indicate that the effect of the operation of the main coolant pumps on |
SBLOCA response must be assessed. The AP600 SSAR, Chapter 7,

Section 7.3.2.2.2, indicates that a safety-grade, single-failure-proof,
reactor coolant pump trip is provided. As such, Westinghouse is not
required to evaluate AP600 performance with the main coolant pumps
operating.

|

|
21.6.2.8 Staff Analytical Audits

Staff analytical audits of the NOTRUMP code are being carried out using the
RELAP5 computer code. RELAP5 was developed by the NRC's Office of Nuclear

Regulatory Research for staff independent evaluation of LWR thermal-hydraulic
transient and accident responses. The staff analyses cover calculation of the
AP600 component tests, the SPES-2 and OSU integral systems tests, and several

,

AP600 SBLOCAs. The staff audit calculations are in a preliminary state at
this time. The results of the staff calculations will be reported in the
final safety evaluation report (FSER) for the AP600 NOTRUMP computer code.

21.6.2.9 Review Status

The large number of open items noted in this evaluation will have to be
addressed in the FSER. In addition, more than 100 RAls have been issued by
the staff during the review of the applicability of NOTRUMP to the AP600
SBLOCA. Westinghouse has, at the date this supplement was prepared, responded
to 89 of the RAIs. Of the 89 responses,15 refer to calculations, both
benchmark and separate-effects tests, which will be submitted at a later date
and which are, therefore, currently incomplete.

O
AP600 SDSER 21-138



__ . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .

.:.

21.6.2.10 Conclusions

O
Westinghouse developed the NOTRUMP computu code to assess the consequences of
an SBLOCA. The code was modified through introduction of model additions and

changes in 18 of the approved code's models, and the addition of component
models for the ADS, CMT, PRHR, and IRWST to make the code applicable to the ;

AP600 passive reactor design. The staff review of the code's application to
;

the AP600 SBLOCA, the component test program, and the integral systems tests !

resulted in a large number of RAIs. Westinghouse had not responded to all of
the RAls at the time this supplement was prepared.

The staff has expressed concerns about the lack of adequate assessment of many
of the models modified in the approved NOTRUMP code. In particular, the

changes to the drift-flux models, bubble rise model, and momentum equations
significantly alter the two-phase level swell capabilities of the code.
Adequate assessment of the two-phase level-swell is essential to properly-

understand the predictions of the code in a depressurizing, two-phase
.

condition which can result from an SBLOCA. Incorrectly estimating the two-

O phase level swell has a significant impact on the ability of the code to
predict the system coolant inventory, and ultimately, the likelihood of core
uncovery.

Separate-effects calculations are considered important to the assessment of

the level-swell models in NOTRUMP. The requests for additional benchmarking
are based on the lack of any existing level-swell benchmarks provided by
Westinghouse documentation. In addition, the NOTRUMP code gave non-

conservative predictions in several of the SPES-2 and OSU test cases by
overpredicting the liquid inventory in the core and upper plenum regions of
the reactor vessel. It is the staff's position that additional tests must be
analyzed for level-swell model qualification.

In addition, the staff has expressed concern about the extensive logic models
added to the code to control mixture level overshoot, region birthing, fluid
node stacking, and bubble rise. Westinghouse must demonstrate that the>

interaction of the logic models does not lead to unrealistic results. Also,
it must be demonstrated that mass and energy are conserved as mass and energy
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are redistributed when mixture regions pass through flow links and when
,

i regions are created (birthed) and removed. The " mechanical" movement of mass '

and energy in these logic schemes suggests that the models need to be
|

exercised through the benchmark calculations to assure that the conservation
laws are not being violated.

Options have been added to NOTRUMP to permit use of the momentum equation in,

volumetric fcrm and flow partitioning in the analysis of the AP600 SBLOCA.

The " options" were added to improve the performance of NOTRUMP in analyzing
i the AP600 SBLOCA. The staff does not consider these code modifications to be

optional for AP600. The position of the staff is that the " options" added to
NOTRUMP for AP600 SBLOCA analyses are required to be used for those analyses.

-

Determination of NOTRUMP compliance with the requirements of Appendix K to

10 CFR Part 50 in its application to the AP600 SBLOCA is contingent upon
"

satisfactory resolution of the open items identified in this supplement.

The staff concludes that the NOTRUMP code has been modified to include models
necessary for the AP600 plant features and the phenomena expected during an
AP600 SBLOCA, and, therefore, is applicable to the AP600 passive reactor
design. The acceptability of NOTRUMP for licensing-basis calculations depends

! upon successful closure of the open items discussed in this section.

21.6.3 MCOBRA/ TRAC Computer Code for Large-Break LOCAs

21.6.3.1 Introduction
4

For large-break loss-of-coolant accidents (LBLOCAs), Westinghouse intends to
'

use the WCOBRA/ TRAC code, WCAP-12945-P (" Code Qualification Document for Best

| Estimate LOCA Analysis"), to perform the AP600 licensing analyses.
Westinghouse has elected to use the 10 CFR 50.46 analysis option which allows

'

; application of a realistic model in conjunction with an estimate of
uncertainty. The methodology is an extension of the Westinghouse realistic
model approach for operating reactors, which is also under staff review. To
support the application of HCOBRA/ TRAC to the AP600, Westinghouse submitted

AP600 SDSER 21-140

_ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - - _ _ _ - __



__ _ _ _ . _ _ _ _ - . . . _ _ _ _. .. _ _ . _ . _ _ - . . - - _ . _ _ . _ _ .__ __ . _ _

_.

1

WCAP-14171-P ("WCOBRA/ TRAC Applicability to AP600 Large-Break Loss-of-Coolant

O Accident"), to the NRC for review and evaluation. WCAP-14171-P gives
Westinghouse's basis for applying MCOBRA/ TRAC to the AP600.

21.6.3.2 Scope of Review

An LBLOCA can be divided into several phases with unique phenomena occurring
in each phase. The most common divisions are blowdown, refill, reflood, and
long-term cooling. The blowdown phase begins when the break occurs and

continues to the time when either the accumulators start to inject or
emergency core coolant (ECC) bypass has ended and ECC begins to penetrate the !lower plenum. Refill begins when blowdown ends and continues until the lower

!
plenum level recovers to approximately the bottom of the core and sustained

!
liquid penetration in the core begins. The reflood phase begins at this time i
and, for the AP600, continues until the core quenches and the accumulators
empty. The long-term cooling period commences when the in-containment reactor
water storage tank (IRWST) injection stabilizes.

Westinghouse intends to apply MCOBRA/ TRAC to all phases of an LBLOCA. The

review in this section, however, is limited to the first three phases of the
LBLOCA - blowdown, refill, and reflood. Therefore, the staff considered
MCOBRA/ TRAC applicability from the time of the break through the time the

accumulators empty. The staff's review of the application of MCOBRA/ TRAC to
the long-term cooling portion (stabilization of IRWST injection) of an LBLOCA
is given in Section 21.6.4.

21.6.3.3 Westinghouse Approach to Demonstrating WCOBRA/ TRAC Applicability |

The Westinghouse approach starts with a comparison of the AP600 phenomena
identification and ranking table (PIRT) to the already established PIRT for a
Tour-loop cperating plant design. Additionally, the AP600 LBLOCA response is
compared to that of an operating pressurized water reactor (PWR). This

'

comparison shows the similarity of the AP600 LBLOCA response to current
plants.

O
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Westinghouse intends to demonstrate that the ECOBRA/ TRAC validation for

operating plants can be used to support MCOBRA/ TRAC applicability to the
AP600. At the same time, Westinghouse has used the PIRT and LOCA response
comparisons to identify the unique AP600 features needing additional, AP600-
specific validation. Of the unique AP600 features, direct vessel injection
(DVI) was the only feature identified as needing additional validation to
support the application of MCOBRA/ TRAC to the AP600 LBLOCA. Therefore, in
WCAP-14171-P, Westinghouse has compared HCOBRA/ TRAC to experiments that
included DVI.

Finally, Westinghouse recalculated the 95th percentile peak cladding
temperature (PCT) for the AP600 using data from WCAP-12945-P.

(1) AP600 PIRT Comparison
.

To identify unique features of tiie AP600 relative to operating plant designs,
Westinghouse compared the AP600 LBLOCA PIRT to that for an operating four-loop

|

PWR plant using the code scaling, applicability, and uncertainty (CSAU)
methodology, NUREG/CR-5249 (" Quantifying Reactor Safety Margins").

|Westinghouse found the results very similar. The major difference from the
operating plant study was the AP600 DVI design feature and the downcomer

phenomena associated with it. Westinghouse has addressed this difference by ;

using WCOBRA/ TRAC to analyze DVI tests. It chose tests conducted at the
cylindrical core test facility (CCTF) (JAERI, 1985, " Data Report on Large
Scale Reflood Test -78, CCTF Core-II Test C2-AA2", Run 58), and the upper
plenum test facility (UPTF) (" Quick Look Report Test No. 21 Downcomer
Injection Test"). The results of the analyses are summarized in
Section 21.6.3.3 (3) of this supplement.

i

(2) Comoarison of AP600 and Ooeratina Plant LBLOCAs

To demonstrate the similarity of the AP600 LBLOCA response to that for
operating plants, Westinghouse compared the AP600 response to the response for
North Anna, a three-loop PWR with 17 x 17 fuel assemblies. This plant's fuel
assembly design and vessel size are similar to those of the AP600. The

comparison shows that the AP600 LBLOCA response is.similar for the blowdown,
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,

:

i
; 1

j refill, and reflood phases of an LBLOCA. During blowdown, the initial fuel I
j heatup is followed by a blowdown cooling period. Accumulator injection begins |
| during blowdown for both plants, and both plants experience a period of ECC

bypass. During refill, the lower plenum inventory is replenished by !
,

| accumulator water while the core heats up. Reflood begins when the lower
h plenum level reaches the bottom of the core, and it is a bottom-up reflood for
! both plants.

|
4

i Westinghouse notes some differences in the two plant responses. First, the
; AP600 contains core makeup tanks (CMTs). The CMTs begin to inject at !

| approximately 2 seconds into the accident with flow lasting until 12.5
| seconds, at which point the accumulators start to inject their water.
! Westinghouse states that the amount of liquid injected from the CMT is small
! (0.5 percent of the total CMT inventory), and the injection occurs during the1

| ECC bypass period. Westinghouse has concluded that the CMT injection does not
j affect core cooling during an AP600 LBLOCA.
!

Westinghouse also notes that the AP600 accumulators have been designed to!

|/ provide extended coverage of an LBLOCA. Westinghouse has designed the AP600

fk accumulators to produce a reduced flow rate with a water volume that is
j greater than provided by the North Anna accumulators. This results in an

[ injection flow for a longer period during an LBLOCA.
2

i

Finally, the calculated AP600 response during blowdown cooling is considerably;
|

j better than the calculated North Anna response in that more core downflow
j occurs with significant rewetting of the fuel cladding. Westinghouse states
i

that this is due to a flow area between the upper head and the upper plenum
that is larger in the AP600 than that in North Anna. The larger flow area
causes more downflow through the core. As a result, the WCAP-14171-F analyses
show a WCOBRA/ TRAC calculated quenching of the core at some elevations.

Westinghouse states that some recent WCOBRA/ TRAC analyses show complete core
quenching during blowdown cooling.
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(3) WCOBRA/ TRAC Comoarisons to DVI Tests !

O1
To support WCOBRA/ TRAC's capability to correctly calculate the system response
to DVI, Westinghouse analyzed two experiments that simulated DVI: (a) CCTF Run
58 and (b) UPTF Test 21.

(a) CCTF Run 58 I
|

CCTF was a large-scale test facility designed to study the refill and reflood
system response to an LBLOCA in a four-loop PWR. The flow area scale factor
for CCTF was 1/21.4 of the reference PWR. The core was represented as a full-
height heated length of 3.66 meters (12 feet). Three loops were intact and
one loop was broken for the tests. In the core, three power levels could be
simulated. Run 58 modeled downcomer injection as part of the emergency core
cooling system (ECCS), similar to that in the AP600. During portions of the

,

test, accumulator water was also injected into the cold leg (from 85 to 116
{

seconds) and the lower plenum (from 85 to 103 seconds). In response to RAI |
440.348, Westinghouse has reanalyzed the test to add a representation of the
DVI line to the facility model which has evolved for the operating plant
review. Those results are discussed below.

Westinghouse compared the calculated and measured results for a number of
parameters. For the cladding temperature response, the calculated results
overpredicted the cladding temperatures, with the greatest overprediction at |

the 2.44- and 3.05-meter (8- and 10-foot) elevations. Quench times were
earlier than those indicated by the data. The more rapid quench progression

|

in the MCOBRA/ TRAC analysis compared to the data was attributed by
Westinghouse to the fact that the calculated results did not show the core -
downcomer oscillation observed in the test. Westinghouse explained that this
difference was the result of MCOBRA/ TRAC calculating a downcomer level that
stabilized below the downcomer injection port, whereas the downcomer level in
the CCTF test recovered to submerge the port.

The upper plenum pressure was overpredicted for most of the test because the

more rapid quench progression in the calculation resulted in steam production
that was greater than that in the test. Downcomer and core differential
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pressure comparisons show that the downcomer pressure' difference was slightly

O underpredicted and the core pressure difference was also overpredicted.
Regarding loop flows, the comparisons show that in general MCOBRA/ TRAC
overpredicted the measured steam flow and underpredicted the measured water
flow.

Westinghouse concludes that, overall, the MCOBRA/ TRAC calculation of
the system response measured in CCTF Run 58 is good.

(b) UPTF Test 21

UPTF is a full-scale model of a German four-loop PWR that was part of the
international 2D/3D (two dimensional /three dimensional) research program.The
facility was designed to be full size. The facility contains a vessel with
the top quarter of the core and upper plenum represented at full size. The
core was not simulated in Test 21 but was represented by a steam / water
injection system to set up the appropriate flow conditions in the vessel. The
loops were also full size and were represented as three intact loops and one
broken loop. Steam generator simulators were included and adjustable flow
resistance was provided to simulate tripped pumps. Test 21 consisted of five

A
runs, two of which simulated DVI - Run.272 (Phase A) and Run 274 (Phase B).
The runs and their subphases differed in terms of the injection rate, steam
flow rate, and ECC subcooling. As with CCTF Run 58, Westinghouse reanalyzed
UPTF Test 21 in response to RAI 440.348, and the results are discussed below.

Westinghouse compared the calculated versus measured results for UPTF Test 21
for a number of different parameters. The most significant parameters
compared were lower plenum liquid inventory and integrated break flow. The
comparisons show that WCOBRA/ TRAC underpredicted the liquid penetration into

the lower plenum (that is, WCOBRA/ TRAC underpredicted the liquid inventory of
the test). Consistent with this, WCOBRA/ TRAC also overpredicted the

integrated break flow (that is, MCOBRA/ TRAC overpredicted the ECC bypass).

On the basis of code / data comparisons, Westinghouse concludes that the

MCOBRA/ TRAC calculation of ECC bypass for the UPTF DVI injection tests were
conservative.

O
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(4)
Recalculation of the 95th-oercentile Peak Claddina Temoerature

Section 4 of the AP600 }{ COBRA / TRAC code applicability document (WCAP-14171-P)
|

contains a recalculation of the 95th-percentile peak cladding temperature
(PCT) for the AP600 using the code uncertainty developed in the code

| qualification document (CQD), WCAP-12945-P.
Westinghouse states that the CQD

uncertainty, developed for operating three-loop and four-loop plants, is
!

applicable to the AP600 because of the similarity of the LBLOCAs for the AP600
and operating plants.

The staff cannot determine the applicability of the operating plant
uncertainty evaluation to the AP600 until Westinghouse submits the revision to
Section 4 of WCAP-14171-P for staff review. Revision of WCAP-14171-P is SDSEROpen Item 21.6.3-1.

21.6.3.4 Staff Review Summary

In this section, the staff summarizes its review, to date, of the information
,

!

in the code applicability document, WCAP-14171-P, and in Westinghouse RAI
responses.

(1) Review of AP600 PIRT Comparison

Westinghouse concluded that the AP600 PIRT is similar to that developed in the
i

CSAU study for a four-loop PWR.
Some differences were noted, however, because

of the use of DVI to deliver the ECC in the AP600 (rather than cold-leg
inje'ction as in Westinghouse operating four-loop PWRs). The assessment was
provided in the code applicability document (WCAP-14171-P).

As part of the review and confirmatory process, the staff also developed an
AP600 PIRT for LBLOCAs and compared it with Westinghouse's CSAU PIRT.The

staff noted there were differences in the PIRTs because of the AP600 design
details, but the differences were not significant. There are no new phenomena
identified in the staff's AP600 LBLOCA PIRT.

The staff agrees with the Westinghouse evaluation that the AP600 LBLOCA PIRT
is similar to that for an operating four-loop plant. However, there are
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|

I

still several issues related to the Westinghouse AP600 PIRT. These issues are

O a result of differences between the MCOBRA/ TRAC analysis for the operating'

plant review and an NRC audit calculation using TRAC-PF1/M002,(NUREG/CR-5673,
" TRAC-PF1/M002 Code Manual-Theory Manual"). On the basis of these

!

calculational differences, the staff is still assessing the numerical ranking
given by Westinghouse to some AP600 phenomena in the PIRT. At this stage of
the review, the PIRT numerical ranking is important because it determines the
phenomena that are most important for the uncertainty analysis. {

The numerical '

ranking of the WCOBRA/ TRAC AP600 LBLOCA PIRT parameters is SDSER Open
item 21.6.3-2.

(2) Review of AP600 and Operatina Plant LBLOCA Comoarison

Westinghouse compared the AP600 LBLOCA response to that for the North Anna
plant, a three-loop PWR with 17 x 17 fuel assemblies. AS noted by

iWestinghouse,

During blowdown, the initial fuel heatup is followed by a blowdown cooling
*

O Accumulator injection begins during blowdown for both plants, and
period.

both plants experience a period of emergency core coolant (ECC) bypass.,

During refill, the lower plenum inventory is replenished by accumulator
*

water while the core heats up.
'

Reflood begins when the lower plenum level reaches the bottom of the core,
*

- and it is a bottom-up reflood for both plants.

Regarding the differences noted by Westinghouse between AP600 and operating
,

plant LBLOCAs, as discussed in Section 3.2 of WCAP-14171-P, the staff agrees
with Westinghouse that CMT injection does not affect core covering for an
LBLOCA.

This conclusion is justified because only a-small amount of liquid
injected from the CKis and the occurrence of the injection during the ECC
bypass period. Although the AP600 accumulators are designed to provide
extended coverage during an LBLOCA, through reduced flow rates and larger
water volumes, the staff concludes that these differences can be reasonably

O accommodated by appropriately modeling the accumulator in MCOBRA/ TRAC. The
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AP600 accumulator design is basically the same as that in an operating plant -
a tank of pressurized nitrogen over water. The AP600 design changes in the
MCOBRA/ TRAC model require representation of the larger water volume and

calibration the accumulator model to give the design flow rate. Both of these
are standard modeling techniques for representing accumulator differences in
operating plants.

However, the staff does have one issue unresolved related to the comparison of |

AP600 and operating plant response during the blowdown cooling phase.

Specifically, the calculated AP600 response during blowdown cooling is
considerably better than the calculated North Anna response. This appears to
be due to more core downflow in the AP600 design with significant rewetting of
the fuel cladding resulting in a complete core quench in the AP600. This
issue is addressed in RAI 440.347. The staff is still reviewing
Westinghouse's response to this RAI. AP600 blowdown cooling due to downflow
is SDSER Open Item 21.6.3-3. ;

I

(3) Review of DVI Assessments

eThe DVI assessments are important because they are needed to demonstrate the

applicability of MCOBRA/ TRAC to the calculation of the AP600 DVI. Also,
because of the limited DVI database, MCOBRA/ TRAC's capability to calculate the
tests analyzed underscores the importance. Westinghouse analyzed CCTF Run 58

and portions of UPTF Test 21 because these tests included DVI as part of the
emergency core cooling system.

(a) CCTF Run 58

The MCOBRA/ TRAC results for CCTF Run 58 are given in the response to RAI

440.348. The calculated results overpredicted the cladding temperatures
especially at the upper elevations. The test PCT was overpredicted by
approximately 16.7 *C (30 *F) (MCOBRA/ TRAC 871 *C (1600 F) and test 854 "C
(1570 *F)). Although MCOBRA/ TRAC overpredicted the data, some of the details
of the calculation are still under review.

O
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One area the staff is still reviewing is the absence of core - downcomer
oscillations in the WCOBRA/ TRAC analysis of CCTF Run 58. This absence results,

'
in the more rapid quench front progression. The absence of core - downcomer
oscillations in the WCOBRA/ TRAC analysis of CCTF Run 58 is SDSER Open
Item 21.6.3-4. Additional discussion is given in Section 21.6.3.3 (3).

The staff continues to review the downcomer and core differential pressure
differences between the WCOBRA/ TRAC analysis and CCTF Run 58 data as discussed

!
in Section 21.6.3.3 (3). The significance of these pressure differences in !
the CCTF comparison is SDSER Open Item 21.6.3-5. The staff is also assessing~

the loop flows discussed in Section 21.6.3.3 (3), which show, in general, that
WCOBRA/ TRAC overpredicts the measured steam flow and underpredicts the

measured water flow when compared to CCTF Run 58. The significance of the
loop flow differences in the CCTF comparison is SDSER Open Item 21.6.3-6.

(b) UPTF Test 21

:

Review of the WCOBRA/ TRAC results for UPTF Test 21, Run 272 (Phase A) and Run
274

4

.

;

(Phase B), supports the Westinghouse conclusions that WCOBRA/ TRAC can
,

calculate the AP600 DVI. These comparisons were provided to the staff in RAI
|'

response 440.348. The calculations, as discussed in Section 21.6.3.3 (3),
resulted in less liquid penetration into the lower plenum and higher ECC'

bypass in comparison to the test results.

i

The UPTF test comparison does indicate that WCOBRA/ TRAC overpredicts ECC'

bypass. However, the staff notes that there is one issue related to the DVI
location in the UPTF compared to that in the AP600. In its response to RAI
440.344, Westinghouse noted that the DVI location in the UPTF is at

approximately the same elevation as the hot and cold legs, while the DVI

location in the AP600 is approximately 0.9 meters (3 feet) below the cold-leg
centerline. Westinghouse needs to address the impact of this difference on
extending the UPTF results to the AP600 and on Westinghouse's conclusion that
WCOBRA/ TRAC will conservatively calculate ECC bypass in the AP600. This is

i SDSER Open Item 21.6.3-7.

. O
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(4) Review of the 95th-percentile PCT Calculation

O1 In Section 4 of WCAP-14171-P, Westinghouse recalculated the AP600 95th-

percentile PCT based on a superbound approach methodology. However, this is
inconsistent with the uncertainty approach use in the best-estimate
application of WCOBRA/ TRAC, pursuant to 10 CFR Part 50.46, which has been
developed for three-loop and four-loop operating plants. Westinghouse still
needs to submit the details of the application of the revised uncertainty
calculations to the AP600 for review. SDSER Open Item 21.6.3-1 has already
been identified for this issue.,

21.6.3.5 Review Summary
i

|
'

The staff review is still in progress. Additional RAls will be issued as the
| review progresses. The staff review to date can be summarized as follows: I

The staff agrees with the Westinghouse evaluation that the AP600 LBLOCA*

|

] PIRT is similar to that for an operating four-loop plant. However, the I

staff is continuing its assessment of the Westinghouse numerical ranking
given for phenomena in the AP600 PIRT. The PIRT numerical ranking is
important because it determines the phenomena that are most important for

;

the uncertainty analysis.4

.

The staff agrees with Westinghouse's evaluation that the AP600 LBLOCA*
;

response is similar to that for operating plants. However, the AP600

response during blowdown cooling is considerably better than the predicted,

North Anna response because more core downflow in the AP600 results in
significant rewetting of the fuel cladding. In some cases, it can result
in a complete core quench. This item is still under review.

,

On the basis of DVI assessments in WCAP-14171-P and Westinghouse's*

response to RAI 440.348, the staff agrees that WCOBRA/ TRAC calculations
!

overpredict the data for PCT and ECC bypass. However, the staff is
continuing to review this area. It needs to better understand how the
absence of core - downcomer oscillations in the MCOBRA/ TRAC pr' dictions ofe

the CCTF test analysis results in more rapid quench front propagation
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;
,

!
!
;

i
compared to the test data. Additionally, staff assessment of the effects

i' i

-
of differences in the DVI location between the UPTF tests and the AP600 is!\ .

ongoing, including Westinghouse's conclusion that the UPTF test results
f demonstrate WCOBRA/ TRAC will conservatively calculate ECC bypass in the I

i

! AP600.

I )
-

The AP600 uncertainty methodology is currently inconsistent with the best-
*

!
estimate approach developed for three-loop and four-loop operating plants.

[ Westinghouse has committed to revise its methodology to be consistent with
; the best-estimate approach. Westinghouse still needs to submit details of'

the application of this methodology to the AP600. Applicability of .
j

WCOBRA/ TRAC to AP600 is predicated on approval of this code for operating
!-

plants. Accordingly, the staff cannot make a final determination of
MCOBRA/ TRAC applicability to the AP600 until it completes the operating

i
plant review of WCOBRA/ TRAC.

!
.
'

j 21.6.3.6 Conclusions
!

[ The staff concludes that WCOBRA/ TRAC has been modified to include modelsI;N
necessary for the AP600' plant features.and the phenomena expected during an

| AP600 LBLOCA and, therefore, is applicable to the AP600 passive reactor
j

design. The acceptability of WCOBRA/ TRAC for AP600 licensing-basis
j calculations depends on successful. closure of the open items discussed in this
| supplement.
t-

i

| 21.6.4 WCOBRA/ TRAC Computer Code for Long-Term Cooling

!
! 21.6.4.1 Introduction
;

I

j The long term cooling (LTC) phase of a loss-of-coolant accident (LOCA)
; initiates with the establishment of steady-state flow into the reactor vessel

{
' from the in-containment refueling water storage tank (IRWST) through either of;

two direct vessel injection (DVI) lines. As the IRWST empties, the source of
.i vessel injection flow switches to the containment sump. The cooling process
{ has no direct parallel in operating reactors. No pumps are used in any phase

of the event, and the reactor coolant water boiloff in the core is condensed
.

A
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in the containment. The condensate is returned by gravity to the IRWST or

containment sump, and the heat is transferred to the environment through the

containment shell. The coolant then re-enters the reactor vessel from the
IRWST or sump by gravity. These systems are designed to provide adequate
reactor cooling for an extended period of time, without outside intervention
or supply of power.

Westinghouse has evaluated the LTC system performance of the AP600 using the
MCOBRA/ TRAC code. A description of the general methodology and analysis of
LTC events using MCOBRA/ TRAC can be found in the draft submittal of the AP600
SSAR for Chapter 15 transmitted by Westinghouse Letters NTD-NRC-95-4480
(June 2, 1995) and NTD-NRC-95-4503 (July 10, 1995). Westinghouse has also
submitted a preliminary validation report on WCOBRA/ TRAC for LTC (LTCT-

GSR-003,"WCOBRA/ TRAC OSU Long Term Cooling Preliminary Validation Report").
The report compares HCOBRA/ TRAC LTC predictions to the results of the Oregon
State University (OSU) simulated experiments.

The NRC staff is reviewing the adequacy of the AP600' emergency core cooling
system (ECCS) design for LTC as required by 10 CFR 50.46.

,

21.6.4.2 Review Objectives

The general objective of the LTC analyses is to confirm that the passive
systems are adequate in the long term to maintain core coverage and to show
that boron precipitation will not be significant. Excessive boron
precipitation could cause a criticality concern or could cause flow blockage
in the lower plenum. The specific objectives of this review can be summarized
as follows:

to ascertain if the core is effectively cooled throughout the entire LTC
*

part of the transient

to ensure that boric acid concentration in the core will be stable
*

to ensure that the application of HCOBRA/ TRAC, as used in the analysis of
*

the LTC part of the transient, satisfies the applicable requirements of
j
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10 CFR 50.46(b)(5), which states, "After any calculated successful initial
operation of the ECCS... decay heat shall be removed for an extended period

\
of time required by the long-lived radioactivity remaining in the core."

21.6.4.3 Analysis Methodology

Drainage of the IRWST into the reactor vessel and flow from the sump into the
reactor vessel are both slow processes which occur over long periods of time.
Analysis over such times is impractical due to the computing time involved;
thus, Westinghouse has proposed to perform explicit analyses for limited
distinct time periods or " windows." WCOBRA/ TRAC is to be used for the
explicit analysis of each window. Westinghouse states that the windows chosen

to be analyzed will be shown by engineering assessment to be more limiting
than any other period during an LTC event.

Both small- and large-break LOCAs (SBLOCAs and LBLOCAs) are considered as

initiators. The end conditions of the HCOBRA/ TRAC LBLOCA analysis or of the
NOTRUMP SBLOCA analysis determine the initial conditions for the window

O initiating the LTC.
Initial conditions for later windows are estimated fromV previous windows. Westinghouse states, however, that the solution will

converge to the correct parameter values with no dependence on initial
conditions for the window. The LTC proceeds with a sequence progression of

'

quasi-steady-state states. The window width is defined by achieving a quasi-
steady state in thermal-hydraulic conditions. The time selected for each
window is based on the anticipated phenomena in the transient. Important

iparameters include decay heat load and the IRWST temperature transition. In '

this mode, segments of about 1,000 seconds are typically analyzed.

21.6.4.4 SSAR Analyses
|

In the draft Chapter 15 SSAR analyses of LTC events, Westinghouse examined two
events: one was a double-ended cold-leg guillotine (DECLG) break with LTC
beginning at IRWST injection; the other was an SBLOCA with LTC again
beginning at IRWST injection. Two windows were presented for the LBLOCA; one

extended over the IRWST injection period and the other initiated with sump I

O injection. In the SBLOCA window, the temperature transition of IRWST water as
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a result of the heat transferred from the passive residual heat removal (PRHR)
system and the automatic depressurization system (ADS) to the top of the IRWST
were. examined.

,

The starting time for the first window of the DECLG-break LTC event was after
the IRWST injection had begun. Core makeup tanks (CMTs) had drained to the

|low-low level, and ADS stage-4 (ADS-4) valves had opened to initiate IRWST
|injection.

One of the fourth stage ADS valves was assumed to fail to open. I

The initial conditions for the window are supplied from the !! COBRA / TRAC LBLOCA
'

output results (after reflood) including temperatures of metal parts. The
initial fuel rod temperatures, however, were arbitrarily specified as
saturation temperature for all fuel rods. They were expected to readjust as
the calculation proceeded. The containment pressure was assumed to be 55 kPa

(8 psi), which is the pressure at the end of the LBLOCA calculation supplied
by MG0THIC.

The LTC transient was not run interactively with MGOTHIC; thus,
no pressure variation was allowed during the transient. The window width was
1,200 seconds, of which the first 500 seconds were the adjustment period.

For the second calculational window of the DECLG-break LTC event, the sump
injection portion of the transient was examined. The starting time was at the
opening of the squib valves in the DVI lines to the reactor building sump. As

in the previous case, one of the fourth stage ADS valves was assumed to fail.
Additionally, it was assumed that the containment gutters do not return
condensate to the IRWST because the gutters are not safety related. The

initial conditions were determined from the HCOBRA/ TRAC LTC calculated
conditions of the previous window including vessel inventory. The collapsed

core level was at 3.05 meters (10 feet) (relative to the bottom of the heated
core) and the collapsed level in the upper plenum was 1.2 meters (4 feet).
The liquid level in the sump was 1.8 meters (6 feet) above the DVI line
connection. The containment pressure was also assumed to be 55 kPa (8 psi).
The window width was 700 seconds.

The SBLOCA event consisted of a 5.08 cm (2-inch) break at the bottom of the
non-PRHR loop. The window boundary conditions for LTC after this SBLOCA began
with IRWST injection upon the opening of the ADS stage-4 squib valves. This
coincided with the end of the NOTRUMP analysis. One stage-4 ADS valve in the
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non-PRHR loop was assumed to fail to open. In addition, it was assumed that

O the temperature of the remaining IRWST water increased to saturation (127 *C
(260 *F)) at 550 seconds into the transient. The initial coolant inventory,
along with coolant and metal temperatures wore determined from the NOTRUMP
analysis of the SBLOCA transient. The containment pressure was assumed to be

!

at 55 kPa (8 psi), that is, the end value of the MG0THIC calculation for the
first part of the SBLOCA. The window width was 1,600 seconds divided into

!
four segments: 0-400 seconds - initiation period, 400-550 seconds - stable
period corresponding to subcooled IRWST injection, 550-1,300 seconds - an

unstable period while the IRWST injection shifts to saturated water injection,
and 1,300-1,600 seconds - also a stable period corresponding to saturated
IRWST water injection.

The draft SSAR Chapter 15, Appendix E, which contains a description of the
MCOBRA/ TRAC noding, states that the number of nodes for LTC analyses relative
to the blowdown analysis has been reduced. Also, the vessel channels are used
in the horizontal portions of-the cold and hot leg, thus allowing the liquid
and vapor phases to be explicitly represented and allowing for interphase
slip.

21.6.4.5 SSAR Assessment

The early part of any LOCA transient (i.e., blowdown, natural circulation, or
ADS blowdown to initiation of IRWST injection) is of interest in this part of
the review for the determination of the initial and boundary conditions.
However, WCOBRA/ TRAC LBLOCA, NOTRUMP, and MG0THIC are still under review and,'

consequently, approval of MCOBRA/ TRAC for LTC calculations is contingent on
the initial transient codes being approved for the AP600. Although '

Westinghouse has stated that the LTC transient is not sensitive to variations
in the initial conditions, this has not been demonstrated. The acceptability
of the initial and boundary conditions for the window calculations is SDSER
Open item 21.6.4-1.

O
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On the basis of SSAR LTC analyses of an DECLG break, the staff has the
following concerns:

Failure of one ADS-4 valve was assumed as the single failure. No*

qualifying arguments were proposed for the selection of this as the worst-

case single failure. Westinghouse needs to justify the choice of single
failure. This is SDSER Open Item 21.6.4-2.

A containment pressure of 55 kPa (8 psi) was assumed for the analysis.*

This pressure was calculated as the endpoint pressure in the LBLOCA

analysis using )(GOTHIC. No qualifying arguments were proposed to justify
this pressure and why it should stay constant throughout the LTC part of
the transient. Analysis of containment and vessel pressure versus time in
the evolution of the LTC scenario is needed. This is SDSER Open
Item 21.6.4-3.

The sump injection window of the DECLG break covered the early part of.

sump injection at which time the sump water was still subcooled by about '

11 *C (20 *F). The driving head was less than 1.8 meters (6 feet) of '

water. If the sump water were saturated, the pressure differentials would
be less favorable for sump injection. A detailed account of the pressure
variation in the vessel and the pressure losses due to the flow in the
vessel is needed. This is SDSER Open Item 21.6.4-4.

During the sump injection window of the DECLG break, the total injection*

flow was calculated at 31.8 kg/sec (70 lb/sec), while the total outflow
from the vessel was calculated at 34 kg/sec (75 lb/sec). The discrepancy
is not significant in the context of this window width, but it may
indicate a problec for the mass and momentum solution of the transient.
This is SDSER Open item 21.6.4-5.

During the sump injection window of the DECLG break, the void fractions in*

the upper part of the core were calculated. The void distribution results
do not seem to be realistic. For example, there is a void in the fourth-
segment elevation lasting about 140 seconds, while at the same time the

fifth segment shows low voiding and the sixth segment again shows high
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voiding. Clarification of the void fraction predictions is SDSER Open
Item 21.6.4-6.

If the water in the sump was saturated during LTC and the void' fraction*

was higher: (1) the peak cladding temperature could be higher and (2) the
pressure distributions would be different. Westinghouse should address
these concerns. This is SDSER Open Item 21.6.4-7.

The two windows chosen for the DECLG-break LTC analysis do not convey a
*

sense of continuity. Coolant inventory as a function of time for thea

transient is not included in the analysis. More windows are needed to
!

make convincing arguments for the effectiveness of the passive cooling
system. This is SDSER Open Item 21.6.4-8.

Additionally, the staff has the following generic concerns based on its review
of the draft Chapter 15 SSAR analyses.

Westinghouse states that there is adequate flow to cool the core and to*

O prevent boron precipitation. No specific arguments were presented to
i

support.the statement about boron precipitation. It is apparent that
during LTC there will be significant temperature gradients in the vessel

'

plenum and in the sump. Therefore, boron precipitation will' be present to
some degree. However, for the time scale envisioned in the LTC analysis,
such precipitation could cause either a flow obstruction or recriticality;
thus, boron precipitation should be addressed. This is SDSER Open
Item 21.6.4-9.

,

!

Westinghouse states that the LTC cooling systems are designed to provide
*

adequate cooling indefinitely without outside intervention or a power
supply. However, the following items were not discussed: the effect of
water holdup or diversion in containment, water loss through containment
leakage, or the need to replenish any water lost from containment because
of leakage. This is SDSER Open item 21.6.4-10.

LTC is a slowly developing calculation when performing a LOCA analysis.*

The staff agrees that a window approach is a suitable method to address
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the entire LTC period. However, the adequacy of the windows selected as
representative of LTC event is SDSER Open Item 21.6.4-11.

The LBLOCA analysis terminates at the end of accumulator discharge.
*

The
LTC analysis initiates with IRWST flow stabilization. There is a gap in
the analysis between the end of accumulator discharge and IRWST flow

stabilization; this includes CMT discharge and IRWST injection initiation.
Westinghouse needs to address the portion of the transient between LBLOCA
and LTC will be analyzed. This is SDSER Open Item 21.6.4-12.

21.6.4.6 Code Qualification

I

Westinghouse submitted report LTCT-GSR-003 ("HCOBRA/ TRAC, OSU Long-Term
|

Cooling Preliminary Validation Report") to validate HCOBRA/ TRAC against LTC
data. The stated objective of this document is "to examine the ability of the

'

code to predict key thermal-hydraulic phenomena, as defined in the PIRT |

[ phenomena identification and ranking table), that have occurred during
selected transient tests."

OThe OSU facility is a '1/4-scale model of the AP600. It is an integral test
facility designed to operate up to 2.76 MPa (400 psi) and 232 C (450 'F) .
The facility simulates the following reactor systems: RCS, ADS, steam
generator (primary side), passive core cooling system, chemical and volume
control system (partial) and the normal residual heat removal system
(partial). The connections and the RCS interactions with the containment
during transients are not simulated. The cold- and hot-leg modeling allows
countercurrent flow and stratification. The reactor power shape, the
pressurizer, and the core makeup tanks required special code revisions for
their representation.

The following four OSU transients were analyzed to validate HCOBRA/ TRAC for
LTC:

SBOL: 5.08 cm (2-inch) cold-leg break (reference case).
.

O
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SB10:
Double-ended balance line break (similar to SBOL with flow

*

O i

asymmetries).Q !

SB12: Double-ended DVI line break. Sump injection is achieved early
*

with high core decay power.

SB21: 10.2 cm (4-inch) break at top and bottom of cold-leg 3. Rapid
a

blowdown with early IRWST and sump injection at high core decay
power is achieved.

The results of the simulation experiments and the corresponding analyses .are
presented in two sets.

The first set covers the transient to the IRWST
injection flow and defines initial and boundary conditions. The second set
includes the LTC runs and their analyses.

l

Questions from the review of the experimental and calculated results were
forwarded to Westinghouse in a set of requests for additional information
(RAls) which have not yet been fully addressed. Acceptable resolution of RAI '

responses related to MCOBRA/ TRAC-LTC is SDSER Open Item 21.6.4-13.

Additional issues related to the OSU qualification testing are summarized
below:

Westinghouse should integrate a simulation of the containment response
*

with the AP600 simulated transient calculations. This is SDSER Open
Item 21.6.4-14.

Westinghouse stated that there were some errors in the flow resistance and
*

heat transfer coefficients used to analyze OSU. Westinghouse has

committed to reanalyze the simulated transients with corrected parameters.
This is SDSER Open Item 21.6.4-15.

Westinghouse should justify the use of a window approach in analyzing the
*

OSU transient; i.e., provide evidence that the solution converges to the
correct function regardless of initial condition approximations. This is
SDSER Open Item 21.6.4-16.
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Westinghouse should explain how the code qualification with respect to l
*

pressure differences in the LTC transient is affected by inaccuracies in
instrumentation measurements. This is SDSER Open Item 21.6.4-17.

.

Westinghouse should verify flow direction and the correct evolution of a
*

calculated transient in the OSU analyses. This is SDSER Open
Item 21.6.4-18.

21.6.4.7 Conclusions

The staff concludes that WCOBRA/ TRAC has been modified to include models
necessary for the AP600 plant features and the phenomena expected during AP600
LTC. The staff also agrees with the use of the windows approach for LTC
analyses.

However, the acceptability of MCOBRA/ TRAC for AP600 licensing-basis
calculations depends on the successful closure of the open items discussed in
this supplement as well as of any additional RAls which may be generated by
the staff during its ongoing review.

21.6.5 WG0THIC Computer Program for Containment Analysis

Introduction

MGOTHIC is used to perform the design-basis accident (DBA) analyses of the
AP600 passive coatainment cooling system (PCS) to demonstrate compliance with
HRC rules and regulations concerning containment performance. The staff
review and approval of the MG0THIC computer program is limited to its
application to the AP600 for the DBA evaluation of the PCS.

The MG0THIC computer program is a modified version of the GOTHIC containment
Analysis computer program. The GOTHIC computer program is a containment

analysis package that was selected by the Electric Power Research Institute
(EPRI) ind a national users group (mostly energy-related utilities) for
development as a reference containment analysis computer program. The GOTHIC
computer program has, in turn, been developed through a long history from

other qualified thermal-hydraulic computer programs, including FATHOMS (1986),
COBRA-NC/NAI (1985), and NRC's COBRA-NC (1983).
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Westinghouse submitted WCAP-13246 (" Westinghouse-GOTHIC: A Computer Code for
the Analyses of Thermal Hydraulic Transients for Nuclear Plant Containmentsm./ and Auxiliary Buildings") in July 1992. In WCAP-13246, Westinghouse describes

,

the WG0THIC models, the NG0THIC qualification process, and the application of'

the WG0THIC methodology for conducting transient and accident analyses for the
AP600 design currently under review for design certification under 10 CFR
Part 52.

The WG0THIC computer program contains a mixed-convection model, a subcooling
model, and a " clime" model for the external cooling water and air annulus.
Westinghouse submitted WCAP-14382 ("WG0THIC - Code Description and

!Validation") in May 1995.
The report updates the clime model description, and

provides comparisons to some of the results from the large-scale tests.

Westinghouse plans to use the MGOTHIC computer program as a licensing tool for
;

performing containment transient and accident analyses for its AP600 DBAs.

For this reason, the staff must review these reports and supporting
documentation as part of the Westinghouse AP600 SSAR review. The staff review
and approval of the WG0THIC computer program is limited to its application to

v
the AP600 for the DBA evaluation of the PCS.

The documentation referenced in Appendix A to WCAP-13246 is based on Version

3.4e of GOTHIC and contains errors, as reported in an EPRI-sponsored review
(" GOTHIC Design Review Final Report"), RA-93-10, September 30, 1993. This
report, referred to as the " peer review" was submitte,1 to the staff, on behalf
of EPRI, by Westinghouse letter NTD-NRC-95-4462 (May 13, 1995). Note that
Westinghouse was represented on the peer panel.

The documentation errors found in WCAP-13246 and the base GOTHIC computer
program Version 3.4, as identified during the peer review, include areas in
which the documentation is inconsistent with the models used in the computer
program coding, actual errors existed in the FORTRAN coding implementation of
some models, and in some cases, the documentation is insufficient to fully
explain some models and features of the ccmputer program. Some of these

errors were noted by the Advisory Committee on Reactor Safeguards (ACRS)

O
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consultants during the March 29 - 30 1995, ACRS Thermal-Hydraulic Phenomena
Subcommittee meeting on the LST and MG0THIC review status. '

On behalf of EPRI, and to support the MG0THIC review, Westinghouse submitted a
three-volume set of revised GOTHIC documentation by letter NTD-NRC-95-4563
(September 21,1995):

L.E. Wiles et al., "G0THIC Containment Analysis Package Qualification
e

j
Report," Numerical Applications, Inc., NAI8907-09, Revision 2, Version (4.0, September 1993

T.L. George et al., " GOTHIC Containment Analysis Package Technical,"
*

Manual, Numerical Applications, Inc., NAI8907-06, Revision 3, Version 4.0,
September 1993

T.L. George et al., " GOTHIC Containment Analysis Package User Manual,"
*

Numerical Applications, Inc., NAI8907-02, Revision 4, Version 4.0,
September 1993

OThe peer review report (EPRI report RA-93-10) and the three GOTHIC Version 4.0
reports remain the intellectual property of EPRI. EPRI required that '

independent non-disclosure agreements be in place before the staff provided
these reports to staff contractors for review.

Review Process and Scooe

The AP600 design minimizes reliance on active engineered safety features
(cooling systems such as containment sprays and fan coolers) which meet the
defense-in-depth philosophy of the current generation of light-water reactor
(LWR) containment designs. Instead, the AP600 relies upon such passive
cooling mechanisms as heat transfer through the steel containment shell to
cooling water (PCS) flowing over the exterior containment surface. There the
water evaporates to provide a reliable first-principle based heat removal
capability.

O
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The demonstration of the effectiveness, behavior, and predictability of the;O
!

heat removal capability lies within a body of developing technical data
derived from various scale testing and mathematical modeling. Previously,
such needs were not critical because of the robust active cooling systems that

;
,

;
were part of the engineered safety systems. However, with the reliance nowI

being placed on passive cooling mechanisms, greater analytical capability
supported by experimental data is required to confidently predict the

;
'

containment response to DBAs. The staff is evaluating the technical data
j- developed by Westinghouse. It has directed its major efforts toward the

review of the WG0THIC computer program (such as the mathematical model,3

i assumptions, and test data and correlations) for calculating post-accident
pressure and temperature histories. Up to this point, MG0THIC has not been

used as a licensing tool for containment analyses although its predecessor,
'

the GOTHIC computer program developed by EPRI and utility owners, has been
'

used by licensees.
The staff review and approval of the MG0THIC computer

program is limited to its application to the AP600 for the DBA evaluation of
; the PCS. On the basis of the information presently available, the staff

review of WG0THIC raised a number of questions and concerns in critical areas

O' on its use for the AP600 containment analyses in support of design
'

certification.

Annlicable Reauirements and Acceptance Criteria

The current licensing basis for containment designs is delineated in the
Chapter 6.2 series of the SRP. In all cases, the acceptance criteria include
a margin between the design pressure and the calculated peak accident
pressure. The margin varies from an acceptable 10 percent at the construction'

permit stage, to a peak calculated pressure "less than the containment design
pressure" at the operating license stage. Thus, even in instances in which
much data and information are known, and the staff possessed independent
review and calculational capability, a margin is required by the staff to
cover uncertainties to satisfy General Design Criterion (GDC) 16 -
" Containment design" and GDC 50 " Containment design basis."

For the PCS, Westinghouse established a criterion that the calculated peak
accident pressure will not exceed the design pressure (the zero margin
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criterion). In meeting this criterion, Westinghouse has indicated that a
bounding type of calculation will be used rather than perform an analysis that
would quantify the uncertainties. A!. this stage of review, little information
is known, understanding is incomplete, and conservatism cannot be quantified.

1

Therefore, what is considered to be a " bounding type of calculation" is yet to
be defined.

To satisfy GDC 38 " Containment heat removal," Westinghouse proposes that the
post-accident pressure not exceed 50 percent of the design pressure within the
24-hour period following the postulated accident. On the other hand, SRP
Section 6.2.1.1.A, states that the 24-hour post-accident pressure not exceed
50 percent of the peak calculated accident pressure. The staff's review of'

compliance of the AP600 design with GDC 38 is addressed under DSER Open Item
, 6.2.1.1-7 of the DSER.
1

WG0THIC Comouter Proaram Description *

Westinghouse-GOTHIC (MG0THIC) is a thermal-hydraulic computer program for the
analysis of containments. It solves the conservation equations for mass,
energy, and momentum for multicomponent flow. The momentum conservation
equations are written separately for each phase in the flow field (drops,
liquid pools, and atmosphere vapor). The following terms are included in the

'

momentum equation: storage, convection, surface stress, body force, boundary
source, phase interface source, and equipment source. The MG0THIC computer

program is used to calculate the containment thermal-hydraulic response to
>

mass, momentum, and energy releases from postulated pipe-break scenarios. It

is also used to assess transport of non-condensibles such as hydrogen.
MG0THIC allows the user to model the containment with either a lumped-
parameter approach or with a distributed-parameter approach (also known as ai

subdivided volume model).i

The WG0THIC computer program is a modified version of the GOTHIC containment

analysis computer program. HG0THIC contains a model for the AP600 PCS,
referred to as the " clime" model. To validate the clime model, Westinghouse
performed testing in a 1/8-scale test facility, referred to as the large-scale'

test (LST) facility.
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21.6.5.1 Closure Relationships and Correlations

Westinghouse submitted AP600 "roadmaps" to outline the PCS DBA methodology in
Letter NTD-NRC-95-4545 (August 21,1995). The roadmaps are intended to assist
the staff's review and have been chosen as a means to identify closure

i
relationships for the WG0THIC computer program review and the AP600 PCS

i
analyses. All important physical phenomena that will occur in the AP600 under

the accident conditions of interest need to be identified to demonstrate that j
all the important physical processes have been modeled in the LST experiments j
and in the WGOTHIC computer program. One method of identification is through |

the development of a phenomena identification and ranking table (PIRT). The |
PIRT methodology provides a framework where physical processes in a specific
containment geometry under specified accident sequences are first identified
and then ranked in terms of their importance to integral effects, such as
pressure and temperature. A PIRT is generally developed from expert opinions
provided by a group of knowledgeable analysts. The use of a group of experts,
rather than a single analyst, increases the chances that all important
phenomena have been identified and included in the PIRT, and that the rankingsQ have accurately characterized each specific phenomena as being of high,O medium, or low importance to the integral quantities of interest. l

Two tables, based on the PIRT existing at that time, were developed by
Westinghouse - one for inside containment issues and one for outside

containment issues. Tables 21.11 and 21.12 summarize the rankings for issue
importance are defined as H - High; M - Medium; and L - Low. No entry under
"Section" indicates that the staff has not identified any significant concerns
with the issue and is in general agreement with the Westinghouse position.
However, as the staff continues its review of the new conservative, bounding
DBA evaluation model, Westinghouse may need to provide additional information
to reach full closure in some areas.

|

|
|

O
'

1
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Table 21.11

PIRT Application to Evaluation Model -- Summary of Phenomena Inside Containment

Phenomena Inside Containment WEC StaffIssue Section Description Rank Rank
VOLUME MODULE

1.I.A Multi-compartment compressible gases H H |

. 1.I.B Heat and Mass Buoyancy-induced flow (distributed H H
'

Transfer Models model for upper containment, lumped
parameter for below deck nodes)

1.I.C Noncondensible Flow field stratification and jet L MStratification effects
and Separation
Models

SURFACE MODULE

1.II.A Heat and Mass Liquid film heat transfer M MTransfer Models

1.II.B Heat and Mass Liquid film stability / rainout L MTransfer Models effects (mist & droplet condensation
on shell)

1.II.C Heat and Mass Liquid film enthalpy transport M LTransfer Models

1.II.D Heat and Mass Free convection heat transfer L LTransfer Models 1

1.II.E Forced convection heat transfer L N/A"'
l.II.F Radiation heat transfer L N/A
1.II.G Heat and Mass Free convection mass transfer H HTransfer Models

1.II.H Forced convection mass transfer L N/A
SOLIOS MODULE

1.III.A Heat and Mass Conduction to internal heat sinks H HTrans'fer Models

INTER-MODULE MODULE

1.IV.A Convection energy transport between L L
nodes

1.IV.B Conduction through shell H H

1.IV.C Nancondensible Form and friction losses L MStratification
| and Separation

Models

(1) N/A - This model is not included in the Westinghouse WG0THIC model.
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Table 21.12

j PIRT Application to Evaluation Model - Summary of Phenomena
'

Outside Containment
I
a
4

Phenomena Outside Containment WEC Staff! Issue Section Description Rank Rank
: VOLUME MODULE
a

j- 2.I.A Multi-compartment compressible H Hj gases
; 2.I.B
! Buoyancy-induced flow (lumped H H

para-meter model of

| downcomer/ annulus)
! 2.I.C Condensation & Flow field L Mi Evaporation stratification / stabilityi Models

i SURFACE MODULE
4

, 2.II.A Heat and Mass Liquid film heat transfer M M}. Transfer Models
.

; 2.II.B PCS Water PCS water coverage fractions H H; Coverage & Film
j Tracking
i 2.II.C Heat transfer to subcooled liquid M M;

;- 2.I1.0 Free convection heat transfer L Li
: 2.II.E
! Forced convection heat transfer L M
j 2.II.F Radiation' heat transfer L L
I 2.II.G Free convection mass transfer L L

2.II.H Heat and Mass Forced convection mass transfer H Hi
Transfer Models

;

;- SOLIDS MODULE
.

; 2.III.A Conduction through baffle and into H L| shield building'
;

t INTER-MODULE MODULE
i
: 2.IV.A
i

Convection energy transport M L
between annulus and downcomerj. nodes

) 2.IV.B Conduction through shell H H
2.IV.C Annulus /downcomer form and H M^

i [ friction losses >

;
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Heat and Mass Transfer Models
|

Issue 1.I.B - Buoyancy-Induced Flow |

Containment temperature distributions are governed by internal flow effects
which themselves depend on the density distribution throughout the containment
as well as on the temperature distribution of the enclosing wall structures.
These thermal boundary conditions are important because the resulting natural
circulation is not a global, bulk-driven effect with constant atmospheric ;

conditiens as is the underlying assumption of the lumped parameter modeling
approach. This concern is closely associated with Issue 1.III.A - Conduction
to Internal Heat Sinks.

Areas of Concern '

In order to cope with buoyancy effects, gravitational terms have been added to
the set of conservation equations for lumped parameter models in containment
computer programs. No general guidelines exist on how to choose control

)volumes and their interconnections. |

Natural circulation is also a surface, thermal-boundary-driven process. The !

r.odels need to account for the existence of counter-current flows with
lighter, hotter fluid rising and denser, cooler fluid sinking. These

phenomena also affect vertical and horizontal junctions which could be subject

to counter-current flows of two fluid streams with different densities.

Evaluation'

The treatment of temperature distributions within the containment atmosphere
and the enclosing wall structural temperatures distribution as modeled in the
MGOTHIC lumped parameter approach is SDSER Open Item 21.6.5-1. This issue is
closely related to Issue 1.III.A.

Issue 1.II.A - Liquid Film Heat Transfer (Inside Containment) &
| Issue 2.II.A - Liquid Film Heat Transfer (Outside Containment)
|
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In Enclosure 2 to Letter NTD-NRC-94-4100 (April 18, 1994), Westinghouse
@ indicates that the Chun and Seban correlation (1971) is used for the heat

transfer coefficient (HTC) for the water films that form on the external
(evaporating) and internal (condensing) surfaces of the PCS shell. The

correlation assumes that the water films are wavy laminar flows. This tends
to enhance heat transfer because of.the dominating effect of the relatively
shallow wave troughs on the effective HTC averaged over the whole wave
profile.

These films are a significant resistance in the only path by which~ heat is
removed from the inside containment to the ambient environment, which is the
ultimate heat sink. Westinghouse estimates that, during the initial PCS flow
period (first 5 hours), about 6 percent of the thermal resistance is due to
the water films. The Chun and Seban correlation predicts approximately
30 percent less thermal resistance than the Nusselt (1916) model-(a generally

;

accepted model) for the Nusselt number. The Nusselt model calculates the film
|

thickness by balancing the shear and gravitational forces. If the Chun and |
Saban model was replaced by the Nusselt model, the total thermal resistance of
the PCS shell is estimated to rise about 2 percent.

Table 21.13 compares the Nusselt number predicted by the Chun and Seban
correlation to the one using the original Nusselt model.

Table 21.13 Comparison of Chun and Seban Model with Nusselt Model

!
Chun and SebanReynolds Chun and Seban Olvided by

Number Nusselt Model Correlation Nusselt Model-
50 0.2986 0.3476 1.1642-
100 0.2370 0.2985 1.2593
150 0.2070 0.2730 1.3185
200 0.1881 0.2562 1.3622
250 0.1746 0.2440 1.3971
300 0.1643 0.2344 1.4263

O
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Areas of Concern

9Westinghouse's proposed application of the Chun and Seban model raises

questions both about the supporting test database and the theoretical basis of
the model itself.

Supporting Test Data

The coefficients of the Chun and Seban model were empirically determined.

However, the experimental data do not span the range of conditions expected in
the AP600. The Chun and Seban data have only two points close to the range of
Reynolds numbers expected for the AP600, and these two points have a low water
temperature (83 *F). These two points are the only data presented by
Westinghouse to support the use of the Chun and Seban correlation for the
external (evaporating) surface.

For the interior shell surface of containment, Westinghouse bolstered the Chun |

and Seban data with the Wisconsin condensation tests. Comparisons of the
Wisconsin data to the Chun and Seban model show a trend with angle of '

inclination - the Nusselt numbers for vertical surfaces are underpredicted
with the Chun and Seban model by as much as 50 percent and the horizontal
surfaces are overpredicted by as much as 30 percent. As no error bars
(uncertainty estimates) were provided for these test data, it is difficult to
determine if the horizontal results can be considered conservative.

Theoretical Basis

The original form of the Chun and Seban correlation was developed for vertical
flows. Westinghouse extended the model to the (more) horizontal dome region
by adding a sine correction to the static head term. However, as discussed
above, the base form of the Chun and Seban model, including the exponent to
which the Reynolds number is raised, was selected to effectively average the
HTC over the whole wave profile. As the angle of inclination changes, gravity
will also change the wave profile. During the model development process,
Westinghouse did not take into consideration what change the difference in
surface angle could have on the effective average wave shape. The same form
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of the Chun and Seban correlation is used for both the 90-percent and the

O l-percent inclination. This is believed to be the source of the poor agree-
ment as the angle of incifnation is varied.

Evaluation

The use of the Westinghouse form of the Chun and Seban correlation is SDSER

Open Item 21.6.5-2, and Westinghouse needs to address the following concerns:
,

Westinghouse has not presented sufficient data to support use of the Chun
*

and Seban correlation for the external (evaporating) surface of AP600.

Westinghouse has not explained the apparent trend with angle of
*

inclination for the Wisconsin condensation test data, nor has Westinghouse
provide'l sufficient information to judge test uncertainties.

Westinghouse should provide a discussion of the theoretical basis for the
*

extension of the Chun and Seban correlation to horizontal surfaces.
t

Issue 1.II.B - Liquid Fila Stability /Rafnout Effects

External cooling of the AP600 is tightly coupled to condensation inside the
PCS shell. Experiments have shown that condensation film stability and
condensation heat transfer can be significantly degraded on deteriorated
surfaces.

Areas of Concern

Deviations from the ideal conditions for inside film condensation may result
in an overall reduction in the heat sink capability of the PCS for long-term
cooling. Potential deviations from ideal conditions exist in the form of film
instabilities and wall roughness effects on thin condensate films.

R. Gregoric (1973) observed that small wavy surface roughness effects, such as
might be generated during steel shell fabrication or during the application of

O
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special coatings, can substantially degrade condensation heat transfer when
compared to theory and correlations for ideal surface conditions.

,

Inside shell film instabilities may manifest themselves as rainout.
Experimental evidence has shown that the condensate film becomes wavy and ,

unstable especially at slanted and higher angles such as at the dome edge and
the vertical side walls. This disrupts the film and generates droplets at the
wave crests. The effects have been observed (video) during loss-of-coolant-
accident (LOCA) experiments in the HDR facility. These instabilities become
especially violent and lead to massive rainout in the form of large liquid
globules when the outside shell film cooling is suddenly applied. This i

generates a tremendous condensation potential on the inside. It mays not be
possible to

transport the amount of generated condensate by means of a smooth |film.

Evaluation
|"
i,

R. Gregoric (1973) presents roughness reduction factors as a function of the
relative roughness. These factors are applied to water / steam condensation and
lead to a functional dependency which depicts the reduction factor for an
average heat transfer coefficient, a , at a smooth surface. j

These results,
{

especially for high values of a , for example, thin condensate films, indicate I

that even small amounts of roughness lead to substantial reductions in the I
heat transfer coefficient for condensation.

.

Some additional questions concerning film stability and rainout follow: !
:

(1) What are the inside roughness values for the prototypical AP600 steel
shell? ,

.

t

(2) What were the roughness values for the inside steel shell of the LST ifacility?

(3) Are any of the potential deterioration mechanisms for condensation heat
transfer at the inside measured, observed, or factored into the
analysis with MG0THIC?
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|

(4) Rainout was studied in only one large-scale test. How is the potential
for rainout considered by Westinghouse for MG0THIC AP600 DBA evaluation
model analyses?

|

Resolution of these concerns and questions on liquid film stability and
rainout effects is SDSER Open Item 21.6.5-3.

Issue 1.II.C - Liquid Film Enthalpy Transport

In-containment liquid enthalpy transport during and after LOCAs occurs as a
result of:

liquid droplet flows generated by flashing and fragmenting Jets
*

liquid condensate films propagating primarily downwards*

liquid film instability generated drops and globulesa

|

liquid pools natural circulation and stratification..

Areas of Concern

Westinghouse is applying the MG0THIC computer program to simulate the AP600

LOCAs and main steamline break (MSLB) by using a combination of distributed

and lumped parameter model approaches for above and below upper deck regions,
respectively. This approach focuses on the importance of the shell region and
tracking associated with the heat and mass transfer phenomena. However, there
is an inherent disadvantage to using the lumped parameter approach for the
important heat sink potential below the operating deck.

Evaluation

The methodology allows for tracking the liquid film by coarse axial
nodalization (7 clime zones over 36.6 meters (120 ft)) along the dome and
shell of the vessel with an axial node size of more than 3.0 meters (10 ft),
while for all regions below the deck, condensate is instantaneously deposited
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into the respective sump regions of the individual subcompartments. As much

as the model approach for the containment region above the operating deck may
add to spatial and temporal resolution of the important phenomena, the lumped
parameter approach below deck which is coupled to the distributed parameter
model above deck may introduce undesirable features into the AP600 model and
results. This is primarily due to computationally depositing the hot
condensate directly into a lumped parameter sump node. This leads to computed
sump heatup and potential sump evaporation phenomena driving much too high
convective flows, thereby artificially mixing the containment.

The mass and energy releases from a break are computed with a homogeneous

model (SATAN-IV for LOCA and LOFTRAN for MSLB), and the energy partitioning
between steam, liquid films, and generated drops are unknown for input into
MG0THIC. Tabulated data for total mass and for total energy are provided as
input. This may lead to inappropriate approximations in view of the bounding
approach, particularly in later accident phases. Furthermore, no information
is available as to whether liquid film instabilities are accounted for in
WGOTHIC. The original GOTHIC offers these features through a Weber number
criterion.

The following are additional concerns and questions on liquid film enthalpy
transport:

(1) Is the droplet field part of the MG0THIC solution?

(2) If it is, what type of droplet size spectrum is being applied?

(3) Does that spectrum account for all possible break locations?

(4) Liquid condensate film instabilities may generate a completely
different droplet spectrum as has been inferred from experiment; is
this being accounted for?

(5) What type of droplet spectrum entered the LST facility?

O,
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(6) In the LST facility, what was the temperature difference of the
condensate on the inside shell and in the sump (below-deck
subcompartments)?

(7) Can the LST facility represent these liquid film enthalpy phenomena?
. Are there LST data that may provide any insight into the identified
concerns?

(8) The droplet field, with its associated momentum, mass, and energy,
plays an important role in the early phases of LOCAs; is neglecting the
droplet field bounding, and if it is, for wiiat?

(9) Are there potential transient phases where supersaturation (fog
formation) may occur inside containment with associated drop formation
and drop arowth?

(10) Have supersaturation phenomena been observed during experiments at the
LST facility?

O

Resolution of the concerns and question on liquid film enthalpy transport is
SDSER Open Item 21.6.5-4.

Issue 1.II.D - Free Convection Heat Transfer &
Issue 1.II.G - Free Convection Mass Transfer

Westinghouse developed a methodology for heat and mass transfer inside the
containment. The large region above the upper deck accounts for the

combination of turbulent free convection (using the McAdams correlation) and
condensation using the heat transfer analogy. Velocities and air-steam ratios
are determined with the WG0THIC distributed parameter model for the region
above the operating deck. The below-deck containment regions (except for the
reactor coolant system and steam generator compartment) are treated with the
MGOTHIC lumped-parameter model employing the well known Uchida correlation for

.

long-term transients.

O
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Areas of Concern

OThe staff concerns focus on the applicability of this methodology for the
long-ters transient phase in a bounding manner as proposed by Westinghouse,
given the limited database cited as well as the number of atypicalities in the
experiments conducted in the LST facility. Westinghouse has not yet
demonstrated that this approach conservatively predicts the flow distributions
for the above deck regions as well as the below upper deck regions. The

approach chosen by Westinghouse must conservatively assess not only the
initial (blowdown) pressure peak, but also the second pressure peak as well as
the 24-hour pressure limit.

|
Evaluation '

|

Following a LOCA, the relatively cold containment walls, are exposed to the
steam environment. The temperature difference between the bulk air-vapor
mixture and the walls provides a driving potential for heat transfer and
causes the vapor to change phase and condense on the walls either in dropwise

i

or filmwise condensation. Prediction of dropwise condensation is difficult
because it is a random process whereas filmwise condensation has been

investigated quite extensively both experimentally and analytically.

Non-condensible gases in the vapor space inhibit the condensation process as a
result of the formation of a concentration gradient next to the condensate
film. Therefore, a small bulk mass fraction of non-condensible gases leads to
a marked reduction in heat transfer and introduces significant complexity into
the analysis of filmwise condensation in computational containment analyses.

Traditionally, lumped-parameter containment analysis codes apply the
Tagami/Uchida combination of correlations. The Tagami (JAERI, 1966)
correlation is applied during the blowdown phase because it correlates the
maximum heat transfer coefficient with the time to peak pressure, the size of
the experimental facility and the total energy added during blowdown.

For the post-LOCA blowdown phases, the Uchida correlation (1965) is applied

because it correlates the heat transfer coefficient with the mass ratio of air
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to steam in a condensing atmosphere. For the AP600, without fan coolers or
sprays, the long-term phase of the transient will be characterized by a
quiescent atmosphere. This is the period of time when the Uchida correlation
may overpredict the heat transfer to the internal, below-deck heat sinks.

The division of the containment transient into the LOCA blowdown phase (highly
transient, highly turbulent, forced convection) and the post-LOCA blowdown
phase (slow transient, free natural convection or laminar) accounts for the
fact that different phenomena govern condensation at different times.

But even under slowly varying conditions, containment condensation is
determined by a large number of complex factors which introduce uncertainties
of various degrees, namely

spatial variations of heat sink geometries, materials coatings, surface*

wetability changes

transient bulk and wall temperatures in different regionsa

non-laminar condensate film flowa

[ presence of non-condensible gases*

unknown vapor boundary layer flow patterne

uncertain two-phase blowdown pattern*

possible combination of both dropwise and filmwise condensation modes*

There are additional concerns and questions on free convection mass and heat-

transfer:

(1) What are the heat and mass transfer correlations used for the heat
sinks above the upper deck, such as steam generator compartment
structures, crane, and other upper deck structures?

(2) Westinghouse asserts that scaling confirmed the significant modeling
features necessary for consideration in the AP600 evaluation model,-
such as:

condensation mass transfer inside the containment*

O velocity and air / steam concentration fields inside the containment*U
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effectiveness of internal heat sinks
*

Obreak source momentum and direction
-

inter-compartment circulation-

intra-compartment circulation-

How were these conclusions reached with a scaling approach which
considered the internal containment as one single node?

(3) Westinghouse also concludes that scaling confirmed the applicability of
the AP600 PCS test database; how can a scaling approach using one node
for all of the internal containment phenomena accomplish this?

(4) What correlation and approach is used for potential evaporation at
internal heat sinks and from pool surfaces?

(5) With the limited database cited above, what assures that the applied
heat and mass transfer correlations are really biased to bound

appropriate test data? Are there other data available to support the
heat and mass transfer correlation?

(6) How is the length scale in the McAdams correlation for turbulent free
convection evaluated:

.

along the shell, and.

for internal structures above the upper deck?
*

(7) With all potential break locations being off center what kind of
symmetry is applicable for the AP600 evaluation models?

(8) With jets and plumes being asymmetrically discharged against the inside
dome shell, where does the clime condensation start?

(9) The plumes generate a stagnation region; how is this accounted for in
the convective heat transfer?

O
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(10) How does the LST facility address concerns with the location of

O condensate collection; understanding internal velocities both above and
below the operating deck?

Resolution of these additional concerns and questions on free convection mass
and heat transfer is SDSER Open Item 21.6.5-5.

Issue 1.III.A - Conduction to Internal Heat Sinks

' Westinghouse uses the Uchida heat transfer correlation without a multiplier in
its )(GOTHIC analysis for the heat sinks below the upper deck. While this
approach is appropriate for present LWR containments where the peak pressure
occurs during the blowdown phase, it may not necessarily be bounding or even
conservative for the long-term analysis of the second pressure peak in the
AP600 design.

Areas of Concern

The heat transfer correlation used with the lumped-parameter modeling approach
for the AP600 containment controls the energy transfer rates to the large
structural heat sinks below the upper deck, especially for low-positioned
breaks. It thereby thermally preconditions the structures and the atmosphere
for the phenomena comprising the second containment pressure peak in the
AP600.

Westinghouse continues to use the Uchida correlation without a multiplier for
heat transfer in the lumped-parameter model below the upper-deck regions.
However, the PCS design makes the AP600 unlike any plant Westinghouse has
analyzed in the past. The lack of ac.tive systems, such as sprays and fan
coolers, magnifies the significance vi heat structure stored energy on the
containment response to a LOCA event.

It is necessary to know ether this correlation is best estimate or
conservative, and whst is its range of applicability and associated
uncertainty. Westinghouse has not justified the use of the Uchida correlation
for this application (the long-term response at least to the second peak in

AP600 SDSER 21-179



.- -- - . _-

_

pressure) other than considering that the Uchida correlation was acceptable in
the context of present safety analysis methodology. However, the knowledge
base.for containment analysis has evolved over the last two decades since the
Uchida correlation was originally approved. Its strengths and weakness are
better understood and are supported by experimental data and associated
sensitivity computations.

Evaluation

The heat transfer evaluation of LOCA containment experiments, such as

Carolina's Virginia Tube Reactor (CVTR), Battelle Model Containment (BMC),
Marviken and Heissdampfreaktor (HDR), which were properly instrumented with
regard to obtaining heat transfer coefficients from temperature measurements
in special heat transfer blocks shows the following behavior:

Close to the break (5 to 7 m), heat transfer coefficients may be as high
*

as about 10,000 to 20,000 W/m'-K which can be attributed to the extremely
high level of turbulence.

O
With increasing distance from the break (12 to 16 m), the maximum heat*

transfer coefficients decrease to a level of about 1,000 W/m'-K and at
distances further away (30 to 37 m) values of only 100 W/m'-K are obtained.

After about 100 seconds after the blowdown phase finishes, the*

experimentally determined heat transfer coefficients decrease to values
below 1,000 W/m'-K in the vicinity of the break.

Several hundred seconds after the end of blowdown,the heat transfer*

coefficients have decreased to values between 60 to 200 W/m:-K as free

natural convection starts to dominate the heat transfer mode and at times
beyond 1,00 seconds, after blowdown ended, free convection completely
dominates heat transfer with heat transfer coefficients ranging from 5 to

230 W/m g,

O
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Uchida (1965) gives 1,590 W/m -K for a condensing steam heat transfer2

O coefficient with 10 percent or less non-condensibles (by mass). The lower
bound (very high non-condensibles) for the Uchida correlation is 11.4 W/m _g,2

To correctly compute the heat transfer during the long-term post-LOCA period,
it would be essential to use a best-estimate heat transfer correlation, which

|
also means calculating the atmospheric temperature distribution on a best- '

effort basis throughout the containment.
<

The temperature distribution is governed by the internal flow effects which
themselves depend on the density distribution throughout the containment as
well as the temperature distribution of the enclosing structural walls. These
thermal boundary conditions are important because the resultant natural

circulation is not a global, bulk-driven effect with constant atmospheric
conditions as is assumed for the lumped-parameter modeling approach.

In order to manage buoyancy effects, gravitational terms have been added to
the set of conservation equations used in lumped-parameter containment codes.

O' No general guidelines exist on how to choose control volumes and their
interconnections under these circumstances.

As natural circulation is also a surface, thermal-boundary-driven process, the
|

existence of countercurrent flows with lighter, hotter fluid rising and
denser, colder fluid sinking should be accounted for. These phenomena also

,

affect vertical and horizontal junctions which could be subject to

countercurrent flows of two fluid streams with different densities. The
lumped-parameter containment analysis approach does not simulate these

effects. Accordingly, the distributed-parameter approach should at least be
expanded to also cover the most important flow channels below the upper deck.

The discrepancy generally observed between data and lumped-parameter model
predictions is caused by the fact that the instantaneous increase in the
atmospheric temperature in the vicinity of the break will quickly raise the
steel structures to thermal equilibrium with the atmosphere. The temperatures
of the concrete structures also rise until energy transfer into the concrete
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becomes conduction limited, and then the energy transfer rate to the release
region declines.

|

Deviations that have been observed can be explained as follows:

During blowdown, high steam concentrations exist locally in the exiting
*

plume. Thus, temperatures as well as heat transfer to structures, are
high. However, the zone averaging, lumped-parameter approach mixes the '

steam with all of the atmospheric inventory in the zone, thereby resulting
in lower homogeneous zone concentrations which in turn generate lower
energy transfer rates. Most often, this results in the overestimation of
the atmospheric energy content as well as the containment peak pressure.

Beyond the initial blowdown period, first the thinner structures, then the*

progressively thicker structures, approach thermal equilibrium. Thus,
energy removal from the containment atmosphere becomes increasingly

controlled by the heat capacity of containment structures, especially for I

break locations below the upper deck.

OBecause of the thermal stratification effects, structures will thermally
saturate in different axial zones at different times. Contrary to this
behavior, the lumped-parameter model computes a single-node temperature and
the respective structural temperature adjusts accordingly.

As a result, the amount of energy transfer, as computed by the lumped-
parameter model under these assumptions, is artificially larger. This result
os confirmed in that the computed pressure decrease beyond the peak pressure
is faster than experimentally observed. These deviation: depend strongly upon
the nodalization chosen.

There are additional questions concerning the use of the Uchida correlation,
particularly for time periods late in the transient:

(1) What multiplier is Westinghouse using in the context of applying the
Uchida correlation in the framework of the lumped-parameter model for
containment regions below the upper deck?
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(2) In what sense is the application of the Uchida correlation conservative
and bounding _ for a break position:

(a) above the upper deck

(b) below the upper deck
4

concerning:

the first short-term (blowdown) pressure peak
*

the second long-term pressure peak*

(3) What experimental database was used to validate the bounding nature of
this rationale for the LOCA scenarios for the two containment pressure
maxima?

(4) How does the presumably conservative approach of maximizing the energy
content in the containment atmosphere for the purpose of bounding the
short-term pressure peak affect the energy partitioning in the lower

O and upper regions of the containment at later times in the transient asU
well as the associated natural circulation flows?

(5) How are the internal structures and heat sinks below the upper deck
modeled in MG0THIC in terms of:

(a) material types (coating, steel, steel / concrete) contact
'

resistance of the steel-shell to concrete (and reinforcement)?

(b) material properties

(c) heat conductor nodalizations

(6) What database was used to validate the input data set for the heat
sinks cited above?

O
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(7) What and how were subcompartment internal components modeled as heat
sinks in terms of:

(a) material types
(b) material properties
(c) nodalizations

(8) Has there been any cross validation analyses performed with MG0THIC for
comparison with any of Westinghouse's present LWR containments?

(9) What has been learned regarding the issues of energy transfer rates to
structures, including inside structures, from the LST experiments?

(10) How have the MGOTHIC computations of the LST experiments and the

Westinghouse participation in the analysis of the OECD/CSNI-ISP39 test
(performed by the Organization for Economic Cooperation and

Development) contributed towards the validation of the Westinghouse
approach to heat transfer and energy partitioning to the structures
below the upper deck?

Resolution of these concerns and questions on conduction to internal heat
sinks is SDSER Open Item 21.6.5-6.

Issue 2.II.H - Forced Convection Mass Transfer

Issue Statement: Forced Convection Mass Transfer for Dome

In Letter NTD-NRC-95-4397 (February 16, 1995), Westinghouse justifies the use

of forced convection heat and mass transfer correlations for the AP600 PCS
annulus region. No justification for forced convection has been presented for
the dome top region, about 30 meters (100 feet) above the upper deck.

O
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Areas of Concern

The annulus region extends to approximately 30 meters (100 feet) above the
upper deck (about 5.2 meters (17 feet) above the spring line). In the air
annulus, the riser section is relatively narrow with a relatively small
hydraulic diameter. Above the air annulus riser is the dome top region. Here
the flow area opens up and the flow streamline veers away from the dome toward
the chimney. A relatively low-flow, natural circulation zone may result.

Evaluation

Natural circulation heat transfer coefficients are about one-quarter that of
forced circulation values. Mass transfer rates are similarly reduced. As the
done top region constitutes a significant fraction of the AP600 containment
surface area, changing from forced- to natural-circulation heat and mass
transfer may involve a significant penalty.

The modeling of the region above the dome, from the spring line to the exhaust
G
/ chimney, is SDSER Open Item 21.6.5-7.

Issue Statement: PCS Intake Temperature and Humidity

In the event of an accident, the ultimate heat sink (VHS) for the AP600
containment is the ambient external atmosphere. Air flow through the air
annulus downcomer and riser is the major mechanism by which heat is removed,
in the form of evaporated water, from the AP600 shell to the UHS. lherefore,
it is important that ambient air temperature and humidity effects on the air
flow and its heat-carrying capacity be conservatively modeled.

Areas of Concern

Westinghouse assumes that air entering the PCS downcomer is at 46 'C (115 *F)
and 20-percent relative humidity. While the temperature may be reasonably
conservative, the relative humidity is not. This high-temperature and low-
humidity condition maximizes the moisture-carrying potential of the PCS

airflo% and, thus, non-conservatively enhances evaporation cooling.
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Evaluation

O.

Standard Review Plan Section 9.2.5 specifies that the UHS must be able to
dissipate the total heat load for an extended time after shutdown. Further
guidance is given in RG 1.27, to the effect that the UHS analysis should be
based on limiting environmental conditions for the critical time period of the

;

limiting accident event. For the AP600 LOCA, the second pressure peak occurs
in the 2,200 - 2,400-second range.

As an alternate way of considering the issue, NUREG-1431 (" Standard Technical

Specifications for Westinghouse Reactors"), Section 3.7.9, April 1995 gives a :

limiting condition for operation (LCO) time of 6 hours to leave operating mode
3 should the UHS become unavailable. It seems reasonable that the
environmental conditions for the LOCA analysis should be based on the worst
conditions in a 0.5 - 6-hour period.

i

!

Westinghouse also must allow for the possibility that the effluent plume from
the chimney could be (partially) recirculated back into the intake during
windy conditions. As discussed in Letter NTD-NRC-94-4166 (June 10, 1994),
this problem is common in natural-draft cooling towers, which are similar in

!
function to the PCS structure of the AP600. SRP Section 9.2.5 recommends |
using a recycle factor of 15 percent to conservatively bound this phenomena. '1

This means that the intake air is 85-percent ambient and 15-percent chimney
effluent. For the AP600, the chimney temperature rises 14 - 25 *C (25 -
45 *F) above the intake temperature. Therefore, for a 46 *C (115 *F) ambient
condition, the intake temperature can rise as much as 3.9 *C (7 *F). For
similar reasons the intake relative humidity will also rise (if the ambient
relative humidity is less than 100 percent).

Consideration should also be given to the probability of siting two or more
AP600 plants at adjacent sites. It is conceivable that the effluent plume
' from the chimney of one plant could be drawn into the intake of its neighbor.
RG 1.27 discusses the availability requirements for a UHS shared by several
units. The guide recognizes that the possibility of LOCAs occurring
simultaneously at two nearby units is very small. The guidance given in
RG 1.27 is that the UHS should have the capability to dissipate the heat from
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;

the accident safely, as well as the cooling load to permit cooldown of, and j
maintaining safe shutdown of, the remaining units. '

Taking both of these concerns into consideration, the ambient conditions for
{

the AP600 LOCA analysis should be 46 *C (115 *F) and 100-percent relative
humidity. The intake conditions, therefore, should vary between 46 *C

l

(115 *F). and 50 *C (122 *F), also at 100-percent relative humidity. I

It is difficult to quantify the impact of these changes without performing
some type of computer calculations. The change in intake humidity will
certainly lower the amount of water that can be carried in the air flow. If I

the annulus air becomes saturated (or nearly saturated), evaporation heat
transfer will be impaired. The AP600 shell temperature will rise, increasing {the containment pressure.

It is important that this air flow and its heat-carrying capacity be !

conservatively modeled. The treatment of the air inlet temperature and {
humidity is SDSER Open Item 21.6.5-8.

Condensation and Evaporation Models

|

Issue 2.I.C - Flow Field Stratification / Stability

In the AP600 containment, air flow through the downcomer and annulus is the

major mechanism by which heat is removed, in the form of evaporated water,
i

from the AP600 shell. Therefore, it is important that this air flow, and its
heat-carrying capacity, be conservatively modeled. This issue addresses the
impact of annulus fogging on flow stability in the AP600 PCS eir annulus.

Areas of Concern

Westinghouse assumes that a sufficient flow of air enters the PCS downcomer at-

46 *C (115 *F) and 20-percent relative humidity (i.e., 29 *C (85 *F) wet bulb
temperature). Westinghouse states in Letter NTD-NRC-94-4100 (April 18, 1994)
(Enclosure 1, December 1993), that fogging is unlikely to occur at these
assumed conditions, but may occur at lower air inlet temperatures.
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Westinghouse also may not be treating the humidity of the annulus flow in a
conservative manner (see two related issues, Issue 2.II.H - Forced Convection

Mass Transport: "PCS Intake Temperature and Humidity," and Section 21.6.5.2,
" Clime Model Neglect of Baffle Condensation" in this supplement).

Westinghouse assumes that the annulus and downcomer loss coefficients are
constant and independent of Reynolds number in the WG0THIC model. Flow
resistance coefficients generally increase as the Reynolds number decreases.
In addition, higher humidity will increase flow resistance. These two effects
may lead Westinghouse to overestimate both the annulus flow rate and the

|
water-carrying capacity of that flow. If the humidity or the pressure drop
resistances are higher than expected, it is possible that the annulus air may
saturate. If this happens, the annulus density may increase significantly,
further lowering the air flow rate. This will cause the PCS surface to heat
up to temporarily " burn off" the fog. However, once the shell surface cools
down, the fog may return in an oscillatory cycle.

Evaluation

If the air flow rate is overestimated, the annulus exit air temperature will
be higher, raising the upper shell and dome temperature. However, if the air
flow rate overestimate is large enough, so that the air becomes saturated, a
fog may occur and the density of the annulus air will increase significantly.
Westinghouse observed this condition in the LST facility. The saturation
point is important, not because of the (insignificant) impact fog has on
baffle radiation, but because it can severely degrade the evaporation process,
and also lower the driving head for natural circulation. As stated above, the
shell temperatures will eventually rise and the annulus flow will increase.
An oscillatory pattern may result, leading to high pressures and temperatures
inside the containment.

If fogging is a concern, it will be necessary to determine how to eliminate or
quantify the impact of these oscillations. It may be necessary to request
that Westinghouse perform scoping computer calculations. As part of this
review, the staff is performing calculations of the saturation margin for the

O
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annulus air flow. However, the significance of this issue will be determined '

/ after these calculations are complete, which is expected in early May 1996.

There are also outstanding RAIs concerning fog formation in the external air
annulus.

On page 52 of WCAP-13246, Revision 0, Westinghouse notes that fog
(i.e., water aerosol) can form in the riser of the annulus. It states that
some of this water aerosol may collect on the baffle and run down but will re-
evaporate before reaching the bottom; why it necessarily re-evaporates is not
made clear nor is it clear whether or not this is an important assumption.
The mass of the water present as fog should be taken into account in
calculating the gas densities. If not, bucyancy forces driving the flow in
the annulus may be overestimated.

In its June 15, 1995 letter, the staff issued the following requests for
additional information:

RAI 480.341 Why is water that collects on the baffle assumed to evaporate
before reaching the bottom?

O
b RAI 480.342 How does NG0THIC model fog formation? Is the mass of the water

present as fog taken-into account in calculating the gas
s

densities? Is its effect upon buoyancy taken into account?
j

IWestinghouse has not addressed these RAIs. Resolution of the issues and {
outstanding RAls concerning fog formation in the external air annulus is SDSER l

Open Item 21.6.5-9.

Non-condensible Stratification and Separation Models I

issue 1.1.C - Flow Fleid Stratification and Stability and Jet Effects

}

Stratification impacts containment pressure transients by limiting the j
6

availability of structural surfaces as heat sinks. Stratification phenomena
are likely to occur for breaks positioned higher than the lowest containment
compartment. j

'

O ;
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This issue focuses on the ability of the HG0THIC mixed nodalization
representation of the containment (distributed-parameter approach for the
above-upper-deck dome region and lumped-parameter model for the below-upper-
deck compartments) to simulate DBA LOCAs into the AP600 containment at

different axial positions (low, medium, and high), as well as different types
(subcooled and steam blowdown).

Areas of Concern

Westinghouse analyzes the AP600 containment using the MG0THIC mixed nodaliza-

tion model. The validation of this model rests on AP600 dedicated test
facilities, such as the small-scale test (WCAP-14134, "AP600 Passive Contain-
ment Cooling System Integral Small-Scale Test Final Report") and the LST

facilities (WCAP-13566, "AP600 1/8th Large-Scale Passive Containment Cooling
System Heat Transfer Baseline Data Report") and WCAP-14135 (" Final Data Report
for PCS Large-Scale Tests, Phase 2 and 3") and sensitivity studies performed
for the LST facility (WCAP-14382, Appendix A: " Validation of MG0THIC Detailed

Distributed Parameter Large-Scale Test Model", Appendix B: " Blind Test", and
Appendix C: " GOTHIC Validation Tests Using HG0THIC"). These test facilities
are all constructed from steel, including the separations used for the
subcompartments below the upper deck. They lack the large concrete mass heat
sinks associated with this region in a prototype plant. Also, the only known
Westinghouse external application of HG0THIC is the analysis of International

Standard Problem (ISP)-35 which was based on data obtained in the Nuclear
Power Engineering Corporation (NUPEC) facility in Japan. This facility is of

the same construction as the Westinghouse experimental facilities cited above,
namely, total steel construction including the separations used to model
subcompartments.

These steel-type test facilities have no subcompartment internal structures
typical of real plants. As a consequence of the construction technique, the
test facilities cannot maintain vertical and/or horizontal thermal gradients
along and across the containment as the thermal response and saturation times
are faster, by orders of magnitude, than prototypical concrete structures.
This construction technique also means that the experimental steel vessel test
facilities are all impacted by high and uncontrollable heat losses.
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Preliminary Evaluation From Containment Experiments
;

A. Present State of Knowledge

The staff reviewed the reports listed below. The experimental results from'

both the Battelle Model Containment (BMC) and the large-scale HDR facility ifollow:

BF-RS50-01, " Examination of Phenomena in a Multi-Compartment Containment
*

After Break of the Primary Coolant Pipe in Water-Cooled Reactors," (In
German), Final Report, Battelle-Institute.V., Frankfurt / Main, Germany,
Dec. 1986

BF-V 68.334-1, International Standard Problem No. 37, "0 ECD-CSNI
*

International Standard Problem No. 37, Run M.3 - Multi Compartment Aerosol

Depletion Test with Hygroscopic Aerosol Material," Draft Specification, M.
Firnhaber, et al., GRS, Cologne, Germany, April 1995C

\ '

% Wolf, L., Holzbauer, H., Cron, T., " Evaluation of Experiments and Analyses
*

of Results of the HDR Hydrogen Distribution Experiments, Final Evaluation
Report, Test Group Ell Experiments Ell.0-6," (In German with English
Summary), Technical Report No.117-94, Nuclear Center, Karlsrhue, GmbK
(KfX) Project HDR Safety Program, Karlsrhue, Germany, February 1994

The following conclusions can be drawn from these tests:

Releases from large breaks and small breaks / leaks generate pronounced and
*

long-lasting thermal stratification dependent on the axial release
position. For break positions high in the containment, regions above the
break location are steam enriched and hot; whereas regions below the break
location have cool and air-enriched atmospheres.

The injection of hot, non-condensible gas into a stratified containment*

atmosphere induces a comparable stratification with respect to the gas
concentration, for example, high concentrations in the upper hot regions,
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no gas in the lower regions. Subsequent steam releases break up the
established thermal stratification, but do not lead to homogeneously mixed
conditions throughout the whole containment for the conditions tested.

Breaks in low-positioned subcompartments induce substantial circulating
*

flows through the whole containment which lead to completely homogenized
atmospheric conditions.

The steam generated by boiling in a sump induces a buoyant flow and*

enhances convection. If the internal flow path geometry in the
containment is interrupted, horizontal flows will be established resulting
in mixing conditions.

The external spray onto the upper dome steel shell substantially reduces*

the pressure (44 kPa (0.44 bar) during HDR Experiment Ell.2). Strong
condensation on the inside surface generates a significant increase of the
gas concentration in the upper part of the dome. Because the atmospheric
temperature also decreases significantly in this part of the dome,

stratification becomes unstable and convective flows are established which
progress from top-down and generate a completely homogenized dome
atmosphere. These flows progress into the upper parts of the two major
flow paths (staircase, spiral stair) even after the external spray
operation stopped. For low-positioned breaks (HDR Experiment E11.4), the
external spray induces a convective flow throughout the whole containment
with resultant mixing processes being established. The containment
pressure decreased by 24 kPa (0.24 bar).

During phases of natural cooldown, stable stratification remained, whereas*

unstable stratification would lead to homogenization of the atmosphere.

Dead-end compartments show distinct thermal stratification. In the HDR
*

dead-end compartment (spent fuel pool), the large, freely exposed steel
shell surface supports increased steam condensation which resulted in an
extreme atmospheric exchange with the dome region.

.

O
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Condensate measurements show that during cooldown phases, the containment*

i atmosphere cools down faster than the surrounding structures w'hich results
in the evaporation processes. The energy transfer from the containment
atmosphere through the primary containment steel shell results in the
heatup of the annular gap with temperatures reaching 90 aC. Because of
the strong thermal coupling, similar pronounced thermal stratification
results in the annular gap. Sumps also show distinct stratification
patterns.

Heatup of the sump to boiling induces temperature increases in the flow*

paths and the establishment of convective flows which enhance mixing and
homogenization phenomena in the containment.

B. Present State of Computer Program Calculations

It,has been shown by numerous computer program exercises that there are

important uncertainties associated with the accurate prediction of containment
thermal-hydraulics in complex geometries using control volume models. These

O control volume models are mostly based on the lumped-parameter approach and
there is little experience with the distributed-parameter approach in thev

available literature. For example, only one of the GOTHIC validation tests

contains a distributed-parameter model that uses more than 100 cells (EPRI ,
NAI 8907-09, 1993). Control volume model calculations have shown that
different results can be obtained by using different nodalization schemes to
obtain meaningful results.

A universal nodalization scheme is not necessarily applicable to all phases of
an accident. It has been observed in all containment code validation
benchmark exercises that nodalization should be carefully selected to account
for the flows to be expected. It has also been learned from these exercises
and from international standard problems (ISP) that strongly stratified flows
are particularly difficult to model.

A significant amount of water will accumulate in the sumps and dedicated tanks
during the accident from a variety of sources, such as condensate flow,
entrainment, and sprays. As sump regions are modeled with a single lumped
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node, the observed temperature stratification of the pool cannot be predicted
and the heat transferred from the pool to the surrounding structures will be
overpredicted. The results for the sump temperatures and the underlying
concrete basemat suggest that thermal stratification must be modeled in the
water pool (s). Pool temperature stratification, in turn, adversely affects
the prediction of the atmospheric temperature above the pool.

i

iPrediction of unique flow directions is difficult, especially when flows
within an enclosure are driven by density differences. The complex geometries

'

!
-

of reactor containments give rise to several dead-end rooms and other

complexities which may prevent particular phenomena from being satisfactorily
modeled with lumped-parameter codes.

|.

Overall, there are important uncertainties associated with the accurate
i

prediction of containment thermal-hydraulics in complex geometries using i

!
control volume models. If meaningful results are to be obtained, an
appreciation of the flow conditions that are to be expected is required so
that a suitable nodalization scheme is chosen. I

The uncertainties of model predictions should be quantified by means of a
) sensitivity analysis. When the uncertainties are expected to be large, best-

estimate predictions are of little value and must be supported with additional
calculations which highlight sensitivities. Stratified flows are particularly
difficult to calculate. For these, alternative calculational methods may be l

more appropriate, such as computational fluid dynamic (CFD) models which use a
fine nodal mesh.

|

Evaluation

The staff is in the process of reviewing the AP600 DBA models for the PCS
analysis. Westinghouse needs to resolve the following staff concerns. Both
the short-term LOCA combined lumped- and distributed-parameter model and the
long-term LOCA and MSLB lumped-parameter models need to be considered.

(1) With the above-deck region modeled with the distributed-parameter
approach and the below-deck region simulated with the lumped-parameter
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I

approach, how is thermal stratification induced by lower positioned |

breaks treated in the WG0THIC AP600 model and how was this model,
'

validated?

|

(2) How are mass, energy, and momentum exchanges modeled at the interfaces '

between the lumped- and distributed-parameter models?
l

(3) The lumped-parameter model induces artificial mixing and generates too
|

high junction velocities for regions below the upper deck; how do those '

affect the computed flow fields above deck and in the dome?

(4) Lumped-parameter models overpredict the sump temperatures by

instantaneously transporting the condensate into the subcompartment

sumps leading to artificially high computed mixing effects along major
flow paths. What modeling features, if any, did Westinghouse introduce |
into the lumped-parameter part of the AP600 model to minimize these I

effects?

O (5) The mixed-nodalization scheme utilized by Westinghouse may compromise |(. ) the quality of natural-circulation flows through the lower containment
'

regions due to the use of the lumped-parameter model. What is the i

experimental validation basis for this approach in terms of transverse
temperature differences and density differences between the major
vertical flow channels?

Resolution of these concerns with the AP600 modeling to assess flow field
stratification and stability and jet effects is SDSER Open Item 21.6.5-10.

Issue 1.IV.C - Form and Friction Losses

Improper flow loss coefficients in MG0THIC calculations can result in
artificially high predictions of steam and light gas ingress into the lower
parts of the containment. This may result in erroneous predictions of well-
mixed conditions in the below-operating-deck regions that contain many of the
heat sinks. During the late blowdown phase, temperatures below the break
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location are likely to be overpredicted due to the fact that these heat sinks
|

prematurely reached thermal equilibrium.

Areas of Concern
'

Westinghouse uses the same form and friction loss coefficients for the
junctions between subcompartments for the short-term turbulent blowdown flows

as well as for the long-term natural-circulation flow patterns throughout the
|

containment. These loss coefficients are independent of flow regime or
Reynolds number.

While there are established procedures to select form and flow loss

coefficients for vents between subcompartments for short-term LOCA transients,
there are no guidelines for the selection of these values under low-flow
conditions that exist later in the transient, where density-driven,
countercurrent, and natural-circulation flows may prevail.

Traditional short-term-loss coefficients are of the order of single-digit
numbers. Experimental evidence indicates that flows during the late phases
only occupy fractions of the original vent flow cross-sections. Therefore,
effective loss coefficients should be increased greatly for the long-term
phase of the event.

Use of short-term loss coefficients will tend to overpredict mixing effects,
which, in turn, leads to a homogeneous atmosphere. In reality, flows are
lower and steam and light gases do not ingress below the break location after
the initial bi:,,a period.

Evaluation

The final report on standard containment problem (OECD/CSNI-ISP29) indicates

the need for investigations of the effects of flow-loss coefficients for large
area flow junctions under low-flow conditions typical of containment systems.
This problem is also important when the lumped-parameter approach is used for
subdividing large, free volumes, such as the dome area, into a network of
assumed subvolumes, interconnected by simulated flow junctions.
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There is large uncertainty associated 'with the correct choice of flow-loss

O coefficients for flow paths in a complex model. Usually, flow-loss
coefficients are determined from small-scale experiments and can only be

applied to much larger scale systems in accordance with dimensionless scaling
groups for similar, scaled flow characteristics.

Typical flow-loss coefficients used in simulating the HDR LOCA experiments are
1

about 2 for flow from one subcompartment to another. This value is
i

representative of momentum-driven flows but, based on several OECD/CSNI-ISP29
benchmark exercises, cannot be applied for typical post-LOCA low-flow
situations.

One common approach is to increase (to approximately several hundred) the -l
|

flow-loss coefficients in flow paths connecting cells from the lower parts of
the model to those in the upper parts of the model. An alternative option is
to reduce the effective vent flow cross-sectional areas for junctions between
subcompartments to enforce stratification and limit steam and light-gas
ingress'into the lower containment regions. Both of these approaches

i
. effectively limit steam and light-gas ingress into the lower containment
\

regions, giving somewhat improved agreement with the experimental data for the
long ters (especially stratified containment conditions), but possibly over-
predict the short-term (first peak) pressure, steam concentrations, and
temperatures in the upper dome region.

There are additional questions concerning form and friction losses:

(1) What are the major connecting vents in the subcompartments below the
upper deck which are modeled with MG0THIC lumped-parameter nodes?

,

I

(2) What vents have been lumped together to simplify the flow network?

(3) How are the form and flow-loss coefficients selected and what is the
rationale behind the selection?

(4) What is the basis of validation for this selection?
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(5) How are the form and flow-loss coefficients selected at the interfaces
between the distributed-parameter (subdivided nodalization) and lumped-
parameter network?

Resolution of these concerns and questions on form and friction losses is
SDSER Open Item 21.6.5-11.

Numerical Methods

The numerical scheme used by MG0THIC must be both stable and accurate when

used for DBA analysis of the PCS for containment performance. MG0THIC and
GOTHIC are synonymous for the purpose of this discussion. In the GOTHIC
treatment of the conservation equations, the numerics depend on the type of
model being employed: lumped-parameter versus distributed-parameter.

Areas of Concern

The WG0THIC computer program uses a semi-implicit solution scheme. The fact
that the solution has an explicit component implies that there is the
potential for instability if the selected time step is too large. The program
also, of necessity, uses many correlations for various quantities, such as
heat transfer coefficients. These are often highly non-linear, and this non-
linearity is capable of driving instabilities.

Finally, MG0THIC uses upwind donor properties to determine the convection of
various quantities. There is a potential for problems in low-flow situations
if the initial (tentative) estimate of the flow is in one direction, and the
final (with reduced residual) estimate of the flow is in the reversed
direction.

Evaluation

All of these problems have been addressed in the MG0THIC solution scheine. The
time step is limited to stay below many of the limits (such as the Courant
limit) which would cause problems for the explicit portion of the solution if
they were to be exceeded. Many of the highly non-linear effects are reduced
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in severity by schemes such as ramping (often used for smoothing one type of( flow regime into another) and smoothing (averaging the "new" value of a
5

correlation variable with its "old" value). The problem of oscillating flows
around zero is alleviated by specifically checking for flow reversing
situations where the problem may occur (Section 12.6 of EPRI, NAI8907-06,
1993).

While there are many potential forms of instability in a computer program such
as NG0THIC, it is apparent from examining the manual that most of the obvious
causes of instability have been avoided. However, a much more reliable
indication of the stability of the computer program is that it appears to run
stably in most conditions and that the computer results are consistent with, |

or can be explained with, good engineering judgment.

'

Not all possibilities for instability are addressed in G0THIC. On page 12-14

of the technical manual (EPRI, NAI8907-06, 1993) it is stated that, " Limiting
the time step... allows a stable solution for most cases. In some cases, this

{
loose limit may not be sufficient and the time step must be limited by user
input." This seems to imply that the computer program may occasionally become

'V unstable for reasons that are unknown, and would likely require a great deal
of analysis to determine the reason. However, as a practical matter, a user-
specified limit on the time-step generally resolves the problem.

Westinghouse committed to a time-step sensitivity study during the August 16,
1995 meeting with the staff (NRC letter (September 27,1995). Time-step
convergence for the AP600 models is SDSER Open Item 21.6.5-12.

It is also noted in the GOTHIC technical manual that "there are many instances
were [ sic) particular variable or quantity are forced to remain within certain
lower and upper bounds. Many of these are required to prevent division by
zero or physical parameters becoming unreasonably large. These are not
specifically documented but are generally easily recognized in the code."
Westinghouse needs to identify these variables and quantities and ensure that
any AP600 DBA licensing analysis is reviewed to determine that these

artificial restrictions have not influenced the analysis. This may be
incorporated into the MG0THIC computer program QA program. The identification
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of constrained variables and quantities and their impact on AP600 licensing
calculations is SDSER Open Item 21.6.5-13.

The peer review performed by EPRI suggests that GOTHIC, and therefore MG0THIC,

does not provide any output to inform a user that a correlation is being used
outside its range of validity. Westinghouse needs to ensure that AP600 DBA
licensing analyses are reviewed to determine that all correlations are used
within their valid ranges. This may be incorporated into the MG0THIC computer
program QA program. The identification of the use of correlations outside
their ranges and the impact on AP600 licensing calculations is SDSER Open
Item 21.6.5-14.

The documentation errors found in WCAP-13246 and the base G0THIC computer
program version 3.4, as identified during the peer review, include areas in
which the documentation is inconsistent with the models used in the computer
program coding, actual errors existed in the FORTRAN coding implementation of
some models, and in some cases is insufficient to fully explain some models
and features of the computer program. Westinghouse originally indicated that
the FORTRAN coding errors were insignificant and would have a negligible
effect on the AP600 analysis (Letter NTD-NRC-95-4577, October 12, 1995). The '

staff indicated that it was not likely that the MGOTHIC computer program would
be approved with known coding errors. Westinghouse indicated that all known
coding errors will be corrected in the final version of WG0THIC for the AP600
DBA PCS analyses (Letter NTD-NRC-95-4595, November 13,1995). Correction of
the known coding errors is SDSER Open Item 21.6.5-15.

Numerical Diffusion

The GOTHIC computer program uses a scheme known as " upwind differencing,"

which is a scheme based on the fact that when fluid moves across a boundary,
the properties of the fluid are those of the volume on the upstream side.

It is well known that the upwind differencing scheme suffers from a problem
known as " numerical diffusion." This is an artificial enhancement to true
diffusion that is introduced by the numerics. It happens because fluid that
is introduced into a volume during a short time step is immediately and
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completely mixed with other fluid in that volume, so that a portion of it will
be transported through to the next volume in sequence on the very next time
step. In reality, it will take some finite time (the' Courant limit) for the
fluid to be transported through the volume. The fluid is, therefore, diffused |

forward more rapidly than it should be. (Also note that if the time step ;

equals the Courant limit, the fluid is not being carried forward any more
rapidly than it should be, so the phenomenon of numerical diffusion is not
apparent if a computer program runs at this time step. However, other
problems are likely to arise.)

What is perhaps not as widely appreciated is that it is not upwind
differencing itself that introduces numerical diffusion. Numerical diffusion
is introduced by the act of setting up the solution scheme to be solved on a
static grid. The fundamental reason is that, in the numerics, the
instantaneous derivative of a value is determined partly by the values of
variables in nearby grid locations. In reality, it takes a finite time

(determined roughly by the speed of sound) for any information to travel
between grid points. Therefore, of necessity, the derivative values cannot be

O' consistently correct, and this is the fundamental cause of the numerical
diffusion problem.

i.

|

One necessary observation is that GOTHIC suffers from numerical diffusion, but |
that the flaw is completely unavoidable if a fixed-grid solution scheme is to
be used. (A Lagrangian scheme can avoid this particular criticism, but it
introduces many more complications.) The next question is whether the
presence of numerical diffusion may be disregarded as insignificant.

-In some specific circumstances numerical diffusion can certainly affect
calculations in an undesirable way. For GOTHIC, for example, hydrogen gas
generated in one volume may tend to be spread through the containment too
quickly because of numerical diffusion. If the potential for detonation is
one of the reasons for the GOTHIC simulation, then this is cause for concern.

On the other hand, numerical diffusion generally acts to spread out, or blur,
a wavefront of some type that is moving through a system. It does not
generally have a great effect on more global parameters such as pressure.

(
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However, this qualifies as a general observation, not a mathematical rule. It |

|

| is possible to construct situations in which numerical diffusion will have a
great 'effect on the pressure; it is just that these situations are not

|

generally encountered.
|

The importance of numerical diffusion is, therefore, dependent both on the
simulation and on the purpose of the simulation. If numerical diffusion is
suspected as a concern in a particular simulation, there is an effective means
of investigation, and that is to reduce the spatial nodalization and compare
the results. As the spatial nodes are reduced in size, the effects of
numerical diffusion are reduced. A comparison of different node sizes should
enable a judgment to be made on the importance of this effect. Nodal
convergence is SDSER Open Item 21.6.5-16. (See Section 21.6.5.4 -
Nodalization Models for Containment)

Cylindrical Geometries

The GOTHIC computer program equations are generally formulated to be valid for
a rectilinear grid. On other grid systems, such as cylindrical coordinates
(r-0), some terms are not " strictly valid." On page 2-3 of the GOTHIC
technical manual (EPRI, NAI8907-06,1993) it is stated that, "For accurate
momentum calculations, the grid for a subdivided [ Westinghouse uses the term
' distributed-parameter') volume must be rectangular, i.e., formed by sets of
mutually perpendicular planes."

This comment concerning momentum calculations and rectangular geometry appears
throughout the GOTHIC manuals. For example, on page 16-2 of the GOTHIC User
Manual (EPRI, NAI8907-02,1993) it is stated that, "G0THIC makes no

restriction on the relative orientation of the subchannels or the number or>

orientation of the connecting gaps. However, accurate modeling of convective
flows in two- and three-dimension modeling requires that the channels be laid

,

out to form a rectangular grid."

If a geometry is divided up into r-O slices, and these slices are input (and
represented) to GOTHIC as being a rectilinear grid, there will be some
distortion in the results. However, the degree of distortion will be
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dependent on the local curvature, and is only likely to become severe near r
O equal to 0 (zero).

1

)
|

Furthermore, the distortion should only affect the momentum transport terms
(as long as the areas and volumes are correctly preserved). In effect, flow

nomentum that should be directed tangentially (in the theta direction) will be
computed as if it is curving around r=0 without any force being applied to
make it do so. It is. expected that this effect is unlikely to be noticeable ;

in most transients unless the curvature is severe.

There is a problem with " unwrapping" a cylindrical geometry if the region of
concern covers a full circle. Namely, the region has to be split at some
e-value for the unwrapping to occur. Volumes that were joined therefore |
become separated. l

The treatment of r-O divisions as rectilinear divisions is unlikely to
significantly affect the results of GOTHIC transients so long as three
conditions are observed:

O
c \

V The volume areas are preserved, and the junction areas are preserved to*

the extent possible.

The region to be nodalized should not go too close to r=0. This means that*

there should be a central region which is not subdivided in the theta
direction.

The region of interest must not span an uninterrupted full circle.*

The AP600 modeling techniques employed by Westinghouse are currently under

review and resolution of these concerns for the distributed-parameter model is
SDSER Open Item 21.6.5-17.

21.6.5.2 Special Models for AP600 Analysis

There are two special models needed to analyze the AP600 PCS. The first is
O the detailed representation of the PCS heat transfer, or conductor, as modeled

1
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in the MGOTHIC computer program. This heat conductor, called a " clime," is
what changes the GOTHIC computer program into the MG0THIC computer program.

'

Heat and mass transfer through the film inside the containment, heat transfer
through the inside wall coating, the vessel shell, the outside wall coating,
and heat and mass transfer through the PCS film outside the containment are
modeled with the clime. In additional, radiation heat transfer to the air
annulus baffle and from the baffle to the concrete shield building are part of
the clime heat conductor model.

The second model is a model to characterize the PCS water coverage and filmi

tracking. Westinghouse does not consider this to be a model in the sense that
,

it could be contained in the HG0THIC computer program. Instead, the water
coverage fractions for each clime are predetermined for an analysis and become
part of the input deck describing the mass and heat transfer areas associated
with the wet and dry portions of the clime. This requires some knowledge
beforehand concerning the mass flow rate of the PCS water, the heat fluxes
through the containment shell, and the temperature-based thermodynamic
properties of the film - the data required for the Zuber-Staub model.
Westinghouse indicated that the assumptions used to develop the water coverage
fractions are checked following a computer run to determine that the results
are consistent with the assumptions.

|

PCS Water Coveraae and Film Trackina

Issue 2.11.B - PCS Water Coverage Fractions

Issue Statement

The MG0THIC code calculates the. heat flux to the environment from the surface
of the containment shell by subdividing the PCS shell into a grid of climes.
Each section of the PCS shell is divided into pairs consisting of a wet (i.e.,
covered by the water film) and a dry clime, which are treated as fixed,

| parallel heat transfer regions. The heat fluxes for each clime are calculated
separately. MG0THIC requires that the user specify the water film coverage
fractions for each clime pair as input to the transient calculation. Coverage

|
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fractions for the dome are assumed to be 40 percent. From the second weir
down, coverage fractions are calculated as follows:

The flow entering a downstream clime is the flow which originally entered the
top clime, minus the flow lost in the intervening nodes. Westinghouse assumes

that evaporation is the only means of removing water, and uses a time-weighted
average heat flux to calculate the evaporation rate. The coverage fraction
for a downstream clime is assumed to be the same as its upstream neighbor,
unless the flow drops below the minimum value required for a stable film (as
predicted by a modified, normalized form of the Zuber-Staub model). When the
flow entering a clime decreases below this minimum, the coverage fraction for
the clime is multiplied by the ratio of the available flow to the minimum
stable flow.

Areas of Concern

1. Zuber-Staub Model Applicability

O The Zuber-Staub model (1966) predicts the formation of dry patches when the
heat flux is too high or the film becomes excessively thin. This model

extended an earlier adiabatic model derived by Hartley and Murgatroyd (1964)
to include the effects of heating and evaporation. Westinghouse modified this
model to include a body force term and to neglect the small vapor thrust term.
Zuber-Staub was one of the first, and one of the simplest, film flow stability
models which consider the effect of heating and evaporation.

The following concerns are based on the staff review of the applicability of
the Zuber-Staub model:

Dry patch formation is unlikely to be the cause of the film breakdown*

phenomena documented in the Westinghouse water distribution tests (WDT)
and the large-scale tests. In these tests, the water film separated into
flow ribbons high up on the dome where the flow rates were high and the
films were still relatively thick and subcooled. Westinghouse

acknowledged that the Zuber-Staub model may not be appropriate for the

O film breakdown phenomena noted in these tests. In Letter NSD-NRC-96-4649
V
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(February 16, 1996), Westinghouse makes the following statement in
response to RAI 480.381: "The Zuber-Staub film stability model does assume
certain aspects of film behavior which are inconsistent with observed film
behavior. The assessment of external PCS water coverage uses the

Zuber-Staub model and relevant parameters selected to conservatively bound
the observed evaporating film behavior."

The inconsistent aspects are not explained.

The Zuber-Staub model predicts that thinner films are more stable (i.e.,=

less prone to forming dry patches) as heat flux is increased. This trend
not only contradicts engineering judgment (a thin film should break down
as the heat flux increases), but does not match measured data (for
example, Fujita and Veda,1978). As part of this review, both the
original Zuber-Staub model and the additional terms added by Westinghouse
were re-derived. It was found that the original Zuber-Staub paper
contained a discrepancy: a minus sign was dropped between Equations 15 and
16 in the original paper. The affected term accounts for the change in
surface tension forces due to heating ("thermocapillary effect"). This
discrepancy would cause such an anomalous (and nonconservative) trend in
the predicted film thickness versus heat flux. However, when asked for

numerical examples of Zuber-Staub predictions, it was apparent that
Westinghouse reversed the sign sense of the heat flux term to correct this
trend in the Zuber-Staub model in practice. Westinghouse Report PCR-
PSR-03 (1994) made no mention of any revised heat flux definition or other
corrections to the Zuber-Staub model.

Ho separate-effects data have been presented to support the Zuber-Staub*

model. Zuber and Staub did not present any data comparisons. Only one
paper was found during a literature search (Ponter et. al.,1967) which
compared the Zuber-Staub model predictions to measurements. A summary of

these results is shown in Table 21.14. The Zuber-Staub model did not
match the measured wetting rates well over a range of temperatures from 30
- 80 *C. At the lower temperatures, Zuber-Staub considerably
overpredicted the wetting data. At higher temperatures, Zuber-Staub
underpredicted the data. As Westinghouse divides the Zuber-Staub model
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results by a parameter (R,,,), the minimum film thickness results are
normalized to what is essentially a cold-test result value. Therefore,
the minimum film thickness at higher temperatures (T - 120 *C) could be
significantly underpredicted.

Table 21.14
Comparison of Zuber-Staub Model Predictions to Measurements

of Water on a Smooth Copper Surface *

Surface Contact Predicted Minimum Measured MinimumTemperature Angle Wetting Rate kg/m- Wetting Rate kg/m-
,("C) (Degrees) hr (1b/ft-hr) hr (1b/ft-hr) 1

30 74.60 424 (285) 247 (166)
42 72.75 432 (290) 298 (200)
55 71.25 432 (290) 298 (200)
70 68.75 432 (290) 360 (242)

80 68.00 464 (312) 491 (330)

* Ponter et al., 1967

b
Ponter et. al., (1967) stated, when discussing the poor agreement of
experimental data to the Zuber-Staub model, that:

This is not surprising when ones [ sic) compares the actual dynamics
of the system with the assumptions made in the model. This was
developed for laminar flow conditions, assuming a parabolic velocity
profile. Above a Reynolds number of 20, surface waves are apparent
which between the ranges Re - 300 to 1120 cause liquid circulation
sufficient to induce mixing. In this range the simple models will
not simulate actual flow conditions.

Reynolds numbers of 300 - 1120 are well within the expected range for
AP600.

Besides dry patch formation (the mechanism modeled by Zuber-Staub), other=

mechanisms can break down falling liquid films on heated (or unheated)(3O
AP600 SDSER 21-207
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surfaces. The staff has considered the following mechanisms in this
review:

longwave instabilities-

- Marangoni effect
- surface effects

S. G. Bankoff (1994) and Hocking and Miksis (1993) discuss the unstable
fingering of a contact line as it advances down an inclined or vertical

,

dry surface due to longitudinal wave flow instabilities. Small

perturbations may cause spanwise waves in the flow direction, which
eventually grow and split into rivulets. This instability phenomena is
dependent on fluid viscosity and apparent contact angle. This type of
wave phenomena was not observed during the water distribution tests or

during tests in the LST facility. The staff's preliminary assessment is
that this mechanism is not directly applicable to AP600, however, this
area is still under review. '

'

The Marangoni effect is the tendency to form rivulets due to local
variations in temperature. The Marangoni effect can cause the breakdown
of wavy subcooled liquid films even at relatively high flow rates. (Note:

,

liquid films become wavy even at relatively low Reynolds (Re) numbers, for
example, Re > 30, well within the Reynolds numbers expected for the
AP600.) The regions of greater film thickness will have a lower
temperature, and therefore a greater surface tension. This will draw more

,

liquid into the thicker zone, causing rivulets to form. In E. Ruckenstein
(1971), the Marangoni effect is noted to cause the formation of " quasi-
parallel rivulets." This mechanism may have been a contributor to the
film breakdown " striping effect" noted in the large-scale tests such as
Test 219.1 (along with the " surface effect," see below). However, the
Marangoni effect requires a heated surface, so it does not explain the
results from the unheated water distribution tests.

'

" Surface effect" is the decrease in liquid film stability caused by rough,
wavy, or deteriorated conditions on the surface. The roughened or wavy

surface requires more liquid mass for the same effective film thickness;
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therefore,' the minimum stable film thickness is effectively increased.
The " surface effect" is highly dependent on construction and maintenance
practices. This effect is believed to account for the dry patches that
form parallel to the welds, joining the pressure vessel sections in the

,

l water distribution tests. This effect is particularly difficult to model
analytically.

It is believed that dry patch formation based on the Zuber-Staub model does
not explain the film breakdown phenomena noted in any of the large-scale

| Westinghouse water distribution and large-scale tests. Nor have any small-
!

scale or separate-effects data been presented to support this use of the
Zuber-Staub model. Therefore, it appears that there are no test data to
support the conclusion that the Zuber-Staub criteria are adequate for PCS film
coverage fraction calculations for DBA evaluations of AP600.

|

To correct the deficiency of the Zuber-Staub model, Westinghouse proposes
(PCR-PSR-03,NSD-NRC-96-4646, and NTD-NRC-96-4635) to multiply the Zuber-Staub '

minimum mass flow rate by a constant value, R,,,. This value was determined to!O bound the water coverage data from the unheated water distribution tests and
the large-scale tests. Use of this approach, the R,,, multiplier, is still
under staff review and it is not clear that it adequately addresses the;

inconsistent aspects of the Zuber-Staub model.
|

2. Contact Angle Data

| Westinghouse performed a series of tests to measure the contact angle for a
static, horizontal drop of water (simulating the leading edge of the moving
water film) on a new and on a weathered coated surface. Westinghouse obtained
values of 20 to 28 degrees for weathered surfaces, and 28 to 53 degrees for
unweathered surfaces. Temperatures ranged from 27 aC (80 *F) to 82 *C

| (180 *F). Values obtained for the heated sample drop showed that the contact
angle decreased over 60 seconds.

4

!
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The following concerns are based on the staff's review of the applicability of
the Westinghouse contact angle data:

A number of researchers have investigated the behavior of contact angles*

for various fluids under differing conditions. Bankoff (1994) presents a
summary of information in this area, but other significant papers include

Ruckenstein (1971) and Silvi and Dussan (1985). The chief observation
generally made is that contact angles depend greatly upon whether the
fluid is advancing or receding (referred to as " contact angle
hysteresis"). There is a discontinuity in the contact angle, with an
advancing contact angle, 0 , being much greater than a receding contact4

angle, O.. The contact angle difference increases with increasing contact
line speed. Presumably an angle measured statically would be some average
of 8 and Os. An appropriate angle to use in a model such as Zuber-Staub4

is 0 at zero velocity. This can be significaatly higher than the static4

angle. A more appropriate procedure would nave been to measure the

contact angle of the interface line moving down a vertically inclined
plate. Since the contact angle is one of the more sensitive parameters in
the Zuber-Staub model, this is a significant issue.

The Westinghouse contact angle measurements showed that heated drops*

quickly flattened out after 60 seconds. This is due to the fact that the
drop has heated up - surface tension for water decreases as temperature
increases.' However, it is not clear that the angle used for the AP600 DBA
is appropriate for wetting of an initially hot surface. Westinghouse

should extend its contact angle tests to include higher temperatures (up
to 100 *C (212 *F)) and varying subcoolings. The heated tests did not

control other thermodynamic conditions such as pressure; instead, the drop
was allowed to evaporate. Therefore, these measurements are not the
" equilibrium" static contact angles, as in the Zuber-Staub model.

The Westinghouse testing procedure used clean laboratory water and clean*

samples. Important parameters such as initial and weathered paint
thickness, and contamination due to dust and organic solvents, were not
quantified.

O
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:

The inorganic-zine coating applied to the inside and outside surfaces of*

| the steel containment shell is critical to the overall performance of the
I(/ PCS. The characteristic of this coating, namely the contact angle, was
( developed from a treated test specimen, both for a " clean" and a

" weathered" sample. The LST and the WDT facilities used the same coating.
It is important to ensure that these tests controlled the coating
application so that the data are representative of tne prototypical AP600.

| With respect to the application of the coating, quality assurance for
these tests also needs to be verified by Westinghouse.

3. Water Coverage Fraction After Point of Instability
|

As discussed above, the coverage fraction for a downstream clime is assumed to
be the same as its upstream neighbor, unless the flow decreases below the
minimum value required for a stable film. When the flow entering a clime
decreases below this minimum, the coverage fraction for the clime is
multiplied by the ratio of the available flow to the minimum stable flow.

1

|

| The following concerns are based on the staff's review of the applicability of
\ the Westinghouse water coverage fraction procedure:

!

This procedure assumes that after the point of instability the water will*

re-form into a stable flow pattern, with the theoretical minimum film
thickness, to occupy the maximum coverage area possible. This assumption

| 1s not conservative. No theoretical support for this assumption was found
! during the staff's literature search. The Zuber-Staub model does not

predict what the film thickness will be for any flow rate. It only
! predict's the minimum film thickness needed to prevent the formation of dry

patches.

8esides the limitations cited above, the water coverage model also+

| mathematically assures that the flow entering a clime is already at its
minimum flow thickness. Therefore, as soon as the first drop of water is

{ removed by evaporation, the Zuber-Staub stability criterion will be
! violated for the remainder of the clime.
.
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4. Establishing a Stable Steady-State Cool Water Film Flow

OThe PCS water is stored in a tank above the containment dome. The water is I

gravity fed through a pipe into a collection bucket mounted on the top of the
containment dome. The bucket ft?ls with water and then the overflow is
distributed to the first of two reirs, where it is again collected and
overflows. The second weir collects the water and the overflow uniformly
feeds the remainder of the dome region and the vertical sides of the
containment shell. WGOTHIC assumes that the PCS flow will begin at 11 minutes
into the transient. A stable film flow regime is assumed. However,
establishing that flow regime means that the flow to the lower dome and
sidewalls will have to rewet a hot surface. Table IV of Westinghouse Letter '

NSD-NRC-96-4643 (February 12,1996) gives elapsed times for flow to fill the

bucket, to fill the first and second weirs, and establish steady coverage.
The letter also states that the shell time constant is approximately 5
minutes. In Letter NSD-NRC-96-4646 (February 15,1996), Westinghouse

recalculates the shell thermal resistance and obtains values which reflect a
time constant of approximately 5-2/3 minutes. Using an initial temperature
of 49 *C (120 *F), to reach an asymptotic outside shell surface temperature at
a given internal pressure, the external shell temperature for these elapsed
times can be exponentially projected as given in Table 21.15 below.

As can be seen, the film will encounter temperatures above the boiling point
near the spring line for time constants nearer to 5 minutes, and may not for
time constants nearer to 6 minutes, depending on other long-term containment
conditions, such as pressure.

If the surface temperature is 28 C (50 *F) to 33 *C (60 F) hotter than
boiling, the surface temperature could be near the Leidenfrost point. The
Leidenfrost effect occurs when a cold, wet object (like PCS water) touches a
hot, dry object (like the containment vessel surface). The water vaporizes,
creating a barrier of steam between the hot and cold objects. Hence, the two
objects do not actually touch and evaporation from the cold object is much
slower than might otherwise be expected. Under these conditions, some film
flow may be lost to sputtering during the period when the cold PCS flow rewets
the hot containment shell surface.
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Table 21.15

Projected Film Flow Temperatures at 5 and at 5-2/3 Minutes

Time 5 minutes 5-2/3 minutes
constant

Outside Outside Outside Outside
surface surface surface surface

temperature temperature temperature temperature
at at at at

Time' containment containment containment containment
Event in pressure pressure' pressure pressure

seconds 241 kPa 345 kPa 241 kPa 345 kPa
(35 psia) (50 psia) (35 psia) (50 psia)

Start 0 49 *C 49 *C 49 *C 49 *C
(120 *F) (120 *F) (120 *F) (120 *F)

Fill bucket 53 61 *C 62 *C 58 *C 60 *C
(141 *F) (144 F) (137 *F) (140 *F)

Fill 1st weir 203 86 *C 90 *C 79 *C 84 *C
(186 *F) (194 *F) (175 *F) (184 *F)

Fill 2nd weir 353 99 *C 107 *C 93 *C 100 *C
(210 *F) (224 'F) (200 *F) (212 *F)

p Establish 653 113 *C 123 *C 121 *C 132 *Cstea tate (235 *F) (253 *F) (250 *F) (270 *F)g
Asymptotic 121 *C 132 *C 121 *C 132 *C-

temperature (250 *F) (270 *F) (250 *F) (270 *F)

The PCS water coverage, and the application of the Zuber-Staub model, is SDSER
Open Item 21.6.5-18.

Cline Model for Heat Transfer to the Environment

Issue - Cline Model Validation

The information currently available is not sufficient to justify and validate
the implementation of the clime model.

O
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| Areas of Concern

i O| A clime is a special WG0THIC conductor which is constructed from a horizontal
I slice consisting of the inside condensate film, the PCS shell wall (and
'

coatings), the external film, the annulus air passage (or riser), the baffle,
j the downcomer air passage, and the shield building wall. Climes solve the
| tightly coupled heat and mass transfer equations for these multi-region slices

and act as boundary conditions for the existing GOTHIC fluid nodes. Climes

model the heat structures and the interaction of the heat structures with
adjoining fluid cells. Stacks of clime heat structures are used to track the

j thickness of evaporating and condensing water films flowing down a surface.
i

Evaluation

The climes methodology assumes that the water film thickness is constant on a
given clime. Westinghouse uses a rather course clime grid, with each clime
being approximately 5.2 meters (17 feet) tall (in the lumped-parameter model
for the AP600). If the film thickness is changing as the film flows down a
stack of climes, a " staircase" effect results, which will over- or
underestimate the average film thickness, according to whether condensation or
evaporation is dominant. This, in turn, will bias the average heat transfer
coefficient.

|

Westinghouse needs to justify the basis for this nodalization scheme and
quantify the error incurred by selecting this grid for the climes.

1
t

Stability and convergence problems may occur if the time steps are too large
for the explicit linkage between the (implicit) clime conduction model and the
(semi-implicit) MG0THIC calculation scheme. This could be a concern if the
heat'and mass transfer between the clime and the fluid cell were sufficiently
high to cause a significant change in the temperature of the fluid in a time
step, or if some conditions of rapid condensation occurred (such as at the
initiation of PCS film flow). Numerical instability problems caused by
explicit coupling usually can be avoided through the use of a sufficiently
small time step. If the time step used was not sufficiently small, a typical
consequence would be the onset of an oscillatory instability (with a
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half-period of one time step). Water property routines often fail shortly
(~ after the onset of numerical instabilities, so they usually do not go1 unnoticed. However, note that on page B-5 of Appendix B to WCAP-13246

'

(" Westinghouse-GOTHIC Clime Input User's Guide (Rev. 0)"), it states: "the

mass and energy error printed in the xyz.S0T can be large when running |

WGOTHIC, this is to be expected because of the communication between GOTHIC
!

and WGOTHIC and has a negligible impact on the results."
a

Westinghouse needs to explain why these errors occur and especially why they
have a negligible impact on the computed results. Westinghouse needs to

!

demonstrate t' hat mass and energy errors inside the containment are not
concealed as a result of the clime model implementation.

Westinghouse has not presented separate-effects validation tests to
demonstrate the correct implementation of climes into WG0THIC. The separate-*

effects cases presented in WCAP-14382 are all for heat or mass transfer to a
single component.

5O
The LST facility provides the only validation of the clime model. The

facility had no downcomer and a Plexiglas baffle. Although the LST facility
is one-eighth the size of the full-scale AP600, Westinghouse has retained the

.same nodalization scheme for the climes in the AP600.

A nodalization and time-step convergence study is needed to demonstrate the
!

stability of the clime model for the full-scale AP600 model nodalization.
,

The implementation and validation of the clime model is SDSER Open
Item 21.6.5-19.

Issue - Cline Model Neglect of Baffle Condensation

In the AP600 containment, air flow through the downcomer and annulus is the

major mechanism for heat removal, in the form of evaporated water, from the

AP600. Therefore, it is important that this air flow, and its heat-carrying
capacity, be conservatively modeled.

O |
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Areas of Concern i

The MG0THIC clime model predicts the heat removal rate through the AP600
containment shell. As described in WCAP-14382, each clime models a slice

through the internal condensate film, the shell (and inorganic zinc coating in !

each side of the shell), the PCS film flow, the annulus, the baffle, the
downcomer, the shield building, and the environment. Convection from the
shell and mass transfer from the PCS film to the annulus air are modeled, as

is radiation to the baffle. Convection and radiation to and from the baffle |

1s modeled. However, some of the PCS flow which has evaporated from the shell i

surface may condense on the cooler baffle side of the annulus. This effect
(1) is not currently modeled, (2) may increase the calculated heat up of the
baffle and downcomer, and (3) may decrease the natural-circulation driving
head.

Evaluation

At the start of a LOCA, the baffle will initially be at the ambient
temperature, currently assumed to be 46 C (115 F). Evaporation from the top
of the dome begins in 3 - 4 minutes, followed a few minutes later by film flow
evaporation from the sides of the shell cylinder. The annulus air temperature
soon reaches a temperature of 71 C (160 aF). While much of the evaporate
will be swept away up the chimney, a significant quantity will rise and
condense on the underside of the baffle support structure and shield building
ceiling. This water will rain out on the dome's top surface (to re-evaporate)
or will flow down the baffle. Because of the turbulent conditions in the
annulus, some evaporate from the cylinder will condense on the baffle, perhaps
at a higher elevation than where it was generated. The net effect is that the
baffle's inside surface temperature will quickly reach equilibrium with the
annulus air temperature (Letter NTD-NRC-94-4100, Enclosure 1). The baffle is ;

a thin steel plate, with a thermal lag of only a few tenths of a second. The |

outside surface of the baffle will quickly be near the same temperature as the
inside surface.

,

|
!

The baffle will slowly heat the downcomer air. The downcomer is wider than

the annulus riser section and will be in a natural-circulation heat transfer

AP600 SDSER 21-216
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. regime. However, as much as 10-percent less driving head may be available due
!

O to this phenomena than has been considered in the MG0THIC AP600 model.
V I

The treatment of the condensation on the baffle is SDSER Open Item 21.6.5-20.

|
21.6.5.3 Models Not Used for AP600 Analysis

The staff review of the GOTHIC documentation that supports the MGOTHIC |

computer program is restricted to only those features and models to be used
for the AP600 PCS DBA analyses.

In Letter NTD-NRC-95-4577 (October 12,1995), Westinghouse states that the
following models were not used in the analysis of the AP600 containment and

supporting analyses of tests using the MG0THIC_S Version 1.2 computer program:

Gido-Koestel condensation model*
i
,

tube and rod conductorse '

components*

pumps and fans-

( valves-

heat exchangers-

vacuum breakers-

spray nozzles-

coolers-

volumetric fans-

coupled boundary conditionsa

21.6.5.4 Nodalization Models for Containment

Westinghouse will be using both the lumped-parameter and the distributed-
parameter modeling techniques for the AP600 DBA PCS analyses. The short-term |
LOCA analyses will be performed with a model that uses the distributed-model

technique for the region above the operating deck and the region below deck
encompassing the reactor coolant system (equivalent to the steam generator
subcompartment in the large-scale test facility). The remaining

O subcompartments below deck will use the lumped-parameter model. "Short-term"

AP600 SDSER 21-217
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refers to the LOCA time span through the second peak pressure, about 2,000 to
3,600 seconds after the break. The purpose for this model is to demonstrate
compliance with the peak pressure requirement after the LOCA initiation.

The MSLB and long-term LOCA, out to 72 hours, will use the lumped-parameter
technique both above and below the operating deck. The purpose for this model
is to demonstrate compliance with the peak pressure requirement for MSLBs and
the pressure requirement 24 hours after accident initiation for both LOCA and
MSLB.

Westinghouse provided a nodal sensitivity study in Letter NTD-NRC-96-4634
(January 31,1996). The MG0THIC model for the AP600 was submitted to the
staff in Letter NSD-NRC-96-4642 (February 12, 1996).

The staff informed Westinghouse, in a NRC letter dated March 1,1996, that
Westinghouse Letter NTD-NRC-95-4634 did not contain sufficient material for a
technical review. The additional information necessary for a review of the
information presented was provided in the NRC letter of March 1,1996.

The staff is currently reviewing the MG0THIC model data provided in
Westinghouse Letter NSD-NRC-96-4642. The staff is reviewing the AP600 MG0THIC

models for LOCAs and MSLBs and, combined with the modeling issues identified,
the models to be used for the AP600 DBA constitute SDSER Open Item 21.6.5-21.

21.6.5.5 Qualification Studies and Assessment

21.6.5.5.1 Overview of Experimental Database

The Westinghouse PCS test program was conducted over a period of several
years, with the final large-scale tests being completed in July 1994. In
addition to providing data on the performance of the PCS, the test program
provides data for the validation of the HG0THIC computer program.

O
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Tests to characterize the heat removal capabilities of the AP600 containment
design were performed to provide the database for the containment cooling;

models. These include the following: -

study of water film behavior and wetting of a steel plate simulating the*

containment exterior surface
{
l

heated flat-plate tests to examine the evaporating heat transfer of water*

from the steel surface of the containment and heat transfer with only air
cooling

steam condensation heat transfer experiments on a flat cool surface at-

different angles of inclination to simulate the condensation on the inside
of the containment in the presence of non-condensible gases

The water film behavior and wetting study provided the contact angle data for |

use in the proposed Zuber-Staub model to determine the water coverage !
fraction, as discussed in Section 21.6.5.2 (Issue 2.II.8). |

l

h)
f '

The heated flat-plate tests were a series of forced convection heat transfer |

tests performed at the Westinghouse Science and Technology Center (STC).
;

These tests provided heat and mass transfer data for channels with heat
|

fluxes, liquid film flow rates and air cooling velocities representative of )
. the AP600 air annulus during a DBA (Section 21.6.5.5.3 - Westinghouse STC Flat I

Plat Evaporation Tests). A series of dry tests were also run at the STC
(Section 21.6.5.5.2 - Westinghouse STC Dry Flat-Plate Tests).

l

|
The steam condensation heat transfer experiments were conducted at the l

University of Wisconsin. These tests provided condensing heat and mass
transfer data under conditions similar to what could be expected following a

|

LOCA or MSLB transient within the AP600 containment (Section 21.6.5.5.3 - |
University of Wisconsin Condensation Tests).

The heat and mass transfer database was augmented with data from other

sources; the Hugot data, the Eckert and Diaguila data, and the Siegel and
Norris data for heat transfer (Section 21.6.5.5.2); and the Gilliland and

%)
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Sherwood data for mass transfer (Section 21.6.5.5.3). The large-scale tests
(Sections 21.6.5.5.2 and 21.6.5.5.3) were also used to supplement the
database.i

21.6.5.5.2 Separate Effects Tests - Heat Transfer

The separate-effects heat transfer tests (Hugot, Eckert and Diaguila, and
Siegel and Norris tests) are summarized in Westinghouse Report PCS-GSR-004

(" Experimental Basis for the Heat Transfer Correlations Selected for Modeling
Heat Transfer from the AP600 Containment Vessel"). A revised report,
including the separate-effects mass transfer tests, was issued as WCAP-14326
(" Experimental Basis for the AP600 Containment Vessel Heat and Mass Transfer

+

Correlations"). This report supplements the mass and heat transfer data with.

the Westinghouse STC dry, flat-plate tests and the large-scale tests, both for
dry and wet tests.

Huaot Tests

These tests are stated to involve heated parallel plates under assisting
mixed-convection conditions.. Five tests were analyzed. A table summarizing
test data contains values of a Grashof number, Gr and a Reynolds number, Re,-a

it is not clear how these are defined (specifically, it isn't clear what the
characteristic length is taken to be: usage generally implies it should be
based upon plate spacing or hydraulic diameter D but Gr does not show the

3 a

expected variation with L/Dn assuming L is the same in all tests as is implied
in the text). Gr ranges from 2.4 x 10' to 5.18 x 10 , and Re ranges from 1.18

a a

x 10' to 3.54 x 10'. (AP600 riser values of Re and Gr are stated to range upa o
5

to 10 and 4 x 10', respectively.) The ratio of predicted-to-experimental
local values of the Nusselt number (Nu) is plotted against x/d (x and d
undefined). The predicted local Nu is too high for the smallest x/d values,
suggesting that the entrance effect treatment is inappropriate for the
experimental configuration. Outside the entrance region, the
predicted / experimental (P/E) ratio averages 1.08 (mild nonconservatism) with
moderate variability [ standard deviation (SD) of 0.16]; trends as a function

O
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|

of x/d are predicted well for two tests and less well for two tests, with a
.

fifth being intermediate.
\

In its June 15, 1995, letter, the staff requested the following additional,

information about the Hugot tests:
!
'

RAI 480.356 How is the characteristic length defined?

,

RAI 480.357 The predicted local Nu is considerably too high for the smallest
x/d values. Does this suggest that the entrance effect

treatment is inappropriate for the experimental configuration?

Westinghouse has not addressed these RAIs. Resolution of the outstanding RAls
concerning the Hugot tests is SDSER Open Item 21.6.5-22a.

Eckert and Diaauila Tests

I

These tests studied assisting and opposing mixed convection in a heated tube, !
;

! with a height of 4.11 meters (13.5 ft) and an internal diameter of 59.1 cm
(23.25 in.); ten assisted convection cases (no opposed convection cases) were

: analyzed. Inlet and outlet air pipes and " dense screens" were located at each
jend; the ends were not free. The potential significance of the dense screens

t

is not discussed. The Gr Pr range was 6.9 x 10'- 7.2 x 10' (i.e., higher
than prototypic), and the Re, range was 3.6 x 10 - 3.77 x 105(i.e.,4

a prototypic).
}
|

| P/E ratios average 1.028, SD = 0.272; it is stated that the experimental data
t

!

show "large, unexplained variations" in the original report and the SD in P/E
! is, therefore, not considered excessive. P/E ratios are a 1 for three tests

)
;

5
with Re, < 10 and decrease with increasing Re ; inspection of the detailed ba

:
plots suggests this was the dominant trend, but other effects may also have !

been involved. The experimental heat transfer coefficients were based upon a
measured centerline temperature, not a bulk gas temperature, and this was

3 suggested (without details) as an explanation for the observed trend.
! Entrance effects were not overpredicted to nearly the degree that was found

|e

1
a

k |
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for the Hugot tests but the difference appears to be in the calculation, not
the data.

There is an outstanding RAI concerning the Eckert and Diaguila tests;
;

Westinghouse makes a point to mention the dense screens on the inlet and
cutlet, but provides no other information:

RAI 480.358 What is the potential sigr,ificance of the " dense screens"?

Resolution of the outstanding RAI concerning the Eckert and Diaguila tests is
,

SDSER Open Item 21.6.5-22b.
j
l

Sieael and Norris Tests

These tests involved heated parallel vertical plates with a constant wall heat
'

flux, height - 1.78 meters (5.833 ft); eight tests with the test section open )
to the bottom were analyzed. L/Dn values ranged from 3.0 to 24.00, Gr values Ia

ranged from 6.43 x 10' to 6.1 x 10 , and Re, values ranged from 1.65 x 10 to8 8

1.13 x 10'; thus, both Gr and Re are subprototypic. Convection was treatedo

as assisted mixed convection. P/E values averaged 0.857 with SD - 0.0903. It

was stated that predicted Nu matches experimental values fairly well at low
L/Dn but increasingly underpredicts Nu as L/Dn increased. It was also stated
that four tests performed at constant L/Dn illustrate the effect of
progressively increasing the loss coefficient from 1.5 to 35.6 (no information
is given as to how this was done); Nu was increasingly underpredicted as flow,

was reduced.

In its June 15, 1995, letter, the staff requested the following additional
information about the Siegel and Norris tests:

RAI 480.359 It is stated that four tests performed at constant L/Dn
illustrate the effect of progressively increasing the loss
coefficient from 1.5 to 35.6; how was this done?

O
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Westinghouse has not addressed this RAI. Resolution of the outstanding RAI
concerning the Siegel and Norris tests is SDSER Open Item 21.6.5-22c.

.

| Westinahouse STC Dry Flat-Plate Tests
1

| A series of forced-convection heat transfer tests were performed at the
;'

Westinghouse Science and Technology Center (STC). The test section was a
: vertical 1.83 meter-long (6-foot-long), heated steel plate coated with a

highly wettable inorganic zinc coating (to be used on the AP600). Seven tests,

i were run with heat fluxes and cooling air flow rates representative of the
expected AP600 air annulus during a DBA.

;

I '

Westinahouse Laroe-Sc' ale Tests - Drv External Heat Transfer
; y

i

j The steady-state circumferential1y averaged data from 14 of the 16 dry
large-scale PCS heat transfer tests were compared with results using the,

,

; selected heat transfer correlation. Two tests were omitted because of the

[ effects of using forced asymmetric annular air flow on the circumferential
|;,' averaging method used to evaluate the test results.

General Concerns With Heat Transfer Seoarate-Effects Test-

Experimental comparisons are presented in a way that needs more explanation.
All the comparisons are for channel geometry (heated vertical parallel plates
or pipe geometry. The comparisons are plots of calculated and experimental
local Nu values versus a dimensionless distance, x/d. Neither x ner d are
defined, but x appears to be distance along the channel and d relate.d to
channel width or pipe diameter. The local Nu values increase approxinately ;

linearly as a function of x/d and would, therefore, yield heat transfer I

coefficients approximately independent of distance if one uses these values in

a relation of the form h - kNu/x. This is the expected behavior: except near
the entrance, the heat transfer coefficient should be approximately
independent of distance down the channel. For channels, however, it is more
usual to define the controlling nondimensional numbers in terms of a width or
hydraulic diameter (d), and evaluate h from h - kNu/d; thus defined, these
Nusselt numbers should be independent of x/d, except for entrance effects. In
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general, the presentation seems to imply that this convention is being used in
the text when discussing channel geometries; e.g., Reynolds and Grashof
numbers are represented as Reg and Gr.. However, the values of local Nu

plotted in the figures would make no sense if they were interpreted in this
way (h would increase linearly with distance up the channel if h = kNu/d were
to be used). Clarification is needed.

In the presentations of the experimental comparisons, clarification is
required as to what correlation is used to obtain the predicted values of Nu
(Colburn, flat plat forced flow, etc.) in the various cases and what value of

i

the characteristic length is being used to evaluate Re and Gr. Justification
for the treatments chosen is also needed because, while all experiments are
based upon channel geometry, the L/0 values vary over a wide range, with some
of the values being too small to permit fully developed channel flow.

In its June 15, 1995, letter, the staff requested the following additional
information about the use of the separate effects heat transfer data.
Clarification of the concern or discussion of Westinghouse's responses follows
each RAI:

RAI 480.360 Clarification of the convention being used in discussing channel
geometries is needed.

RAI 480.361 Clarification is required as to which correlations (e.g.,
Colburn versus flat plate) are being used to analyze the various
experiments, what values of the characteristic lengths are
specified for the analyses, and what are the justifications for
the values chosen.

Comparisons between WG0THIC and experiments are stated to yield " acceptable

results" and the calculated local heat transfer coefficients " demonstrate the
proper trends."

RAI 480.362 In comparisons between MG0THIC and experimental results, what

criteria were applied in selecting the terms " acceptable,"
" proper," etc?
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The comparisons offered do show approximate agreement, as expected, since the

O basic Nusselt number formulations employed are standard. However, the report
says little as to what inferences may be drawn as to the adequacy of the heat
transfer modeling for AP600 analysis, in particular, there is no attempt to
apply the results to draw quantitative inferences concerning the conservatism
and/or the uncertainties that must be allowed for when applying these
correlations to AP600 analysis.

The following specific points are noted:

On the basis of the results presented, there appears to be no basis for*

claiming conservatism in these correlations; predicted to experimental
(P/E) values greater than unity are at least as comon as values less than,

unity.

Results are consistent with the correlations' being best-estimate (BE)*

correlations. However, BE analysis is generally acceptable in this
context only if it is accompanied by an assessment of the uncertainties.

I

All the experimental tests considered involve an approximation to channel*

geometry but some are characterized by L/D values too small to permit
full-flow development in the channel.

In the experiments, the channels (or pipes) are symetrically heated,*

while the AP600 channel heating is very asymetric. Heat transfer
coefficients for asymetrically heated channel surfaces may not be the
same as for symmetrically heated channel surfaces.

Not one of the 23 experiments for which results are sumarized provides*

experimental support for the belief that entrance effects significantly
enhance local Nu values. In all cases in which significant enhancement
was predicted, the prediction is in error. Continued use of the entrance
effect enhancement in MG0THIC analysis requires a considerably stronger
justification than any provided to date.
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Although the cases analyzed are stated to correspond to assisted mixed*

|

convection, there is no consideration as to whether the mixed convection
formulation used gives any improvement over what would be obtained
assuming either natural or forced convection by itself. It would be
instructive to include Nu numbers for both natural and forced convection |

calculated individually. This would permit conclusions to be drawn as to
which process dominates; whether the mixed result differs significantly
from Max (Nu,,,,, Nu,,,,); and whether the mixed formulation offers any
improvement over Max (Nu,,,,, Nu,,,,) . '

RAI 480.363 Westinghouse should attempt to apply the results to draw

quantitative inferences concerning the conservatism and/or the
uncertainties that must be allowed for when applying these
correlations to AP600 analysis.

i

Response: In Letter NTD-NRC-95-4602 (November 30, 1995), Westinghouse
references two reports which provide additional clarification.
The first report, UCAP-14326 (" Experimental Basis for the AP600

Containment Vessel Heat and Mass Transfer Correlations"),
updates information provided in Westinghouse Report PCS-GSR-004

|
(" Experimental Basis for the Heat Transfer Correlations Selected

for Modeling Heat transfer from the AP600 Containment Vessel").
The second report, Letter NTD-NRC-95-4570 (September 28,1995)

provides the bias to be used in the new conservative, bounding
AP600 DBA evaluation model.

RAI 480.364 Based upon the results presented, there is no basis for claiming
conservatism in these correlations. Results are consistent with
the correlations' being best-estimate (BE) correlations.
However, BE analysis is acceptable in this context only if it is
accompanied by an assessment of the uncertainties. How will
Westinghouse address uncertainties for the AP600 analyses?

Response: In letter NTD-NRC-95-4602 (November 30, 1995), Westinghouse,

refers to letter NTD-NRC-95-4570 (September 28, 1995), and

states that the AP600 PCS evaluation model includes multipliers
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on both the evaporation and condensation correlations that bound
the separate-effects test data,

i

RAI 480.365 All the experimental tests considered involve an approximation
to channel geometry, although some results were obtained for L/D
values too low to provide fully developed channel flow. Will
Westinghouse use the comparisons to claim validation for heat

transfer modeling in the channel, on the shell interior surface,
or both? Justification is required for whatever applications
are intended.

RAI 480.366 The experiments all involve symmetrically heated channels (or
pipes), while heating of the AP600 channel is quite asymmetric.
How large an uncertainty does the asymmetry of the AP600 channel

heating introduce into the anclysis when the only validation
data are for a symmetrically heated channel?

j

RAI 480.367 The Westinghouse model for entrance effects predicts enhanced

heat transfer close to the entrance for a number of the
O,s experiments. In every instance, this prediction is in error:

not one of the 23 experiments for which results are summarized
provides experimental support for the belief that entrance-
effects significantly enhance local Nu values. How does

Westinghouse reconcile this result with the continued use of the

entrance-effect model in HGOTHIC?

RAI 480.368 Does the mixed-convection formulation give any improvement over
what would be obtained assuming either natural or forced
convection by itself? It would be instructive to include Nu
numbers for both natural and forced convection calculated
individually.

Westinghouse has not addressed several of these RAIs. The staff is still
evaluating the responses to the other questions. Resolution of the
outstanding RAls concerning the separate effects heat transfer tests is SDSER
O 21.6.5-22d.

O
pen Item
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21.6.5.5.3 Separate-Effects Tests - Mass Transfer

OThe separate-effects mass transfer tests (the University of Wisconsin
condensation tests, the Gilliland and Sherwood evaporation tests, and the
Westinghouse STC flat plate evaporation test) are summarized in Westinghouse
Report PCS-GSR-006 (" Experimental Basis for the Mass Transfer Correlations
Selected for Modeling Condensation and Evaporation on the AP600 Containment
Vessel"). A revised report, including the separate-effects heat transfer
tests, was issued as WCAP-14326 (" Experimental Basis for the AP600 Containment

Vessel Heat and Mass Transfer Correlations"). This report supplements the
mass and heat transfer data with the Westinghouse STC dry flat-plate tests and
the large-scale test, both for dry and wet tests.

In Report PCS-GSR-006, Westinghouse provides the correlations used for Nusselt

numbers and briefly summarizes the heat / mass transfer analogy used to define

the Sherwood (Sh) number and the mass transfer coefficient. Comparisons

between the WG0THIC computer program and experimental results are expressed in
terms of the ratio of predicted-to-experimental values (P/E) of Sh for three
different sets of experimental data: the University of Wisconsin Condensation
Tests, the Gilliland and Sherwood Evaporation Tests, and the Westinghouse STC
Flat-Plate Evaporation Tests. Values reported are averages over the test
surface. There is no attempt to present comparisons in terms of local values
as was done for Nu.

University of Wisconsin Condensation Tests

In the tests for which comparisons are given, the experiments involved
measuring condensation rates for a steam / air mixture flowing through a channel
with a cooled surface in an apparatus that could be tilted in order to study
the effect of inclination angle upon condensation rates. When the test
section was inclined, the text seems to imply that the steam / air source was at
the low end (implying opposed mixed convection); however, published
descriptions (see for example, Huhtiniemi and Corradini (1993)) of the
experiments indicate that the steam / air mixture enters at the high end
(implying assisted mixed convection).

O
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When the inclination angle is low, it is not clear that either the " assisted" l

or the " opposed" mixed-convection treatment is appropriate.

Results are presented for 59 tests. The average P/E value is 0.968 with
SD = 0.203. P/E values are plotted against inclination angle over the range

1

0 - 90 degrees, against Re, over the range - 7 x 10 - 2.5 x 10', and against i8

steam mole fractions (~ 0.12 - 0.65). Results suggest a tendency for P/E to
;

increase slightly with increasing angle, with increasing Re , and with

decreasing steam mole fraction. These trends are weak but, just by visually '

inspecting the data, appear to be to some degree statistically significant (no
statistical significance tests are given in the Huhtiniemi and Corradini
paper). 'These trends suggest a potential for nonconservatism in modeling the
exterior channel which, relative to these tests, would be characterized by
high inclination angle, high Re , and low steam mole fraction for most of thea

surface.

In its June 15, 1995, letter, the staff requested the following additional
information about the University of Wisconsin condensation tests:

RAI 480.369 The text implies that the steam-air mixture enters at the low
end of the apparatus while it is believed that it enters at the
high end. Westinghouse needs to check this and revise the text
as appropriate.

RAI 480.370 Are the " assisted" versus " opposed" mixed convection

classifications appropriate at low inclination angles? What was
assumed in analyzing the low-angle experiments?

RAI 480.371 The P/E ratios appear to increase with increasing inclination
angle, with increasing Re , and with decreasing steam mole

fraction; do these trends indicate that there is a potential for
ranconservatism in modeling the PCS channel?

Westinghouse has not addressed these RAls. Resolution of the outstanding RAls
concerning the University of Wisconsin condensation tests is SDSER Open
Item 21.6.5-22e.

AP600 SDSER 21-229

. ._ _ _ . .--- _. _. . . , -



- . - . -

-

! Gilliland and Sherwood Evaporation Tests

9j These tests involved a study of evaporation of downward-flowing liquid films
on the inside of a vertical tube 1.17 m high and 0.0267 m ID. Liquid and air
were at approximately the same temperature (i.e., the tests were approximatelyi

isothermal). Temperatures were relatively low, 25 - 56 C and vapor mole
fractions were, therefore, low. Reynolds numbers were 2 x 10 to 2.5 x 10',8

with values under 10' in the majority of cases.
i

A total of 71 tests were analyzed. The mean P/E value was 0.925 with SD =
0.072. A plot of P/E against Re revealed no evidence of any trend. |a

|
Westinahouse STC Flat-Plate Evaporation Tests

The test section was a vertical heated and wetted flat steel plate 6-ft long.
An acrylic cover provided a channel for forced-air flow. Reynolds numbers

ranged from 2 x 10' to 1.2 x 105 (presumably these are based upon a channel
hydraulic diameter although this is not stated). The average P/E value for
the 23 tests considered was 0.936 with SD = 0.139. A plot of P/E against
Reynolds number showed no evidence of any trend.

In its June 15, 1995, letter, the staff requested the following additional
information about the Westinghouse STC Flat-Plate Evaporation Tests:

RAI 480.372 Is the Reynolds number range calculated based on the channel
hydraulic diameter? If not, how were the Reynolds numbers
obtained?

Westinghouse has not addressed this RAI. Resolution of the outstanding RAI
concerning the Westinghouse STC Flat-Plate Evaporation Tests is SDSER Open
Item 21.6.5-22f.

|

| O
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Westinahouse Larae-Scale Test _s - Internal Condensation
.

The steady-state, circumferentially averaged data from 7 of the 25 Phase 2
tests were compared with the results obtained using the selected heat and mass
transfer correlations.

In its March 20, 1996 letter, the staff requested the following additional
information about the large-scale tests used to support the heat and mass
transfer correlation:

RAI 480.404 On page 3-61 in WCAP-14326 (" Experimental Basis for the AP600

Containment Vessel Heat and Mass Transfer Correlation") it is
stated that only tests with film coverage greater than
90 percent were included in the comparison because lower film
coverage affected the circumferential averaging. This
eliminated 17 of the 25 tests. In Table 3-3 in WCAP-14382, the

13 tests selected for validation and verification all had a
target coverage of 75 percent or less. In Table 7-1 of

G(-
WCAP-14382, five of the tests (excluding the two dry tests) had
actual coverage of less than 90 percent. Provide a description
of the method used to obtain the circumferential average. Why
is this method not valid if the coverage is less than
90 percent? Explain why it is acceptable to verify the water
coverage model for tests with less than 90 percent coverage
while it is not possible to use test data at less than
90 percent to verify the heat and mass transfer correlations.

RAI 480.405 On page 3-62 in WCAP-14326 (" Experimental Basis for the AP600

Containment Vessel Heat and Mass Transfer Correlation") the
reference to Figure 3.9-1 says it is a plot of predicted-to-
measured Nusselt numbers for the seven large-scale PCS tests.
The actual figure on page 3-63 is a plot of predicted-to-
measured Sherwood (Sh) number. Note that there is one data
point near a predicted-to-measured Sherwood number of about 1.5,
at the lowest heated length. Either provide a corrected figure

(
s
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that supports the discussion in section 3.9 of WCAP-14326 or

modify the discussion to be consistent with the figure.

RAI 480.406 In the attachment to Letter NTD-NRC-95-4570, dated September 28,
1995, a plot.of predicted-to-measured Sherwood numbers versus

Reynolds number is used to show the bounding predicted-to-
measured value for evaporation. For the condensation
comparison, the predicted-to-measured Sherwood number versus

P/Pm ratio is used. There is no obvious reason as to why the
independent variable should be different for this use. However
in reviewing WCAP-14326, it appears that in Figure 4.3-1 of that
report (the Sherwood number versus Reynolds number comparison

for condensation) the outlier (at P/Pm - 1.491) is either
missing or outside that plotted range. Provide a corrected
Figure 4.3-1 for WCAP-14326 that includes this data point.

Westinghouse has not addressed these RAls. Resolution of the outstanding RAls
concerning the large-scale tests used to support the heat and mass transfer
correlation is SDSER Open Item 21.6.5-229

General Concerns With Mass Transfer Seoarate-Effects Test

The basic observations on these results are similar to those for the heat
transfer correlations. The results clearly show that the correlations give Sh
of the right order of magnitude and are defensible as best-estimate values but
not unconditionally conservative values. No " bridge" between these results
and quantitative implications for AP600 analysis is provided: that is, no
effort is made to evaluate a quantitative uncertainty for the correlations
when applied to the AP600 or to quantitatively assess implications for the
accuracy and/or conservatism of WG0THIC results for the AP600.

The University of Wisconsin (UW) condensation tests exhibit some weak trends
that, if extrapolated to AP600 conditions, suggest that the treatment of
evaporation from the shell exterior could be somewhat nonconservative. The

other test series that were considered showed no such trends, however. It is

not clear whether a more detailed review of the test series and/or of the
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WG0THIC analyses would lead to a better understanding of these differences and

O whether they are of any concern for AP600 analysis.

In its June 15, 1995, letter, the staff requested the following additional
information about the use of the separate-effects mass transfer data:

RAI 480.373 Westinghouse should attempt to apply the results to draw

quantitative inferences concerning the conservatism and/or the
uncertainties that must be allowed for when applying these
correlations to AP600 analysis.

Response: See response to RAI 480.363.

IRAI 480.374 Based upon the results presented, there is little basis for
i

claiming conservatism in these correlations. Results are
consistent with the correlations' being best-estimate (BE)
correlations. However, BE analysis is acceptable in this
context only if it is accompanied by an assessment of the

,

O uncertainties, which has not been provided. How will ;

Westinghouse address uncertainties for the AP600 analyses?

Response: See response to RAI 480.364.

RAI 480.375 P/E ratios for the UW condensation tests exhibit some weak
trends suggesting that the treatment of evaporation from the

shell exterior in the AP600 could be somewhat nonconservative.
However, no systematic trends in P/E ratios were evident in the

other two test series. A more detailed review of these test
series and/or of the MG0THIC analyses needs to be performed by
Westinghouse to provide a better understanding of this issue and
how it impacts the AP600 analyses.

Westinghouse has not addressed one of these RAls, and the staff is still
evaluating the responses to the others. Resolution of the outstanding RAls
concerning the separate effects mass transfer tests is SDSER Open

O Item 21.6.5-22h.
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21.6.5.5.4 Use of Separate-Effects Test in WG0THIC

The separate-effects tests are used to develop the mass and heat transfer

correlation to model the AP600 PCS with the clime model in the MG0THIC
computer program. The data are used to assess best-estimate correlations for

mass and heat transfer. These correlations are then conservatively biased
when used to analyze AP600 DBAs. Westinghouse has not provided any
uncertainty bands when test data were submitted. The results are generally
given in dimensionless form, using Sherwood, Nusselt, Reynolds, and Grashof
numbers instead of direct measurements like pressure and temperature. These

dimensionless numbers embody geometric factors such as hydraulic diameters and
lengths which can be related or compared to similar values expected in the
prototypical AP600.

The presentation of the separate-effects test data used to assess the mass and
heat transfer correlations in the MG0THIC computer program to be used for the
AP600 DBA evaluation model need to be presented with uncertainties shown for

the test data. This is necessary to clearly demonstrate that the bias applied
;

to the data encompasses the uncertainties in the tests. This presentation
should be made in the application report now being prepared by Westinghouse
for submittal in June 1996. Acceptance of the bias to be used for the mass j
and heat transfer correlations is SDSER Open Item 21.6.5-23. I

1

21.6.5.5.5 Large-Scale Test Facility

iData from the LST facility are used to support the mass and heat transfer
!

correlations in MG0THIC, as discussed in Sections 21.6.5.5.2 (Westinghouse
Large-Scale Tests - Dry External Heat Transfer) and 21.6.5.5.3 (Westinghouse
Large-Scale Tests - Internal Condensation). The LST facility and the large-
scale test program are discussed in Section 21.3.8 of this supplement.

The LST instrumentation provided valid data, with the exception of the
internal velocity measurements. These measurements are difficult to obtain i

and the instrumentation failed during the test program. The amount of f
instrumentation provided for the collection and evaluation of non-condensible
concentrations was limited to four locations, each near the vessel wall; one
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in the done region, one near the spring line, one above the simulated
'

operating deck, and one below the simulated operating deck,

Unlike the gravity feed tank in the AP600, the municipal water system used to
'

supply the PCS water in the LST facility tended to produce a fluctuating flow
rate for most tests. This PCS flow rate characteristic requires additional
consideration in evaluating and understanding some test results.,

The inlet steam flow rate for some tests was too low to be accurately measured
|

with the LST instrumentation. For these tests, it was necessary to estimated
this boundary condition from the test results, namely the measurements from
the condensate collection system. This too required additional consideration I
in evaluating and understanding some test results, most notably the results

'

for the blind test, Test 220.1.
1
i

The MG0THIC computer program was to evaluate the LST results as documented in

WCAP-14382. A number of priority tests were run with MG0THIC and comparisons ;

were made to the test results for pressures, internal total condensate flow,
external excess PCS flow, air pressure ratios and helium pressure ratios (as !
appropriate), and limited comparisons to axial temperatures. No uncertainty !-

in the test data are provided on the plot comparison. Additional details on :

the priority tests are provided in Section 21.3.8 of this supplement.

There are a number of outstanding RAIs on the information presented in
WCAP-14382:

RAI 480.389 WCAP-14382 provides the results of calculations with MG0THIC to
13 large-scale tests (212.lA, -B, -C, 214.lA, -B, 216.lA, -B,

219.lA, -B, -C, 222.1, 222.4A , and -B) and the blind test, Test
220.1. For each test, provide a table similar to that requested
above (see RAls 480.384) which includes the parameters used to
determine the water coverage (q", T, 0, R,,,, PCS flow rate, PCS

water temperature, etc.). Data need to be provided for each
wetted area. At what time in the transient are these data
selected and how is the data used to obtain the water coverage

,

used for each test prediction. Were the water coverage data
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|
I

calculated before the tests were run based on the planned |
(expected) striping specified in the test matrix?

RAI 480.390 No discussions are provided in WCAP-14382 to address differences
|

between the test results and HG0THIC results. For example, Test
212.1 shows NG0THIC predicting an increasing pressure while the |

test data appears fairly constant; and Test 214.1 pressure
|

predictions are less than the measured value. To what extent
are differences attributed to the water coverage model? Discuss
other problems with either the test data or the MG0THIC analyses
that explain the differences between the data and the analyses.

RAI 480.391 In WCAP-14382, the results of the blind test are provided. The

distributed-parameter model under predicts the early pressure
response. To what extent are differences attributed to the
water coverage model? To what extent are differences attributed
to not knowing the test boundary condition for the inlet steam?
Since the blind test required that the test actually be run and
resulting data be used to establish boundary conditions for the
analysis, justify its use as a blind test in the validation and
verification of MG0THIC. What would be the consequence of not
having a blind test as part of the MGOTHIC validation and
verification?

RAI 480.392 In WCAP-14382, air pressure ratios for Test 212.1A, -B, and -C,
216.lA and -B, 219.lA, -B, and -C, and 221.1 are compared (test
to predicted). For Test 219.1B and -C, helium pressure ratios
are also compared. These data are plotted as fixed points
without uncertainty. Provide the uncertainty bands for the
measured values. For the measured values, uncertainties relate
to, in part, the uncertainty in pressure and temperature
measurements of the captured gas samples, the taking of multiple
samples, as well as other uncertainties inherent in analyzing
the gas samples. For the predicted values, provide a discussion
of how the plotted points are determined. If uncertainty is
included in this determination (for example extrapolation of a
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test measurement for comparison) then include the appropriate
1

uncertainty band on the predicted values as well. Once i

uncertainty is included, would any conclusions regarding non- |

condensible distributions, mixing or stratification be altered? I
Explain,

i

RAI 480.393 The modeling of the LST facility, particularly the dome region, '

has changed from that presented in a meeting on November 15,
1994, and referred to as the " Subdivided WG0THIC Model" to the

)

distributed-parameter model presented in
WCAP-14382 (Figure 5-34). It appears that no changes have been
made in the lumped-parameter model, this should be verified.

Justify the model presented in WCAP-14382 and what impact, if
any, the modeling of the dome region has on the MGOTHIC results
as compared to the old model. How are user inputs determined to ;
account for the actual geometry? The model description should
be expanded to include a pictorial representation of the
" climes" and discuss how the " climes" are modeled: wet and dry
strips, number of " climes" in a stack, recommended user inputO parameters, etc. Also discuss how volume, mass, area and
momentum are properly accounted for in the model. The

discussion should also address modelling of the AP600 and any
additional requirements on user input.

Response: Westinghouse responded to the RAI in Letter NSD-NRC-96-4649

(February 16,1996). The Westinghouse response is currently
under review.

RAI 480.394 For the blind test, two analyses are presented. One for the l
distributed-parameter model and one for the lumped-parameter
model. Explain the difference between the two results for the
initial pressure response. Why does the lumped-parameter model
perform better than the distributed-parameter model during the
early part of the analyses? Why do both analyses underpredict
the initial pressure rise?

[ '

\
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RAI 480.395 On page 9-1 of WCAP-14382, the text refers to Section 9.4. This j
should be Section 9.6. Figure 9-1 on page 9-10 is cut off and I

the x-axis is missing. Provide the full figure,

i

RAI 480.396 Reference 3 of WCAP-13482 is the March 29 - 30, 1995, ACRS |

j

meeting of the thermal-hydraulic phenomena subcommittee. To the '

extent that the information presented at this meeting is being
|

used to support the PIRT, as noted on page 1-2 of WCAP-14382, |

provide a written discussion and include copies of the relevant
presentation material. In part, it appears that the material
provided to the ACRS supports the PIRT in Table 7-3 on page 7-7 |
of WCAP-14382 which differs from Table 2-1 on page 2-10 of |

WCAP-14190.

Resolution of the outstanding RAls on the MG0THIC analyses of the priority
large-scale tests is SDSER Open Item 21.6.5-24.

The large-scale tests are also used to support the PIRT for the AP600 PCS.
t

The scaling relationship between the LST facility and the prototypical AP600
is still under development, as discussed in Section 21.3.8 of this supplement.
There are a number of open items concerning the scaling study and the PIRT,
identified in Sections 21.3.8 and 21.5.8 of this supplement, and, therefore,
the LST scaling study and PIRT are SDSER Open Item 21.6.5-25.

21.6.5.6 Mass and Energy Releases for Design-Basis Accidents

In Letter NTD-NRC-95-4558 (September 15, 1995) Westinghouse submitted a

discussion on the applicability of SATAN-VI for use in calculating mass and
energy releases from large break LOCAs for use in evaluating the containment
pressure response to DBAs. The AP600 SSAR references are:

Shepard, R.M. et al . , WCAP-8264-P-A (Proprietary) and WCAP-8312-A,
*

(Non-Proprietary) (" Westinghouse Mass and Energy Release Data for
Containment Design")

O
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)

i

j WCAP-10325 (" Westinghouse LOCA Mass and Energy Release Model for*

! Containment Design - March 1979")
J

"

The staff is reviewing the differences between the AP600 and the class of PWRs
for which SATAN-VI was approved to verify that these differences can be
modeled without any changes to the approved computer program, other then

i nodalization. The passive safety features, and direct vessel injection, are )
being considered. The acceptability of SATAN-VI for the calculation of the I

LOCA mass and energy release for the AP600 DBA evaluation model is SDSER Open,

] Item 21.6.5-26.
:
.

Westinghouse uses LOFTRAN for the mass and energy release from secondary side I

accidents, such as MSLBs. The SSAR references are:
,

Land, R.E., WCAP-8822 (Proprietary), and WCAP-8860 (Non-Proprietary)*

(" Mass and Energy Releases Following a Steamline Break")
i

Burnett, T.W.T., WCAP-7907-P-A (Proprietary) and WCAP-7907-A (Non-*
;

,p Proprietary) ("LOFTRAN Code Description")

)U
| The staff is reviewing the differences between the AP600 and the class of PWRs
; for which LOFTRAN was approved to verify that these differences can be modeled

without any changes to the approved computer program, other then nodalization.

The passive safety features and direct vessel injection are being considered.
The acceptability of LOFTRAN for the calculation of the MSLB mass and energy

: release for the AP600 DBA evaluation model is SDSER Open Item 21.6.5-27.
!
4

21.6.5.7 Summary
:
i

The staff review and approval of the HG0THIC computer program is limited to

] its application to the AP600 for the DBA evaluation of the passive containment
cooling system.

!
4

- ,
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Status of Reauests For Additional Information

G,,

The staff issued four sets of RAIs concerning the WG0THIC computer program,
the supporting separate-effects databases, and the PCS testing program. The
status of the Westinghouse responses are in Tables 21.16 and 21.17.'

! Reoorts Currentiv Under Staff Review

Additional reports recently received from Westinghouse may address the issues, l,

concerns, and questions identified in this supplemental draft safety
evaluation report:

Letter NSD-NRC-96-4642 (February 12, 1996) ;
*

,

|

1 Letter NSD-NRC-96-4643 (February 12, 1996)*

Letter NSD-NRC-96-4646 (February 15, 1996)f *

l'

Letter NSD-NRC-96-4649 (February 16, 1996)*

Letter NSD-NRC-96-4652 (February 26, 1996)*

' The staff has not completed its review of these documents.

Additional Reports and Schedules

The staff expects additional reports from Westinghouse. The schedule for
these submittals was given in Westinghouse Letter NSD-NRC-96-4663 (March 8,

1996).

A revised nodal convergence study which includes, at a minimum, the*

additional information identified in the NRC letter of March 1,1996.
(Schedule: Unknown)

O
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I

Table 21.16 - Status of June 1995 RAls
'

RAlf Answer RAlf Answer RAI# Answer RAlf Answer RAI# Answer
480. Date 480. Date 480. Date 480. ? ate 480. Date;

277 299 11/95 321 343 365

278 300 11/95 322 344 366

279 11/95* 301 11/95* 323 345 11/95 367

280 302 324 346 368

| 281 11/95* 303 11/95* 325 11/95 347 369

282 11/95* 304 02/96 326 11/95 34,8 370

283 11/95* 305 11/95* 327 11/95 349 371

284 11/95* 306 11/95* 328 11/95 350 372

285 307 02/96 329 351 373 11/95*4

286 308 02/96 330 352 11/95* 374 11/95*

287 309 11/95* 331 02/964 353 375

288 11/95* 310 11/95* 332 02/96A 354 376

289 311 11/95* 333 02/96A 355 377

290 312 11/95* 334 356 378

O 291 313 11/95* 335 357 379

292 314 336 358 380

293 315 337 11/95 359 381 02/96-

294 316 338 11/95 360

295 11/95* 317 11/95* 339 11/95 361

296 11/95* 318 11/95* 340 362

297 11/95* 319 341 363 11/95 *
298 11/95* 320 342 364 11/95 *

Notes:
,

; The responses do not address original concerns. The June 1995 RAls*-
were issued prior to the AP600 DBA evaluation model change in
August 1995. This new approach, the conservative, bounding analysis,
may close some RAls but may also require additional RAls.

The responses are directed to a proposed plan to address mixing and*-

stratification (Letter NSD-NRC-96-4652 (February 26,1996)).

I The responses are based on Letter NTD-NRC-96-4634 (January 31, 1996),
.

4 -

which was found to be insufficient for a technical review.
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; Table 21.17.- Status of October 1995 and March 1996 RAls

RAI # RAI # RAI #
issued Answer issued Answer issued Answer

10/11/95 Date 03/04/96 Date 03/20/96 Date
.,

480.382 02/96 * 480.397 480.404
'

480.383 02/96 * 480.398 480.405

i 480.384 02/96 * 480.399 480.406
480.385 02/96 * 480.400 480.407
480.386 02/96 * 480.401 480.408
480.387 02/96 * 480.402 480.409

] 480.388 480.403 480.410

480.389 480.411
480.390 480.412

480.391 480.413
480.392 480.414

.i 480.393 02/96 480.415
i 480.394

; 480.395

480.396

Note:

*-
The responses to the RAls, Letter NSD-NRC-96-4649 (February 16,1996)
rely heavily on Letter NSD-NRC-96-4646 (February 15,1996).

A completed study on mixing and stratification for heat sink utilization,*

based on the proposal provided in Letter NSD-NRC-96-4652 (February 26,
1996). (Schedule: April 15, 1996). However, Westinghouse informed the.

staff on April 8, 1996, that this document would be submitted in May at a
date to be determined later.

A final report on PCS water coverage, to supplement the current report,*

Letter NTD-NRC-96-4635 (January 31, 1996). (Schedule: April 30, 1996)

O
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A final report on scaling and PIRT for the large-scale test facility. As*

O noted in Section 21.3.8, Open Item 21.3.8.5-1f, of this supplement, it is
expected that this report will be based on a traditional scaling approach.
The staff believes the report Westinghouse is now working a scaling
analysis that is not unconventional and based upon normalization but

rather is based upon a more traditional evaluation using the principles of
similitude. (Schedule: June 14, 1996)

A final application report describing the AP600 DBA evaluation model*

(Schedule: June 28, 1996)

Response and resolution of outstanding requests for additional information*

and resolution of the open items contained in this supplemental draft
safety evaluation report (Schedule: June 28, 1996)

21.7 Quality Assurance Insoections

21.7.1 QA Requirements for AP600 Design Certification Testing Activities

In Chapter 17 of the AP600 Standard Safety Analysis Report (SSAR),
Westinghouse describes its quality assurance (QA) program for the design phase
of the AP600 Advanced Light Water Reactor (ALWR) Plant Program. The QA

program is further described in WCAP-8370 Revision 12A (" Energy System '

Business Unit-Power Generation Business Unit Quality Assurance Plan"),
April 1992. WCAP-8370 applies to all Westinghouse activities affecting
quality of items and services, including the design certification process for
AP600. Accordingly, WCAP-8370 establishes Westinghouse's commitments to

conform to the requirements of Appendix B 10 CFR Part 50, ANSI /ASME standards
,

NQA-1 and NQA-2, and Regulatory Guide 1.28, " Quality Assurance Program
|

Requirements (Design and Construction)," Revision 3. )
4

In Section 17.3 of the SSAR, Westinghouse states that activities supporting
the design and design certification phase of the project are performed in i

accordance with WCAP-8370 as supplemented by a project-specific quality plan:
WCAP-12600 ("AP600 Advanced Light Water Reactor Design - Quality Assurance

O Program Plan (QAPP)"). Westinghouse developed the project-specific QA plan to
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enhance WCAP-8370 in specific areas and to establish additional commitments
needed to support the AP600 program. In Section 17.3, Westinghouse also

|

states that the AP600 design certification test programs and related analyses
are within the scope of this QAPP.

Westinghouse developed WCAP-12601 ("AP600 Program Operating Procedures") to

establish requirements and responsibilities for developing, approving,
implementing, revising, and maintaining operating procedures to meet the QA
and administrative requirements of the AP600 program. WCAP-12601 contains an
AP600 program procedure matrix, which identifies the correlation between the
Westinghouse commitments to the QA requirements of (1) ANSI /ASME Standard

NQA-1, " Quality Assurance Program Requirements for Nuclear Facilities," 1983
Edition (as endorsed by Regulatory Guide 1.28, Revision 3), (2) ANSI /ASME
Standard NQA-1 (1989 edition) through NQA-lb-1991 Addenda, and (3) the
corresponding implementing guidance embodied in WCAP-9565 (" Nuclear and

Advanced Technology Division (NATD) Quality Assurance Program") and in
WCAP-12601. WCAP-9565 governs the implementation of all NATD activities

related to areas within the scope of WCAP-8370, such as design control, test
control, test facility configuration control, and corrective actions.

Overall, the staff conducted in-depth inspections of the five principal
Westinghouse AP600 design certification test programs. The programs were
inspected to determine if design and testing activities performed to support
design certification of the AP600 advanced reactor were conducted under the
appropriate provisions of WCAP-8370 as implemented by WCAP-12600 and
WCAP-12601.

21.7.1.1 Core Makeup Tank Test Program

The staff conducted a QA implementation inspection at Westinghouse's
facilities in Monroeville, Pennsylvania during the week of May 1,1995 (NRC
Inspection Report 99900404/95-01). During the inspection, the team assessed
the Westinghouse implementation of the applicable QA criteria essential to
support the AP600 design certification application, including design cer-
tification testing. Specifically, the team evaluated the effectiveness of the

O
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| QA program and controls in governing the implementation of the AP600 core
!O makeup tank (CMT) design certification testing programs.
!V

For testing activities performed by the Westinghouse Test Engineering Group at
the Waltz Mill facility, including the CMT test program, Westinghouse
developed a specific QA plan or project quality plan (PQP) to implement the
applicable provisions of WCAP-12601 and WCAP-9565. This PQP established QA

| controls for the conduct of testing activities and encompassed design,
construction and configuration control criteria for the CMT test program.

The inspection team reviewed the PQP and the CNT test program specification to
determine if design certification testing activities performed at the Waltz

;

Mill facility were conducted in accordance with the appropriate provisions of
Westinghouse's 10 CFR Part 50, Appendix B, QA program (WCAP-8370).

Specifically, the inspection team examined the areas of performance and
activities within the scope of the PQP, such as organizational respon-
sibilities of the testing group, to confirm that activities in the pertinent
areas were performed under suitably controlled conditions by properly trained

/* personnel, and that the test data collected during such activities were
k appropriately recorded and maintained.

The team found that Westinghouse, in general, was adequately implementing the
AP600 QA program plan with one exception: Westinghouse had conducted one

inadequate audit at Alden Research Laboratory, Inc. (Alden Research). On
October 20, 1994, the Energy System Business Unit (ESBU) Projects Quality
Assurance organization had established the acceptability of calibration
services provided by Alden Research for AP600 design certification activities
on the basis of an audit conducted on March 4, 1992. The audit, however, had
not given adequate objective evidence that Alden Research was a supplier of
calibration services as a " basic component" (as defined in 10 CFR Part 21),
nor had it demonstrated the acceptability of Alden Research's technical and
quality program capabilities with respect to the requirements in 10 CFR,

Part 21. This was identified as Nonconformance 99900404/95-01-03.

In Letter NTD-NRC-95-4549 (September 12,1995), Westinghouse responded to

|p Nonconformance 99900404/95-01-03. Westinghouse stated that Alden Research had
VI
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been audited on May 25, 1995, and that although Alden Research's QA program I,

needed improvement in several areas of its implementation, nothing had been
found that would affect the calibrations performed on instrumentation for the
AP600 design certification testing program. The staff found Westinghouse's
reply responsive to the inspection finding and, in a letter dated December 5,
1995, told Westinghouse of its conclusion and stated that it would confirm 1

during a future inspection the implementation of the proposed corrective and
preventive actions related to the nonconformance to establish that full

,

compliance had been achieved and maintained. This is Confirmatory
Item 21.7.1.1-1.

;

21.7.1.2 Automatic Depressurization System Test Program

|

The staff conducted a QA implementation inspection at the Ente per le Nuove
Tecnologie, L'Energia e L'Ambiente's (ENEA's) Valve and Pressurizer Operating;

| Related Experiments (VAPORE) test facility in Cassacia, Italy, during the week '

; of July 24, 1995 (NRC Inspection Report 99900404/95-02). ENEA implemented the

pertinent provisions of WCAP-8370 at the VAPORE facility through its use of,

ENEA document AP600-GQ9402 (" Quality Assurance Plan Description: AP600 Test

Program Conducted at the VAPORE Plant in ENEA Cassacia (Phase B)").

Under a technical cooperation agreement, Westinghouse, ENEA, and Ansaldo

S.p.A. combined resources to conduct testing at the ENEA's VAPORE test
facility with two major objectives: (1) advance knowledge and understanding of
passive safety system operations and (2) conduct testing of the AP600
automatic depressurization system (ADS) to provide both design information and
data for computer code validation efforts needed to support AP600 design
certification.

The VAPORE test specification required that testing, designed to demonstrate
overall ADS performance verification, be conducted under a QA program that
conforms to the requirements of the American Society of Mechanical Engineers
(ASME) standard NQA-1, " Quality Assurance Program Requirements for Nuclear

Facilities," 1989 Edition through NQA-1-1991 Addenda.

O
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During the inspection, the team reviewed the pertinent documents to determine
if design certification testing activities performed at the ENEA VAPORE test
facility during the ADS test program were conducted in accordance with the

appropriate provisions of Westinghouse's 10 CFR Part 50, Appendix B, QA
program (WCAP-8370). The team examined the performance of activities in

specific areas within the scope of ENEA document AP600-GQ9402 (i.e., test
control, test instrument calibration, facility and records configuration
control) to confirm that activities in these areas were performed under
suitably controlled conditions by properly trained personnel and that the test
data collected during such activities were appropriately recorded and !

maintained.
1

On the basis of its review of these areas, the team concluded that the QA
program described in AP600-GQ9402, in conjunction with Westinghouse's

,

implementation of the pertinent criteria of WCAP-12601, gave sufficient {
evidence of overall QA program implementation appropriate to design
certification testing, except for one finding and one unresolved item. These

were identified as Nonconformance 99900404/95-02-01 and Unresolved
Item 99900404/95-02-02, respectively.

Nonconformance 99900404/95-02-01

The team found that test facility as-built drawings, as required by the test
specification and by ENEA document AP600-GQ9402, had not been prepared for the
AP600 ADS Phase B testing at VAPORE.

In Letter NTD-NRC-95-4591 (November 9, 1995), Westinghouse responded to
Nonconformance 99900404/95-02-01. Westinghouse stated that an audit of ENEA

conducted in June 1995 had also uncovered an issue concerning the as-built
configuration documentation of the VAPORE test facility. Ansaldo had been
hired to modify the facility for AP600 testing and was responsible for
preparing the appropriate documentation.

A Westinghouse review of all documentation at Ansaldo offices in Genoa, Italy
in July 1995 revealed that Ansaldo had used a combination of shop drawings and

Q field measurements to create the as-built documentation. After assessing the
kJ
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elements used to define the as-built configuration of the ADS test facility as
well as the supporting documentation on the procurement and fabrication of the
piping sections, Westinghouse concluded that the as-built documentation was in
compliance with AP600 project and QA requirements. The staff reviewed
Westinghouse's response and found it responsive to the concern raised in the
nonconformance. In a letter dated December 5,1995, the staff notified
Westinghouse of its finding and stated that the implementation of proposed
corrective and preventive actions related to the nonconformance would be

reviewed during a future inspection to establish that full compliance had been
achieved and maintained. This is Confirmatory Item 21.7.1.2-1.

Unresolved item 99900404/95-02-02

The team found that the ENEA QA program did not have adequate measures to
effectively control the calibration status of reference instruments or
standards. No provisions were in place to require their recalibration at the
requisite intervals. The test specification required that the following
measures be included in the detailed test procedure (s): (1) provisions for
ensuring that calibration of test equipment is traceable to recognized
national standards and (2) verification and documentation, to be submitted to
Westinghouse, by the testing organization that the facility instruments were
calibrated before testing. The ENEA QAPD document, AP600-GQ9402, implemented
these requirements.

During the inspection, the team confirmed that all test instruments used in
the ENEA VAPORE test facility had been calibrated, both before and after
testing, using standards or reference instruments traceable to the Servizio
Italiano di Taratura (SIT) (Italian calibration system). Also, the team
reviewed the calibration records of the VAPORE test facility which provided
evidence of traceability to the appropriate ENEA-controlled SIT-certified
standards. This review also gave evidence of the adequacy of the calibration
status of facility instrumentation during each testing phase. The team found,
however, that the ENEA QA program did not contain adequate measures to
effectively control the calibration status of reference instruments or
standards used for instrument calibration, as no provisions were in place to
require recalibration by SIT at the requisite intervals. Pending confirmation
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by Wstinghouse that this lapse in the SIT-certified calibration interval for
i

O' the ENEA reference instruments and standards did not undermine or adversely
impact the VAPORE ADS test results, this issue would remain unresolved.

In Letter NTD-NRC-95-4591 (November 9, 1995) Westinghouse responded to
Unresolved Item 99900404/95-02-02. Westinghouse stated that ENEA had sub-

mitted seven instruments involved in AP600 test instrument calibrations to a
nationally certified laboratory. Westinghouse added that as of October 1995,
five of the instruments had been found to be within expected tolerances. The
remaining two instruments would be tested by the end of November 1995. The
staff found Westinghouse's reply responsive to the concern raised in the;

| unresolved item. In a letter dated December 5,1995, the staff notified
Westinghouse that the implementation of proposed corrective actions related to
the unresolved iter would be reviewed during a future inspection to establish
their acceptability. This is confirmatory Item 21.7.1.2-2.

1

21.7.1.3 Passive Residual Heat Removal System Test Program j
i

O When Westinghouse conducted this test program, a configuration of straight
{
i

vertical tubes represented the in-plant configuration of the passive residual
|

i

| heat removal (PRHR) heat exchanger (PRHRHX). Subsequently, however, I
Westinghouse modified the PRHRHX design to a vertical C-shaped tube bundle. *

The staff asked Westinghouse to justify in detail the applicability of the
straight tube PRHRHX test data to the new C-tube configuration. This was

;identified as Open Item 21.3.3-1 in the DSER.

iWhile conducting a QA implementation inspection of the CMT and PCCS LST test '

programs at Westinghouse's facilities in Monroeville, Pennsylvania during the
week of May 1, 1995 (NRC Inspection Report 99900404/95-01), the staff reviewed
the PRHR test program design files. Although Westinghouse did not seem to
have conducted formal design reviews, all meetings, discussions, and other
cosununications relevant to the test program had been documented in memoranda<

at the initiative of the responsible test engineer. As a result, a record of

decisions concerning facility design and operation for this test program
| exists.

iO
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The team questioned the apparent lack of as-built drawings or identification
of critical dimensional attributes for the PRHR test program. In discussions
with'the test engineer who was responsible for the program and the manager of
test engineering, the team learned that there were only three critical
attributes for this relatively small-scale, separate-effects test: the
length, diameter, and thickness of each of the three tubes used to simulate
the operation of the PRHR heat exchanger. These " critical dimensions" were

|
measured and documented in the final test report for the program. Although i
these critical dimensions were not formally identified as such, the team
concluded that the PRHR test report would contain sufficient information for
the staff to issue its finding on the technical acceptability of the program.
The relevance of results obtained during this test program remains uncertain.
The status of data applicability is discussed in Section 21.3.3.

1

21.7.1.4 OSU/ APEX Test Program I
|

The staff conducted an inspection at the Oregon State University (OSU)
|

Advanced Plant Experiment (APEX) test facility in Corvallis, Oregon, during
the week of August 29, 1994 (NRC Inspection Report 99900404/94-01). Specific
quality provisions applicable to the OSU facility were identified in AP600
Document Number LTCT-CAH-001 ("AP600 Long Term Cooling Test Project Quality

Plan") (PQP). This plan established controls for the design and construction
of the test facility as well as for the conduct of testing activities.

The inspection indicated that Westinghouse, in general, was adequately
implementing the AP600 project QA program at OSU, except for a few findings in
certain areas. Specifically, the team identified findings with program
implementation with respect to (1) the calibration of instrumentation, (2) the
accuracy of the facility as-built drawings, and (3) the lack of adequate
control of drawing revisions. These issues were identified in Nonconformances
99900404/94-01-01 and 99900404/94-01-02. Also, a concern about OSU's

acceptance of test results that failed to meet established test acceptance
criteria, without an evaluation and disposition being includec in the test
design record file, was identified as part of Unruoi ud
Item 99900404/94-01-03.

O
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f Nanconformance 99900404/94-01-01
|

The team found that contrary to the provisions of the PQP, The Industrial
: Company (TIC) which calibrated thermocouples at the OSU/ APEX test facility,

| had hired Industrial Instruments, Inc. to calibrate the primary standards and
j had accepted the calibration certificates without having performed audits or a

{ surveillance of that company. Also, OSU had failed to verify the validity of

{ the flowmeter calibration certificates received from Foxboro Company, an
; unaudited commercial supplier.
!
i-

In Letter NTD-NRC-95-4408 (February 15,1995), Westinghouse responded to3

| Nonconformance 99900404/94-01-01. Westinghouse stated that a review, per-

{ fomed to identify suppliers of calibration services to the OSU test facility,
j revealed six suppliers for which QA oversight was needed to support test
; instrument calibration certifications. Because four of these suppliers were
! not on the Westinghouse qualified suppliers list, they were audited.
! Westinghouse added that these audits revealed no conditions that would
.

j invalidate the calibrations performed on any OSU test facility instruments.
After the audit, Westinghouse sent all devices used to perform the post-

| calibration checks to a qualified supplier of calibration services for
j calibration. To prevent future problems, Westinghouse would revise the OSU
! PQP to describe the requirements for procurement calibration services and
j calibration of commercially procured test instrumentation and calibration

| equipment.
:

; During a subsequent QA implementation inspection at Westinghouse's facilities

| in Monroeville, Per:nsylvania during the week of May 1,1995 (NRC Inspection

{ Report 99900404/95-01), the team reviewed the Westinghouse audit reports of
the four suppliers of calibration services not on Westinghouse's qualified
suppliers list (QSL) to confirm that the supplier's QA programs were suitable
to ensure reliable instrument calibration. In general, the reports
demonstrated that calibration services supplied by these companies were
adequate. Some questions were raised with regard to the audit of Morris
Scale, but it was determined that the instruments in que ' ion (load cells)
were not used for any critical measurements or to determine key facility
parameters, such as energy and mass balances. Calibration results were to be
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included as part of the final data report for the APEX test program.
Westinghouse submitted this report on June 13, 1995.

The team confirmed that Westinghouse had revised the OSU APEX PQP to describe

requirements for procurement of calibration services and calibration of
commercially procured test instrumentation and calibration equipment as stated
by Westinghouse in its letter of February 15, 1995. The team verified that
all other corrective and preventive actions identified in the subject letter
had been completed and documented. On this basis, this part of Nonconformance

99900404/94-01-01 is closed.

Nonconformance 99900404/94-01-02 ,

The team found that contrary to the provisions of the PQP, (1) no procedures
or instructions had been available identifying methods, accuracy, and/or the
acceptance criteria to be used for determining the as-built elevations and
dimensions of the OSU/ APEX test facility and (2) the TIC Calibration Procedure
19, which had been used to calibrate thermocouples for the long-term cooling
tests at the OSU facility, had not noted who originated, reviewed, or approved
the document.

In Letter NTD-NRC-95-4408 (February 15,1995), Westinghouse responded to
Nonconformance 99900404/95-01-02. Westinghouse stated that a specific set of
requirements were being incorporated into the OSU PQP for documenting critical
dimensions, and that the two TIC procedures cited in the nonconformance had
been superseded by two OSU procedures which corrected the inadequacies

identified by the team. As preventive actions, Westinghouse stated that
Procedure AP-3.11 in WCAP-12601 was being revised to address documentation of
critical attributes of test facilities, and that the OSU APEX PQP was being
revised to include requirements for preparing instrument calibration
procedures.

During a subsequent QA implementation inspection at Westinghouse's facilities
in Monroeville, Pennsylvania during the week of May 1, 1995 (NRC Inspection
Report 99900404/95-01), the team verified that Westinghouse had incorporated a
set of requirements into the OSU/ APEX PQP for documenting critical attributes
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of the facility design. The reverification of critical dimensions had been
completed, and a report was being prepared.

o
The team also verified that two thermocouple calibration procedures used by
TIC for APEX had been replaced by two OSU procedures which were incorporated
into the APEX facility maintenance plan. The team verified that the two
procedures properly indicated originator and management approvals and that
other corrective and preventive actions identified in the February 15, 1995,
letter had been completed and documented by Westinghouse. On this basis, this
part of Nonconformance 99900404/94-01-02 is closed.

|
Unresolved Item 99900404/94-01-03 '

The team found that OSU had accepted test results which had failed to meet

established test acceptance criteria, without placing an evaluation and
disposition in the test design record file. It appeared that at least two
facility characterization tests did not meet the acceptance criteria.
Nevertheless, these two tests were not rerun, and no documentation was

available at OSU to indicate the disposition of the apparent deviations.

Westinghouse's QA procedures require that test acceptance documentation
contain evidence that any deviations occurring during a test have been
evaluated and, if necessary, dispositioned. Westinghouse stated that accept-
ability of a test is documented in the quick-look report (QLR) for that test.
Also, the final data report (FDR) for each test program would contain a full
listing of all tests performed in the program, would identify those tests
considered to be invalid, and would explain why tests considered to be invalid
had been disqualified. Westinghouse's Test Engineering Group performs the
evaluations and prepares the QLRs and the FDRs. Westinghouse added that it,
not the testing organization (OSU), makes the final determination about the
acceptability of test results and that documentation of this evaluation and
its disposition would be placed in the official design record file at
Westinghouse offices in Monroeville.

During a subsequent QA implementation inspection at Westinghouse's facilities
in Monroeville, Pennsylvania during the week of May 1, 1995 (NRC Inspection

v
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Report 99900404/95-01), the team discussed the results of the OSU inspection
with Westinghouse's Test Engineering Group. The team learned that for one of
the tests related to the unresolved item at OSU, the data had been determined,
after the fact, as not essential for facility characterization. For the
second test, the flows that had been attained in the test had not met the!

| acceptance criteria but were determined to be useful to characterize the

| system and were accepted on that basis. Discussion of the reasoning used in
making these decisions was to be included in the final data report (FDR) and
the test analysis report (TAR). Although the reports had not been issued at|

the time of the inspection and, therefore, could not be reviewed to ascertain
that the disposition of these deviations had been appropriately documented,

i after speaking with Westinghouse's Test Engineering Group, the team concluded
that the evaluations had been performed, that the reasoning behind the

i

decisions on data acceptability and usefulness was sound, and that the QA

) program requirements had been met. Subsequent review of the OSU FDR confirmed

that discussion on the acceptance basis had been included. Therefore, this
part of Unresolved Item 99900404/94-01-03 is closed.

21.7.1.5 SPES-2 High-Pressure, Full-Height Integral Systems Test Program

The staff conducted a QA implementation inspection at the Societa' Infor-
mazioni Esperienze Termoidrauliche (SIET) SPES-2 test facility in Piacenza,
Italy, during the week of October 10, 1994 (NRC Inspection Report

99900404/94-01).

The quality-related activities associated with the AP600 full-height, full-
pressure integral system tests performed at SPES-2 were conducted under the

auspices of a cooperative agreement between Westinghouse, ENEA, Ente Nazionale
Per L'Energia Elettrica (ENEL), and SOPREN-Ansaldo. The test program provided
thermal-hydraulic data for computer code validation and simulated the
operation of the AP600 passive safety systems. SIET described the general
features of its QA system in its quality manual, 00001-QQ. Additional quality
plan provisions specific to AP600 testing were also detailed in Procedure
00006-QQ-92, " Quality Plan Relative to Nuclear Area Orders," which cross

| referenced European quality standards to the criteria of NQA-1. In order to
conduct these confirmatory tests, SIET had implemented an internal quality
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system which incorporates the requirements of both the International Organiza-O tion for Standardization (IS0) Code Series 9000 (UNI-EN 29000) and the Italian
,

: Code UNI-8450 (1983).

During the inspection, the team found that Westinghouse had established

appropriate _ procedural controls at the SPES-2 test facility which properly
incorporated the applicable provisions of WCAP-8370 except for a few findings
in certain areas. Specifically, the team identified a nonconformance with
program implementation with respect to the accuracy and preparation of
facility as-built drawings. These issues were identified as part of
Nonconformance 99900404/94-01-02. Also, the team identified an unresolved
item concerning SIET's acceptance of test results that had failed to meet
established test acceptance criteria, without an evaluation and disposition
being placed in the test design record file. This was identified as part of
Unresolved Item 99900404/94-01-03.

Nonconformance 99900404/94-01-02

O'\ The team found that contrary to the provisions of WCAP-8370 and WCAP-9565, (1)
no instructions or procedures were available at the SIET 5 PES-2 test facility
to verify critical dimensions or configuration of commercial manufacturing
drawings before accepting these drawings as representing the as-built design
condition and placing them under the SIET QA system, and (2) the procedures
for determining system and component elevations and arrangements at the SPES-2

test facility did not prescribe the required accuracy or include any
acceptance criteria for such measurements.

In Letter NTD-NRC-95-4408 (February 15,1995), Westinghouse responded to

Nonconformance 99900404/95-01-02. Westinghouse stated that SIET had prepared
a procedure for AP600 test configuration control, which would list the
applicable portions of SIET Document 00006-QQ-92 related to the requirements
for component inspections. Also, SIET confirmed that inspections had been
performed for all vessels constructed to simulate parts of the AP600 design.
SIET had compiled all inspection records and would verify that the component
acceptance inspections were performed in accordance with SIET Document 00006-

QQ-92. With respect to the other issue identified in the nonconformance,
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Westinghouse stated that SIET had prepared an AP600 test configuration control
document (000ll-QQ-94), which contained specific requirements related to the
identification of critical facility dimensions, including applicable '

tolerances. Also, SIET would revise the SPES-2 test specification to identify
the critical dimensions of the facility and the required tolerances. As
preventive actions, Westinghouse stated that it would revise relevant
procedure (s) in WCAP-12601 to address documentation of critical attributes of
test facilities.

In the course of a subsequent QA implementation inspection at Westinghouse's
facilities in Monroeville, Pennsylvania during the week of May 1,1995 (NRC
Inspection Report 99900404/95-01), the team verified that SIET had developed a
procedure for inspecting components acquired from commercial contractors. In
addition, SIET had reviewed records of equipment inspections for the SPES-2
test facility, and had confirmed that vendor drawings and specifications
properly reflected as-built attributes of relevant components. The team
verified that the SPES-2 test specification had been modified to identify
facility critical dimensions and associated required accuracy, and that as-
built critical attributes were confirmed by SIET. On this basis, this part of
Nonconformance 99900404/94-01-02 is closed.

Unresolved Item 99900404/94-01-03

The tern identified an unresolved item concerning SIET's acceptance of test
results that failed to meet established test acceptance criteria, without an
evaluation and disposition being placed in the test design record file.
Westinghouse's QA procedures require that test acceptance documentation

contain evidence that any deviations occurring during a test have been

evaluated and, if necessary, dispositioned. Westinghouse stated that accept-
ability of a test is documented in the quick-look report (QLR) for that test.
Also, the final data report (FDR) for each test program would contain a full
listing of all tests performed in the program, would identify those tests
considered to be invalid, and would explain why test considered to be invalid
had been disqualified. Westinghouse's Test Engineering Group performs the
evaluations and prepares the QLRs and the FORs. Westinghouse stated during
the inspections that it, not the testing organization, makes the final
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determination about the acceptability of test results and that documentation
O1

O of this evaluation and its disposition would be placed in the official design
i record file at Westinghouse offices in Monroeville, Pennsylvania.
!

:

During a subsequent QA implementation inspection at Westinghouse's facilities
in Monroeville, Pennsylvania during the week of May 1,1995 (NRC Inspection

i Report 99900404/95-01), the team discussed Westinghouse's process for the
1 evaluation and disposition of test results that do not meet the acceptance

criteria, as described above. After discussing this process with
^

Westinghouse's Test Engineering Group, the team concluded that the review

procedure fulfills Westinghouse's documented AP600 QA requirements. On this
! basis, this part of Unresolved Item 99900404/94-01-03 is closed.

21.7.1.6 Large-Scale Passive Containment Cooling System Test Program
.

'

The staff conducted a QA implementation inspection at Westinghouse's
facilities in Monroeville, Pennsylvania during the week of May 1, 1995 (NRC

; . Inspection Report 99900404/95-01). During the inspection, the team reviewed
i the Westinghouse implementation of the applicable QA criteria essential to

support the AP600 design certification application, including design cer-
' tification testing. Specifically, the team evaluated the effectiveness of the

QA program and controls in governing the implementation of the AP600 passive
.

containment cooling system (PCCS) Large-Scale Test (LST) design certification
testing program.

4-

Testing activities performed at Westinghouse's Science and Technology Center,

(STC), including the PCCS LST test program, were conducted under direct

oversight by the Energy System Business Unit (ESBU) QA organization. A

separate STC-based QA plan was not identified as a requirement for STC project
tasks. The quality-related activities associated with the PCCS LST tests were
controlled in accordance with the test specifications and the test procedures.
No specific LST quality plan was developed, however, a one-page quality plan
that was prepared for the integral extension test was applied to the LST.

j

During the inspection, the team reviewed Test Procedure 219.1, Revision 0,
~

which was used during Runs 54 and 57, to verify acceptable implementation of

;
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the AP600 quality plan. The purpose of Test 219.1 was to investigate the
distribution of noncondensibles as a result of changes in vessel cooling. I

While reviewing the test data for this test, the team noticed that the rate of
water flow to the top of the vessel had not been constant, as is required by
the test procedure. Another target test parameter was an inlet steam flow of
0.09 i 0.02 kg/s (0.2 0.05 lb/s). This steam flow was lowered to
approximately 0.054 kg/s (0.12 lb/s) to limit the vessel pressure and baffle
temperatures to an acceptable range. The team considered the failure of the
test conditions to meet the target test parameters to be a deviation from the j
test procedure.

|

|1
In accordance with AP-3.11, "AP600 Testing," these deviations were recorded
in the test logbook and the Test Engineering Group was notified of the I

deviations. The Test Engineering Group was responsible for evaluating the
reported test deviations and documenting the disposition of deviations by
sending an official test engineering transmittal to the test group.
Representatives of the Test Engineering Group stated that it was normal
practice to document deviations in the FDR. The team verified that the I

deviations had been documented in the FDR for Test 219.1. The engineering |
procedure also required the concurrence of the cognizant design group, in this |
case the Containment and Radiolcgical Analysis Group, for disposition of a 1

deviation affecting compliance with the test specification.

Representatives of the Test Engineering Group stated that the Containment and
Radiological Analysis Group acknowledged the disposition of these and other
deviations by their acceptance signatures on the QLR and FOR. The staff will

1

confirm the disposition of test deviations between the Test Engineering Group
and the Containment and Radiological Analysis Group during a future |

inspection. This is Confirmatory Item 21.7.1.6-1. |

|

The inspection indicated that Westinghouse, in general, was adequately
implementing the AP600 Quality Assurance Program Plan except for a few
findings in certain areas. Specifically, the team identified nonconformances
with program implementation with respect to (1) test facility configuration
control and (2) the accuracy of the facility as-built drawings. These

O
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findings were identified as part of Nonconformances 99900404/95-01-01 and
99900404/95-01-02, respectively.

Nonconformance 99900404/95-01-01

|

The team found that the PCCS LST specification did not accurately reflect the l
instrumentation that was procured and installed in the PCCS Large Scale Test '

Facility as required by the provisions of WCAP-12601. In a letter dated
September 12, 1995, Westinghouse responded to Nonconformance

!

99900404/95-01-01. Westinghouse stated that it would revise the PCCS LST
specification to reflect the final configuration of the PCCS LST. The staff
found Westinghouse's reply responsive to the concern raised in the |

nonconformance. In a letter dated December 5,1995, the staff notified
Westinghouse of its finding and stated that the implementation of proposed
corrective and preventive actions related to the nonconformance would be

reviewed during a future inspection to establish that full compliance had been
achieved and maintained. This is Confirmatory Item 21.7.1.6-2.

Nonconformance 99900404/95-01-02

The team found that procedures or instructions for determining the as-built
elevations and critical dimensions of the PCCS LST had not been available to l

or utilized by the Containment and Radiological Analysis Group as required by
WCAP-9565. In Letter NTD-NRC-95-4549 (September 12,1995), Westinghouse

responded to Nonconformance 99900404/95-01-02, stating that it would remeasure

appropriate critical dimensions in accordance with a written procedure.
Measurements so obtained would be compared to those previously recorded and

additional remeasurements wou'1d be taken if necessary. Westinghouse added
that after the PCCS LST program had been completed it had revised AP600
Procedure 3.11 to require that a written procedure be used to obtain the
specified critical dimensions of any safety-related AP600 test facility. The
staff reviewed Westinghouse's response and found it responsive to the concern
raised in the nonconformance. In a letter dated December 5, 1995, the staff |

notified Westinghouse of its finding and stated that the implementation of
proposed corrective and preventive actions related to the nonconformance would i

O
b

;
'
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be reviewed during a future inspection to establish that full compliance had
been achieved and maintained. This is Confirmatory Item 21.7.1.6-3.

21.7.2 Summary

After considering the QA implementation inspections of Westinghouse's design
certification test facilities or programs or both, the staff concludes that,
subject to the confirmatory items discussed above, the QA programs governing
Westinghouse's AP600 design certification test programs have satisfied the
requirements of 10 CFR Part 52 and the pertinent provisions of Appendix B to
10 CFR Part 50. The staff plans to conduct a final QA design control
implementation inspection during the fall of 1996. This inspection will
examine the effectiveness of the design control implementation for all
activities encompassing the AP600 design certification application. The
inspection will focus on design act'vities and computer code validation
efforts associated with Chapters 6, 15, and 21. During this inspection, the
staff will also evaluate Westinghouse's proposed resolution to the
confirmatory items discussed.

21.8 Comoliance With 10 CFR 52.47(b)(2)

The three requirements for design certification testing and analysis programs,
as stated in the Introduction to this chapter, can be summarized as
demonstration of

(1) performance of each safety feature

(2) effects of systems interactions and

(3) existence of an adequate database for code validation

Westinghouse has developed a test and analysis program no address each of
these requirements. Separate-effects tests address the 5.erformance of AP600
safety systems, including CMTs, ADS, and PRHR. Additional separate-effects
tests have been performed to extend the range of DNB correlations in the AP600
analysis codes, to comply with the last of the three requirements above.
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Integral systems tests also produce data on performance of these safety
systems, with the addition of accumulator (compressed-gas-driven) injection
and gravity-drain safety injection from the IRWST, and on the effects of

'

! systems interactions. Demonstration of the existence of an adequate database
.

{
for code validation is the objective of the c' ode qualification effort.

21.9 Summary.

i

j To a significe.nt extent, the staff is still reviewing the individual test
programs and the code qualification program. Although staff reviews to date I

I of test facility designs, instrumentation, scaling, and test matrices have not
l

i uncovered major deficiencies in the AP600 testing and analysis programs, it is |
| not possible at this time to draw final conclusions about the extent to which

|
those programs meet the requirements of 10 CFR 52.47(b)(2). The staff will
discuss completion of the reviews and final evaluations of the AP600 testing
and analysis programs in the AP600 final safety evaluation report.

O
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23 CONCLUSIONS.

i
.,

| The staff will present its conclusions about the review of the AP600 standard
1 design in the final safety evaluation report. The financial qualifications of

the applicable utility and the indemnity requirements of 10 CFR Part 140 will
be addressed during the plant-specific licensing process for an application
that references the AP600 standard design.

O

O
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Appendix C
i

ACRONYMS

U
!

| 2D two dimensional
! 3D three dimensional
!

i

!
'

ACRS Advisory Comittee on Reactor Safeguards,

I ADS automatic depressurization system
! ALWR advanced light water reactor
| ANPA-DISP Italian Nuclear Regulatory Agency
i ANSI American National Standards Institute
} AP advanced plant

|
|

; APEX advanced plant experiment
i ASHRAE American Society of Heating, Refrigeration, and Air
; Conditioning Engineers

ASME American Society of Mechanical Engineers
4

'

:
i$(

i\

| BE best estimate
'

i BMC Battelle Model Containment
I

j CAD code applicability document
j CCFP conditional containment failure probabilities
| CCFL
:
j CCS component cooling system

CFD computational fluid dynamics
; CFR U.S. Code of Federal Regulations
; CHF critical heat flux i

} CMT core makeup tank
.

COSI.;

CQD code qualification document
|; CSAU code scaling, applicability, and uncertainty;

CSNI.

3 q
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|

|

CU. Columbia University (New Ynrk City)
l

CVCS chemical and volume control system

/ l
!

! DAS data acquisition system
DBA design-basis accident
DECLG double-ended cold-leg guillotine
DNB departure from nucleate boiling
DNBR departure from nuclear boiling ratio
DOE U.S. Department of Energy

|
DSER draft safety evaluation report
DVI direct vessel injection

ECC emergency core cooling
| ECCS emergency core cooling system
; ENEL Ente Nazionale Per L'Energia Elettrica\ Italian Energy Agency

EPRI Electric Power Research Institute
ESBU Energy System business Unit (Westinghouse)

,

FDR final data report
FSER final safety evaluation report
FV&V final verification and validation

GDC general design criteria
GE General Electric

HDR Heissdampfreaktor\ German test facility
HEM homogenous equilibrium model
HTFR Heat Transfer Research Facility (Columbia University)

| HX heat exchanger

ID inner diameter
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I

IFM intermediate flow mixer
'

INEL Idaho National Engineering Laboratory
IRWST- in-containment refueling water storage tanks

ISO International Organization for Standardization
ISP international standard problem
IST inservice testing
ITAAC inspection, test, analyses, and acceptance criteria
ITP initial test program

LBLOCA large-break loss-of-coolant accident
LOCA loss-of-coolant accident
LOFT Loss of Fluid Test Facilty
LOFTRAN transient and SGTR computer analysis code
LST large scale tests
LTC long term cooling
LWR light water reactor

|
,

,p MSLB main steamline break

V
NATD Nuclear and Advanced Technology Division
NOTRUMP small break LOCA computer analysis code |
NQA nuclear quality assurance |
NRC U.S. Nuclear Regulatory Commission
NRR Office of Nuclear Reactor Regulation
NSSS nuclear steam supply system
NUPEC Nuclear Power Engineering Corporation (Japan)

OEDC Organization for Economic Cooperation and Development
'

OSU Oregon State University

PBL pressure balance line

p PC personal computer
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E

PCCS passive containment cooling system
PCT peak cladding temperature
P/E predicted to experimental
PIRT phenomena identification and ranking table
PQP project QA plan
PRHR passive residual heat removal system
PRHRHX passive residual heat removal heat exchanger
PV&V preliminary verification and validation
PWR pressurized water reactor

QA quality assurance
QAPP quality assurance program plan
QLR quick look report
QSL quality suppliers list

RAI request for additional information
RCP reactor coolant pump
RCS reactor coolant system
ROSA Rig-of-Safety Assessment
RTD resistance temperature detector

SAR safety analysis report
SD standard deviation
SDSER supplement to the draft safety evaluation report
SGTR steam generator tube rupture
SI safety injection
SIT Servizio Italiano di Taratura
SIET Societa' Informazioni Esperienze Termoidruliche
SIMARC Sl_Mulator advanced Beal-time Gode
SPES Simulatore per Esperienze di Sicurezza \ Italian test facility
SRP Standard Review Plan
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SSAR standard safety analysis report
: STC Science and Technology Center (Westinghouse)
( SWR steam / water reservoir

i

.

TAR test analysis report;

!
! THTS Thermal Hydraulic Test Facility
} TIC The Industrial Company

TMI Three Mile Island

UHS ultimate heat sink
UPTF upper plenum test facility
UWO University of Western Ontario

;

!

I
V&V verification and validation l

i

VAPORE valve and pressure operating related experiments

O
WCAP Westinghouse Commercial Atomic Power (report)
WDT water distribution tests
WCOBRA/ TRAC Westinghouse large break LOCA and long term cooling computer

analysis code

WG0THIC Westinghouse-GOTHIC analysis code

i
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Appendix D

PRINCIPAL CONTRIBUTORS
)

H8|E RESPONSIBILITY

T. Attard Nuclear Physics
T. Collins Reactor Systems
J. Dawson Containment Systems
R. Gramm Quality Assurance
J. Kudrick Containment Systems
R.- Landry Reactor Systems
A. Levin Reactor Systems and Testing
H. Li Instrumentation and Control
L. Lois Reactor Systems
R. McIntyre Quality Assurance
F. Orr Code Analyses

J. Peralta Quality Assurance
E. Throm Containment Systems

Contractors Technical Area
p

Argonne National Laboratory Code Analyses

ERI Code Analyses
.

Lockheed Idaho Technologies Company /

Idaho National Engineering Laboratory Testing and Code Analyses

Sandia National Laboratory Testing and Code Analyses

Scientech, Inc. Testing and Code Analyses
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