April 3, 1996

MEMORANDUM TO: Gary M. Holahan, Director
Division of Systems Safety and Analysis

THRU: Robert C. Jones, Chief
Reactor Systems Branch
Division of Systems Safety and Analysis

Timothy E. Collins, Chief

Advanced Reactor Systems and Special Projects Section
Reactor Systems Branch

Division of Systems Safety and Analysis

FROM: Alan E. Levin, Sr. Reactor Engineer
Special Projects and Advanced Reactor Systems Section
Reactor Systems Branch
Division of Systems Safety and Analysis

SUBJECT: TRIP TO SWITZERLAND, ITALY, AND THE NETHERLANDS,
MARCH 5-13, 1996

I traveled to the Paul Scherrer Institute (PSI), in Wuerenlingen, Switzerland
on March 6-8; to Ansaldo Nuclear Division in Genoa, Italy, on March 11; and to
the Dodewaard nuclear power station near the village of Dodewaard in The
Netherlands on March 13. The purposes of these three visits were:

PSI: Ps*‘cipate in quality assurance (QA) inspection and technical
discus’ on the PANDA test program, conducted as part of the SBWR
design ification testing program;

Ansaldo: Discuss QA procedures and interfaces between Ansalde and the
U.S. vendors related to the design certification test programs for the
AP600 and SBWR; specifically, the AP600 VAPORE program at ENEA’s
CRE/Casaccia Laboratories, and the SBWR PANTHERS program at SIET
Laboratories;

Dodewaard: Discuss in-plant testing related to natural circulation BWR
stability that has been conducted over the last several years at the
Dodewaard plant.

This report discusses the meetings that were conducted during each of the
three visits. A separate report on the PANDA QA inspection is being prepared
by the QA inspection team leader; however, some elements of the QA inspection
are also discussed in this report. The only material received during these
meetings were copies of slides used to make presentations to NRC staff; these
are included as Attachment 1. Attachment 2 lists the personnel contacted at

each meeting site.
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PANDA QA Inspection and Technical Discu<sions at PSI, March 6-8, 1996

On March 6-8, | reviewed material related to design control in the PANDA test
files at PSI as part of the QA inspection on the PANDA program. [ also
participated ir two technical meetings to discuss test results and technical
issues related to application of PANDA results to SBWR safety analysis. In
addition, since this was my first visit to PSI, I was given a brief tour of
the PANDA facility.

The design control portion of the PANDA test files appeared to be complete and
well-documented. One significant item that I found in the files was a
memorandum recording the results of a formal design review of the PANDA
facility and test program, which was conducted by GE at San Jose in October
1991. The design review team made a number of important recommendations and
assigned ~ction items for follow-up. At the time the design review memorandum
was written, GE was maintaining that the PANDA test program was
"confirmatory," and should not be required for SBWR design certification. In
addition, the memorandum was written almost two years before the NRC began its
inspections of test program QA implementation. However, prominent among the
recommendations of the design review team were development of a formal QA
program for PANDA, at least in part to help ensure NRC acceptance of the
results. Other recommendations included: (1) performance of a scaling
analysis; (2) use of data for TRACG qualification; (3) additional
instrumentation; (4) consideration of tests to simulate hydrogen behavior in
the containment; and (5) computational fluid dynamics analyses to aid in
evaluating nixing behavior in the drywell. PSI was also asked to evaluate the
possibility of density-wave oscillations in the PCCS and isolation condenser
(IC) HXs. On the pasis of the memorandum, and contrary to GE’s stated
position at the time, it appears that GE recognized the need for the PANDA
data as part ¢f the design certification database, and further, that GE
recognized the need for implementation of proper QA procedures as part of the
development of ihe test program.

There was no record in PSI's files as to whether the action items in the
memorandum were, in fact, resolved; we were informed that any such record
would be in GE's files at San Jose, since that was where the initial memo
originated, and where the complete PANDA DRF resides. It is an open question
as to why these recommendations were apparently not implemented at the time,
especially since some of these issues developed into major sticking points
between the NRC and GE between 1992 and 1994. (For instance, development of a
QA program was supposed to be completed within about 6 months of issuance of
the design review memorandum.) It is also worth noting that this memorandum
is, in a sense, consistent with documentation we have discovered in other SBWR
testing files. For instance, during the trip to Toshiba in August 1994, we
found a letter in the GIRAFFE files, dating back to the early days of that
program, which GE sent to all of its international technical associates
(ITAs), requesting details on their QA programs in order to document
compliance with NQA-1 per GE’s commitment to the Department of Energy. Based
on available evidence, it appears that GE anticipated very well many of the
technical and administrative issues that later arose on the SBWR test
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programs, but did not act on those issues until much Jater, at the NRC’s
request.

On March 7-8, 1 participated, with other NRC staff members, in technical
discussions on the PANDA program with PSI and GE representatives. PANDA is a
low-pressure facility that provides essentially a full-height representation
of the SBWR at 1:25 volume scale. [ found it to be physically quite
impressive; it represents the largest-scale thermal-hydraulic test facility
being used for passive plant testing, by both the vendors and the NRC (the
ROSA/LSTF facility being used for AP600 confirmatory testing is approximately
1:30 volume scale). Transient tests in PANDA were generally initiated under
conditions equivalent (scaled) to those in the SBWR approximately one huur
after a main steamline break, and were designed to provide data chiefly on
containment >ehaviour during long-term post-accident cooling.

PS1 went through a detailed descript.un of each transient test performed in
the facility as part of the SBWR testing program, highlighting important
phenomena and system behavior. Significant technical issues covered in these
discussions included: vacuum breaker operation; drywell pressure response;
ability of PCCS to remove decay heat and operation of main LOCA vents from
drywell to wetwell; and, to some extent, use of PANDA data for TRACG modeling.
Of particular interest was one test, M7, in which the main LOCA vents
oscillated open and closed over a period of several hours. Direct
communication between the drywell and wetwell through the LOCA vents bypasses
heat removal in the PCCS. and contributes to increased containment pressure,
since there is no safety-related heat removal system for the supprcssioi pool.
GE and PSI asserted that the oscillatory behavior was similar to that observed
during earlier steady-state tests, and resulted from fluctuations in water
level and steam production in the PANDA pressure vessel that were related to
the facility design and would not be observed in the SBWR. Also of interest
from the reactor systems standpoint was the single test in PANDA (M9) for
which the nominal starting time was approxim. .ely 19 minutes after accident
inception, rather than one hour. Emergency core coolant in_ :tion from the
gravity drain cooling system (GDCS) was simulated in M9, and conditions
overlapped, to a degree, those simulated in the GIRAFFE Systems Interaction
Tests (SIT), although the GIRAFFE/SIT tests represented other break scenarios.

A1l of the tests in GE’s PANDA test matrix have been performed, with one
exception: a test was originally specified that would involve actuation of
drywell sprays, which would tend to encourage actuation of the vacuum
breakers. GE’s primary objective in these discussions was to get the NRC’s
agreement that the PANDA testing performed to date fulfills the objectives set
out in the Test and Analysis Program Description (TAPD), and that no further
testing needs to be done. The rationale for this position is that a
significant number of vacuum breaker actuations were observed in other tests
and, further, that GE has removed containment spray phenomena as "high-ranked"
items in the SBWR phenomena identification and ranking tables (PIRTs).
Unfortunately, GE has not yet provided sufficient data for the NRC staff to
review for a determination to be made as to the adequacy of the test program
te fulfill the TAPD objectives.
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Based on a necessarily superficial evaluation, it appears that the PANDA
program has generated a substantial amou .t of valuable data for TRACG
validation related to the SBWR. In addition, based on review of the material
presented and comparison tu the GIRAFFE/SIT test that | observed at Toshiba in
October 1995, it appears that PANDA’s response is consistent with that
observed in GIRAFFE (accounting for the differences in facility configuration
and break scenario). With the recent decision of GE to withdraw the SBWR from
the design certificatizo process, however, it is not clear that *hc NRC staff
will be able to do a detailed review of the test data and reach any
conclusions on the adequacy of the test program. A final observation is
related to the way in which the SBWR test program has been conducted by GE’s
ITAs. It is clear that GE is dependent upon the technical expertise of the
ITA organizations t5 assist in analyzing the test data and understanding the
phenomena that are observed in the experiments. For instance the technical
discussions on PANDA were led by Professor Yadigaroglu of PSl. This is in
contrasl to the approach taken by Westiny.ouse in the AP600 testing program,
in which the testing organizations are involved to a lesser extent in data
analysis. Thus, discussions on SBWR testing must involve members of the
testing organization in order to gain a detailed understanding of the
experimental results.

Meeting at Ansaldo Nuclear Division, March 11, 1996

I participated in discussions as part of an NRC group at Ansaldo’s offices in
Genoa on March 11. The purpose of the visit was to discuss Ansaldo’s QA
program, and in particular, how the QA program was implemented for Ansaldo’s
activities as part of the passive plant test programs. Ansaldo has had a
major role in both passive reactor testing and analysis programs. Ansaldo was
ENEA’s prime contractor for modification of the VAPORE facility at the
Casaccia Laboratories, which was used for automatic depressurization system
testing for the AP600. In addition, Ansaldo performed pre-test calculations,
under contract o Westinghouse, for the AP600 tests performed in the SPES-2
faciiity at SIET Laboratories. For the SBWR, Ansaldo designed and fabricated
the PCCS end IC prototype heat exchangers tested in the PANTHERS facility at
SIET Laboratories. The tests were conducted under the supervision of GE and
ENEA. Both of these heat exchangers leaked during testing: the PCCS HX
leaked during thermal-hydraulic performance tests, and the IC HX leaked during
structural-related tests, after completion of the thermal-hydraulic
performance phase of testing. Both of these components have "zero leakage" as
a performance criterion, and Ansaldo is assisting GE in post-test evaluation
of component performance, investigating the reasons the leaks occurred and
what steps may be required to correct the problems.

Beyond the design certification test programs, Ansaldo is also involved in ADS
valve qualification testing at VAPORE. Although the same fac lity is used as
in the thermal-hydraulic tests, the objective of the qualification testing is
different from the design certification tests, and is considered by
Westinghouse to be part of the first-of-a-kind engineering (FOAKE) effort.
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Both Westinghouse and GE committed to implement an NQA-1 QA program for design
certification testing; this commitment e .ended to contractors and partners.

Ansaldo is a large, multinational company; although it began as a private
company, it now is under state control as parc of the Finmeccanica Group.
Although all of Italy’s nuclear power plants have been shut down, Ansaldo’s
nuclear-related operations have remained active in developmental activities;
aside from involvement in the U.S. vendors’ passive plant programs, the
company also participates in development of the European Passive Plant (EPP)
and the Italian "ISIS* concept, an "inherently safe” design. Other nuclear-
related projects have included work on the Cernavoda (CANDU) plant in Romania,
the Superphenix 1iquid-metal fast breeder reactor in France, and various VVER
designs in Russia and elsewhere in fastern Europe. The total staff of the
Nuclear Division (which does not include the components fabricatiun operation)
numbers 212.

As a major industrial company that has been involved in nuciear design and
construction, the Ansaido Nuclear Division has a well-developed QA program and
organization. The Ansildo QA manual was originally developed based on the
structure of the NQA-1 standzcd, since it predates the development of the
Curopean 150-9001 QA standard. The QA manual now incorporates elements of
HQA-1, IAEA 50-C-QA, and 1S0-9001. (Ansaldo is currently in the process of
obtaining 15C-9001 QA certification.) However, we also learned that, for
projects in which Ansaldo is a contractor to another company, the QA
requirements are specified in the contract by Ansaldo’s customer, so that
implementation depends upon the contractual specifications.

Ansaldo Nuclear Division has been audited by both GE and Westinghouse as a
contractor for the passive plant programs. Two GE audits resulted in no
findings. Three Westinghouse audits have been performed. In 1991 and 1993, a
total of 4 non-conformances and 7 observations were noted; however, no
findings were indicated in the most recent audit (October 1995). Ansaldv
Componenti (formerly ACO, now called UCN), the components fabrication
operation in Milan, is a separate organization from the Nuclear Division. UCN
holds an "N" stamp certification from the ASME, for which the most recent
survey was conducted in 1995.

Our general discussion on Ansaldo’s QA program was followed by separate
discussions with each vendor and the corresponding Ansaldo personnel. For
Westinghouse, we initially focused on the VAPORE facility modification that
was performed between the ADS Phase A (sparger) and Phase Bl (valve/piping
network) test programs. The work done for Westinghouse on the VAPORE facility
was undertaken as part of a three-party agreement between ENEA, Westinghouse,
and Ansaldo. The contracts for the work on VAPORE for Phases A and Bl were
drawn between Ansaldo and ENEA (rather than Westinghouse). Thus, ENEA was
responsible for specifying QA requirements to Ansaldo. According to Ansaldo,
no specific QA requirements were included in these contracts; rather, "best
engineering practice" was specified. This is consistent with what we found in
our initial visit to Casaccia in Octobz: 13%:, in that ENEA had no formal NQA-
1 program. However, the facility modifications were carried out in accordance
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wich Italian law tor high-pressure (non-nuclear) facilities, which we were
told is essentially equivalent to the r juirements in the applicable parts of
the ASMt Boiler and Pressure Vessel Code. Irrespective of the fact that no
specific requirements were imposed by ENEA on Ansaldo, the Ansalde QA program
was implemented for its YAPORE activities.

Ansaldo Nuclear Division designed the VAPORE modifications. However, the
fabrication and field assembly operations were subcontracted to Caldararia-
Carpenteria-Meccanica (CCM) and Quadraccia, respectively. Both of these
companies are on Ansaldc’s approved supplier list, and are audited by Ansaldo.
An§aldo was also responsible for instrumentation procurement and initial field
calibration.

CCM and Quadraccia developed detailed fabrication drawings based on Ansaldo’s
design drawings. As-built drawings were then developed from the shop
fabricatiun drawings. However, as we learned during the VAPORE QA inspection
in July 1995, field measurements were not taken to verify the as-built
dimensions (which resulted in a non-conformance, as reported in "NRC
Inspection No. 99900404/95-02," letter, Gallo to Liparulo, October 6, 1995).
This apparently resulted from a miscommunication between Westinghouse and
Ansaldo; Westinghouse acknowledged that specifications to Ansaldo should have
indicated that field measurements were required to verify as-built dimensions.

We did not discuss in detail the FOAKE activities conducted at VAPORE after
the completion of design certification testing. However, we were told that
this was a contract directly between Westinghouse and Ansaldo, specifying the
QA requirements for the program. We were also told that any future activities
involving Ansaldo would be carried out under the Ansaldo QA program.

We also discussed briefly the QA program that Ansaldo implements for
analytical work, such as that conducted for Westinghouse on SPES-2. Ansaldo
appears Lo have a well-developed set of QA controls and requirements for
analytical activities, including maintenance of a design record file related
to the code calculations. Since these activities were not a direct part of
the design certification, we did not review documentation related to these
calculations as part of the SPES-2 QA inspection (October 1994).

The arrangement under which Ansaldo participated in the SBWR program is
considerably different from that for the AP600. Ansaldo is part of a four-
party agreement on the SBWR, which also involves ENEA, GE, and ENEL (state-
owned utility). The PANTHERS program was arranged under an ENEL contract to
Ansaldo, with Ansaldo then contracting to ENEA and ENEA contracting to SIET
(which is owned by ENEA and ENEL, among others). Ansaldo Nuclear Division was
the designer of the heat exchangers tested in PANTHERS and Ansaldo Componenti
(ACO) was the subcontractor to the Nuclear Division that fabricated the
components. Ansaldo Nuclear Division provided QA oversight at ACO, through a
resident engineer at the fabricatien facility.
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The IC and PCCS HXs tested in PANTHERS are not N-stamped compqnents. We were
told that the installation of instrur 2ntation in the HXs required processes
that are not acceptable for an N-stamped article.

Installation of the HXs in the PANTHERS facility was also done by Ansaldo.
However, SIET was responsible completely for preparation of the test facility,
i.e., everything in PANTHERS except for the HXs themselves.

We also attempted to discuss in some detail the problems with leakage that
were encountered during the testing programs. GE’s position was that the
causes for the leakage are still under investigation, but that the amount of
leakage during the PCCS thermal-hydraulic tests was so small as not to affect
the results of the tests themselves. (As previously stated, the IC leakage
occurred after the completion of the thermal-hydraulic performance phase of
that test program.) The investigation is being conducted by GE, Ansaldo, and
ENEA, with support from SIET. Once .he reasons for the Teakage are
determined, design fixes will be evaluated. As a result, GE has been
reluctant to discuss this issue until the investigations have been completed.

We did learn that both HXs were hydrostatically tested after initial
installation in the PANTHERS facility and were found to be leak-tight. In
response to a question, we were also told that a formal non-conformance report
had not been issued regarding the HX leaks, although the leakage would appear
to constitute a non-conformance with respect to the zero-leakage performance
criterion established for these components.

r Plant r

| participated in a meeting with representatives from NV Gemeenschappelijke
Kernenergiecentrale Nederland (GKN), the utility that operates Dodewaard; the
Dutch Nuclear Safety (regulatory) Department (KFD); and the Delft University
of Technology (TUD). The meeting was arranged by Mr. George Vayssier, of the
KFD, at my request, after GE declined to participate. The main purpose of the
meeting was to discuss experiments performed in Dodewaard to investigate
issues related to natural circulation BWR stability. GKN performed the
experiments and is publishing the data in reports. Or. T. H. J. J. van der
Hagen, of TUD, is involved with the preparation of the reports, as well as
with the evaluation of the test data. He attended the meeting and gave a
presentation on his analysis of the data. Other participants included Mr.
Karuza and Mr. Nissen of GKN, and Mr. Hoekstra, the Dodewaard plant manager.

I had also requested that Mr. Vayssier extend invitations to the meeting to
KEMA, an engineering consulting company that works with GKN, and ECN, the
Dutch "national laboratory" for energy research, which has worked with GE on
SBWR-related analysis; however, neither of those crganizations participated in
the meeting. This was my second tri, to Dodewaard; I first visited the plant
in 1993, as a member of a group led bv then-NRR Director Dr. Thomas Murley.

Issues related to plant stability were among the topics discussed during the
first visit, but the test program was not covered in detail. Before I left on
this trip, 1 met with members of the Reactor Systems Branch BWR Systems
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Section and DSSA Analytical Support Group to discuss issues concerning
stability that I should cover in the Doc waard meeting.

I began the meeting with a short, informal discussion of the NRC's activities
related to design certification of the passive designs; 1 also relayed the
news of GE’s decision, made public in early March, to withdraw the SBWR 670
MWe design from the design certification process. We then proceeded to a
lengthy discussion and presentations on the Dodewaard stability ciperiments.
GE cites, in the TAPD, data taken during a Dodewaard startup in February 1992

to support claims that the SBWR would be stable during startup. However,
during our review of the TAPD, we became aware of additional experiments that
had been performed during startup of the plant in 1994, in which some
oscillations, referred to as "resonances" had been observed at very low power
and Tow pressure. Just before departing for the trip, I was also sent a brief
report un recently-acquired data from a L:st during a plant shutdown, at
higher pressures and powers, which culminated in a unstable oscillations and a
plant scram due to high neutron flux.

Dodewaard is a small (approximately €60 MWe) natural circulation BWR, which has
been in commercial operation since the beginning of 1969. It is essentially a
"twin" of the Humboldt Bay plant in the U.S., which was shut down about 20
years ago. The concept is basically the same as the SBWR, but the plant
differs considerably in design from th» SEWR. Dodewaard employs active safety
systems, rather than the passive SBWR . stems, and the primary system design
details are different as well: the core iz sherter, and the fuel pins are
larger and more widely spaced than in the SBWR. The chimney is also shorter
than the SBWR, and--perhaps most distinctive--Dodewaard uses free surface
separation (no hardware), in contrast to the separator/dryer components in the
SBWR. The differences in core design and the approach to steam separation
both have an effect on reactor stability, as will be discussed further below.
Of particular note is the fact that Dodewaard employs a stability monitoring
system, with a meter in the control room. The meter displays the decay ratio,
based on a 16-second moving average of instrument data. Dodewaard operational
limits are based on the decay ratio as calculated by this system; the "action
value" for decay ratio is 0.6.

The first presentation was given by Mr. Nissen, of GKN. He explained that,
from the beginning, Dodewaard has been employed as a test facility as well as
a power production facility. Testing has been conducted over the entire 27+
years that the plant has been in operation. However, the testing that was
done early in the plant’s life was apparently not done according to any real
"plan.” In 1990, however, a decision was made to cover issues by testing in a
more "systematic" manner, with more care taken in defining test conditions,
standardizing the experimental and analytical tools, and cval ating
experimental uncertainties. The general purposes of the tests are (1) to
allow better understanding of plant stability characteristics, and (2) to
determine if there are, in fact, stability concerns requiring action. The
data are used for a variety of purposes, including in-house development and
improvement of safety analysis; improved ‘uel management, and simulator
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development. The data are a.so used by organizations that work with GKN, such
as KEMA and ECN, for code develnpment an. validation. For example, ECN uses
the RELAP code for Dodewaard calculations. Further, in 1992 Dodewaard was
required to go through a relicensing process due to legal problems with a
previous licensing procedure. Data from the plant tests were used to support
the relicensing effort, which has recently been completed successfully.
Associated with that effort, the plant has been undergoing--and will continue
to implement--a series of modifications and upgrades to plant and safety
systems, which will extend through 1997.

A very important aspect of the test program is that GKN does not consider the
data to be "proprietary,” and is committed to getting the data reports into
the public domain “for anyone who wants to use it." (Note: the data reports
do not include any substantial analysis or evaluation.) To date, six reports
have been completed and five are either available or in the final stages of
publication. The reports cover tests unuer the following conditions: normal
operation; transients; startups; shutdowns; and different temperatures and
pressures,

Mr. Nissen reviewed the normal startup procedure used at Dodewaard. This was
also covered during our meeting in 1993. Dodewaard starts up over a period of
about 2-3 days. The initial part of the procedure, which includes first
heating to saturation temperature at atmospheric pressure, increasing power
slowly to about 1%, then gradually increasing pressure to operating levels and
power to about 30% in approximately 7 hours, is followed to ensure remaining
within thermal-hydraulically stable conditions. After the power has been
raised to about 70-80%, the rate of power increase is also reduced, due to
limitations resulting from pellet-clad interactions. Over the course of the
startup, data are taken approximately every two hours. The instrumentation
used is that normally available in the plant: basic instrumentation recorded
by the plant data logger; self-powered neutron detectors; and thermocouples in
tne downcomer. The stability monitor is used to determine decay ratio during
the tests. Particular attention is also paid to noise measurements using
neutron detectors.

Startup data has been acquired over a range of conditions, from atmospheric
pressure to normal operating conditions. In general, the plant has
demonstrated excellent stability over the entire range of test conditions; Mr.
Nissen indicated that there were times when the decay ratio was so low
(indicative of highly stabie conditions) that it was difficult to get a
reading from the stability meter. The tests also have shown that
recirculation flow is established very rapidly in Dodewaard, contributing to
plant stability, with measurable downcomer flow at about 5 bars (approximately
73 psi) and substantial in-core velocities (estimated at 0.7 m/s, or about 2.3
ft/s) at a pressure of 10 bars (about 145 psi). Additional tests are
currently being planned, with the objective of acquiring data at less stable
conditions. Two means for accomplishing this are to try to "induce" less
stable conditions by operating at increased power at lower temperature, and by
taking additional data at low pressures and low powers, under conditions where
the plant may actually be in a region of reduced stability. This will be
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explained further below. It is not clear when these tests may be done; the
modifications now underway on the plant may require periods of plant shutdown
or extension of planned shutdowns, and could thereby impact the schedule for
additional tests.

After Mr. Nissen's presentation, Dr. van der Hagen gave a presentation about
the startup tests conducted in 1994. He began by discussing the
characteristics of oscillations in BWR systems and the specific features of
Dodewaard that bear upon its stability. Type I oscillations are those that
occur due to thermal-hydraulic factors alone. while Type II oscillations
involve both thermal-hydraulics and neutrcnics. Both types of oscillations
are affected by core design parameters, including pin spacing and diameter.
Dodewaard’s open core design (wide spacing) tends to promote stability. In
addition, the large fuel pins in the plant tend to respond slowly to changing
conditions (long time constant), and have a damping effect on oscillations.
Another aspect of Dodewaard that affect. stability, in a more complex fashion,
is its dependence on free-surface separation. The lack of steam separation
hardware means that Dodewaard loses a significant fraction of its steam
production--about 20%--to "carryunder," wherein the steam is entrained in the
fluid that flows back to the downcomer. This also adds energy to the
downcomer fluid as the voids collapse, and affects downcomer subcooling, which
in turn can affect stability.

The 1994 startup tests were conducted under low-pressure (about 2-5 bars),
low-power (about 5%) conditions. Rather than going through a normal startup,
in which this power/pressure region would be traversed relatively quickly, the
plant was held at these conditions, and pressure and power were changed
slightly to see if oscillations could be induced. When oscillations were
observed, the system was either in single phase flow or in low-quality two-
phase flow. Flow behavior, and associated stability characteristics, was
derived by analysis of neutron noise measurements. Several different
oscillations were discovered when the noise signals were analyzed. At the
lowest power, a "low-grade" oscillation with a period of about two minutes was
observed, corresponding to the time it takes the coolant to make a full
circuit of the system (reactor to turbine and back to the reactor). As the
power was raised, the period of the oscillations became shorter, indicating a
change in character. At the highest power, and at a oressure of 4.5 bars, an
undamped "1imit cycle" oscillation was observed, with an amplitude of about 6%
peak-to-peak. The period of this oscillation corr~-ponded approximately to
the time it takes the coolant to flow through the <ure and the chimney, and
the characteristics of the oscillation are similar in some respects to
"classic" density waves. These are considered to be Type I oscillations, witn
essentially no neutronic feedback.

I asked whether these types of oscillations would be seen during a "normal"
startup, and whether there was any safety concern. GKN incicated that the
plant operators were trained about stability, and about what to do if these
types of oscillations were observed; the immediate remedy would be to raise
the power, which stabilizes Type I oscillations. GKN also clearly stated that
these types of oscillations would likely not be seen during a normal startup,
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but that if they were, there was no safety concern due to the low power and
quality, the small amplitude, and the apparently self-limiting character of
the oscillations. The simple analysis that Dr. van der Hagen presented of
this type of oscillation indicates that there is a very small region as the
system goes from single-phase to two-phase conditions in which the decay ratio
is always greater than unity, indicating an unstable condition. However, the
region is so narrow, and the normal "traverse" of the region is so rapid in a
normal startup, that sustained instabilities never have the chance to develop.

Following this presentation, we discussed the most recent tests, conducted
during a planned reactor shutdown. The plant was held at reduced pressures,
33 bars and &5 bars (normal operating pressure is about 70 bars), and around
70-80% power, to see whether instabilities would develop. These tests were
reviewed by the KFD, based on pre-test calculations provided by GKN. The
stability meter was used to monitor the decay ratio of the system; the maximum
decay ratio predicted was about 0.8. At a pressure of 33 bars and a power of
140 MWt (about 80%), the stability meter indicated a decay ratio of about 0.8-
0.85. Plant personnel were attempting to take measurements when a system-wide
oscillation occurred which increased in amplitude (indicating a decay ratio
greater than 1), and ultimately caused the reactor to scram on high neutron
flux (about 115%). The reasons for the growing instability are unclear, but
they may have been triggered by a power change earlier in the test.

At this time, GKN, KFD, and TUD are evaluating the test, and trying to
understand why the system behaved as it did. The data taken before the scram
shows several periods where the plant appeared to be growing more unstabie,
with oscillations of increasing amplitude; however, these oscillations then
decreased before reaching the scram setpoint. It appears that the system’s
decay ratio was fluctuating during these periods, but with a 16-second
averaging time for the stability meter, these fluctuations may not have been
detected. Dr. van der Hagen also stated that above a decay vatio of about
0.6, ‘t may not be "useful” to think in terms of decay ratio. He believes
that small perturbations in system conditions may cause the decay ratio, at
values greater than about 0.6, to change very rapidly, potentially increasing
above unity (unstable system). In add‘tion, Dr. van der hagen stated that the
algorithm used for the Dodewaard stability meter is based on linear stability
analysis, but that at high decay ratios, non-linear effects may begin to play
a significant role in system behavior, which would affect the capability of
the meter to reflect accurately the system’s condition. It was clear that at
this point, there is still not a good understanding of the reasons for the
plant’s behavior up to the time of the last cycle of oscillations, and
analysis of the data is continuing.

One item that came up in discussion of these tests was that Dodewaard
apparently does not have any requirencnts in the plant technical
specifications that prevent operation under the conditions immediately prior
to the time at which the unstable oscillations occurred. Originally,
Dodewaard’'s cperational limits were based on a maximum allowable outlet void
fraction of 70%. This value was based on stability concerns, but was
characterized as a "best guess," conservative value provided by GE. When the
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stability monitoring system was installed, this limit was replaced by one
based on the indications of the stabilit, meter (decay ratio less than 0.6),
and operation at void fractions above 70% was permitted. Just before the
system went "unstable," the indicated decay ratio was less than 0.6,
fulfilling plant requirements; however, as discussed above, small
perturbations in the plant’s condition apparently drove the system rapidly to
a decay ratio greater than unity. While it is clear that the plant would
never be operated at this combination of reduced pressure and relatively high
power under normal situations, both ¢KN and KFD have expressed some concern
about the lack of explicit guidance preventing operation near conditions that
could become unstable, and GKN is considering estabiishing additional controls
on plant operation to provide such guidance.

I also asked about the application of Dodewaard resuit to the SBWR. Dr. van
der Hagen did not want to speculate too much on the stability behavior of the
SBWR, bu. he did state that the SBWR desi,i was sufficiently different in
several respects that its stability characteristics could be somewhat
different from Dodewaard’s. Factors affecting these differences include:
small fuel pin diameter; longer core length; closer pin-to-pin spacing;
overall core size (small cores are tightly coupled, larger cores are less so0);
chimney length; and, as noted previously, use of steam separation hardware in
the SBWR versus free surface separation in Dodewaard.

A report including data from this test is scheduled for publication in
approximately two months. In addition, while Dodewaard does not include data
assessment in those reports, I was told that an internal report evaluating
some of these tests has been published. While it exists in Dutch only at this
time, Mr. Vayssier agreed to see if it could be translated and provided to the
NRC. Furthermore, Mr. Vayssier will transmit to the NRC all data reports
related to the Dodewaard tests that have been published to date.

Or. van der Hagen, GKN, and KEMA have published several papers related to the
stability testing and the Dodewaard stability monitoring system in
international thermal-hydraulics conferences (e.g., NURETH-7, in Saratoga
Springs, September 1995) and technical journals (e.g., Nuclear Technology).
As previously noted, none of the testing is considered by GKN to be
proprietary, and there appears to be a continued commitment to publishing
pertinent open-literature papers.

I also raised a question regarding operation of the stability meter based on
information we received during the 1993 visit. During that meeting, I had
noted that, during startup, Dodewaard does not bring the stability meter on-
Tine until the reactor reaches about 70% power, and that the reason for this
was that the meter was not accurate below those powers. | learned in this
meeting that that was not correct: in fact, the stability mets~ is accurate at
any power level and was used during the low power testing to estimate the
system decay ratio. The limiting criterion for accuracy of the meter is that
the system is essentially stationary; i.e., no control rod movement and no
rapid changes in neutron flux shape. During startup, at low powers, control
rod withdrawal creates changes in the neutron flux profile, which would be
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read as indicators of instability by the meter. By the time the power reaches
70% the control rods are in position such that they will not interfere with
the stability meter. If the system is at low power, and it is being
maintained in an approximately stationary state, the stability meter can be
used with acceptable accuracy.

One othcr issue aside from Dodewaard stability arose in our discussions.
During lunch, Mr. Vayssier engaged me in a conversation about the U.S.
approach to dealing with accidents beyond design basis, in part because I had
mentioned the issue of regulatory treatment of non-safety systems (RTNSS) in
the context of the passive plant design certification reviews. This is a
topic of current discussion between the Dutch nuclear utilities and the KFD.
To ensure availability of non-safety systems to respond to potential BOBAs .
the regulatory authority is considering the impesition of some type of
technical specifications or similar rea‘irements on those systems. The Dutch
utilities are resisting this approach, ai. negotiations are apparently ongoing
between the parties. [ explained that, for operating plants, our accident
management approach was not to require technical specifications for non-safety
systems, but that, in the NRC’s view, existing regulations, such as the
maintenance rule, plus other initiatives undertaken as part of the Accident
Management program, provided sufficieni assurance that non-safety systems
would be available to respond to BDBAs. Mr. Vayssier requested that I send
him some information on the U.S. Accident Management program, and I told him
that | would follow up on his request when [ returned to the U.S.

Overall, I found the visit to Dodewaard to be extremely valuable. The NRC
will be receiving the data reports from the stability testing at Dodewaard,
and will have direct access to a substantial database on natural circuletion
BWR stability. The discussions that we had were frank, open, and informative,
and Dodewaard and TUD seem genuinely committed to performing these tests and
getting the information into the public domain. While the KFD is somewhat
concerned about testing that takes the plant into conditions requiring
shutdown (such as the unstable oscillations resulting in scram), and may
require adjustment of safety system setpoints for future tests, Mr. Vayssier
was also clearly supportive of publication of this information.

Qther Observations and Concluding Remarks

I believe that all of the objectives of this trip were accomplished: we
completed the QA inspection of the PANDA program and discussed the technical
aspects of the program with GE and PSI; we learned about Ansaldo’s QA program
and its interface activities with the U.S. vendors on the passive reactor
testing programs; and I received a detailed explanation on the extensive
sta?;lity-related testing at Dodewaard, the only facility of its kind in the
world.

In light of GE's recent decision on the SBWR, it is unclear what the future of
test facilities 1ike PANDA and PANTHERS will be. Although they are not GE
facilities, and were in fact funded and operated largely by GE's international
associates, it remains to be seen how they will be utilized without SBWR
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ABSTRACT

The PANDA test facility at PS] in Switzerland is used 1o study
the long-termi Simplified Boiling Water Reactor (SBWR) Passive
Containment Coobing System (PCCS) performance. The PANDA
tests demonstrave performance on a larger scale than previous tests
and examine the ' =¢ts ¢ any non-uniform spaual distnbutions of
steam and non-comus.  _.es in the system. The PANDA facility has a
{11 vertical scale, and 1:25 “system” scale (volume, power, etc.)
Steady-state PCCS condenser performance tests and extensive facility
characienzation tests have been completed. Transient sysiem behav-
1or tests were conducted late in 1995; results from the first three
transient tests (M3 serizs) are reviewed. The first PANDA tests
showed that the overall global behavior of the SBWR containment
was globally repeatable and very favorable, the system exhibited
great “robusiness.”

1 INTRODUCTION: THE SEWR AND PANDA
This paper describes the first experiments conducted at the
je-scale PANDA test facility, within the framework of the /LPHA
project conducted at the Paul Scherrer Institute (PSI) in Switzerland
(Coddington et al., 1992). The goal of the ALPHA project is the ex-
perimental and analytical investigation of the long-term decay heat
removal from the containment of the next gencration of “passive”
ALWRs; the effects of aerosols on containment perfarmance are also
considered. The ALPHA project and the PANDA experiments have
been, 50 far, mainly directed 1o the investigation of the General Elec-
in¢ (GE) Simplified Boiling Water Reactor (SBWR) Passive Con-
ainment Cooling System (PCCS).
The SBWR usgs gravity or natural circulation-driven, passive
safety sysiems to provide emergency core coolant in case of a break in
the primary system, 1o keep the core cooled and to remove decay heat

*main affiliadon. Swiss Federal Inst. of Technology (ETH),
ETH Zentrum. / CLT . _H-8092 Zurich

from hoth the pnmary sysiem and/or tne containment (Upton et al .
1993). The main systems performing these tasks are the Gravity-
Dnven Cooling Systern (GDCS), the Isolation Condenser System
(ICS). and the Passive Containment Cooling System (PCCS), Fig. |

Emergency core cooling water is provided to the core by the
GDCS. This system consists of three water pools situated above the
top of the core. from which makeup coolant can flow by gra ity to
replenish the coolant lost from the Reactor Pressure Vessel (RPV)
However, the GDCS can operate only afier depressunization of the
RPV; therefore, the SBWR is equipped with an Automatic Depres-
sunzation System (ADS) that performs this funcuon. The depressur:-
2ation of BWR pnmary systems 1s well understood, since it has been
studied extensively in relation (o the classical BWR designs.

Decay heat removal from the pnmary system while it is intact or
under high pressure is performed by the ICS. The ICS consists of
three Isnlation Condensers (IC) located in a pool on top of the reactor
building. When redundant condensate return valves are opened, the
water contained in the IC condenser tubes drains and stes™ from the
pnmary system flows into the tubes, condenses, and returns 10 the
RPV, removin~ <tored energy. The behavior of the ICS is also well
understood, since such units have been tn operation for many years in
older BWRs.

Decay heat is removed from the drywell (DW) by the PCCS,
which employs three PCC condensers, also located in interconnected
PCCS pool compartments on top of the reactor building. The PCC
condenser tubes are permanently connected to the DW. A mixture of
steam and noncondensable gases (nitrogen present in the containment
during normai operation) may enter the PCC condensers. The steam
will condense, while the noncondensable gases must be vented 1©
assure proper operation of the condensers. This is accomplished by
conveying and venting the noncondensable gases into the suppression
pool (SP) in the Suppression Chamber (SC) (or Wetwell). Since the
DW volume is connected directly 10 the SP either via the main pres-
sure suppression vents or through the PCC condensers and their vent
lines, the path that the steam will foliow depends on the pressure
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Fig. 1 Schematic illustration of the SBWR and of the PANDA facility (at the same scale)

differences between the DW volume and the two possible venting
points. During the long-term containment cooling period, direct
opening of the main vents and condensaton of the steam in the SP
must be 2voided, since the SP 15 not provided with a safety-grade
cooling system; the steam must be condensed in the PCC (or IC) con-
‘ensers and any noncondensables vented to the SC. Although he

cation of the condensers 1s underston .. :xperimental venfication
ot their integral, system behavior under a vanety of conditions was
deemed necessary. There are vacuum breakers installed between the
DW and the SC in the SBWR their function s to open and io equal
ize the pressures in these two containment compartments when the
DW pressure falls below the SC pressure. The effects of their opera-
tion are also further investigated

Two experimental facilities are being used for venfving integral

SBWR containment performance. The GIRAFFE facility, operated by
Toshiba in Japan (Yokobon et al., 1991), provided extensive infor-
mation about system behavior. The larger-scale PANDA facility, is
providing additional information by addressing issues such as the
effects of the operation of s#veral condenser units in parallel, the
distnbution of the constituents (steam and noncondensables) in the
large DW volume, and mixing in the containment compartments

The accident scenanos investigated in PANDA relate 0 the
long-term cooling phase of the SBWR, beginning when the RPV
nventory starts becoming replenished by the condensate flowing
down from the 1CS and PCCS. At about the same time, the ICS and
PCCS condensers become the dominant decay heat removal mecha-
nism, replacing the heat sink provided by the water inventory iitially
stored in the GDCS pools.

PANDA is a large-scale integral-test facility, specifically de-
signed and constructed for the needs of the ALPHA project. It is
presently configured to represent at a 1.25 scale the containment of
the SBWR. The tests described here were initially expected to bring
only confirmatory information for the certification of the SBWR by
the United States Nuclear Regulatory Commssion (US NRC). Recent
developments have made the first series of expenments 1o be con-
ducted in PANDA a required expenmental element in the certifica-
ton process: thus, the tests are now performed according to the NQA-
| Quality Assurance procedure.

The SBWR confirmatory research and later the certification ef-
fort are conducted in collaboration with a large international team
The closest PSI partners in this team have been the Elecince Power
Research Institute (EPRI), the General Electric Company (GE) and
the University of California-Berkeley (UCB) in the US, the Net!
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¢ Single-tybe condersation gxperiments at LCB et &
Schrock. ! 91 Kuhn et al 1998 and ot MIT (Si3613ue ¢ |
1993,

* The smaller scale (1:400) integral test (aelity CIRAFF. op-
eraied by Toshiba Yokobors et al., 1991},

* The full-scale PCCS concenser gualificaton PANTHERS ex-
peniments performed by SIET in ftaly (Bowt et ul , 1994)

Tests in the PANDA facility staricd at the beginning of 1995
(Varadi et al.. 1995)  The first tests were steady-state PCCS con-
denser performance tests, as counterpart (ests o those conducted at
the PANTHERS and GIRAFFE factlines Extensive facility charac-
terization tests were completed in July 1995 the facility leak rates,
heat losses, as well as the pressure-drop-flow.rate characteristics of
the vanocus lines were obtained These are needed for ‘S accurate

uription of the facility in computations. The first three wansient
sysiem oehavior .ests wers conducted 1n Ociober 1993 and the (2.
maining sen¢s uf cansient tests intended for SBWR ceri. cane
w=re completed at the end of 1995,

In addition 10 the large-scale PANDA tests, small-scale expen-
ments and numerous aralyses were conducted at PSI (o better under
stand basic phenomena and SBWR system behavior, to provide pra-
liminary data for the development of computational modals, are.

2 THE PANDA LARGE-SCALE FACILITY

The PANDA general expenimental philosophy, facility design,
scaling, and measurement concepts are described by Coddington ot
al. (1992). Duning the early project definition period. it was decided
1o butid a large-scale facility capable of simulating SBWR behayior
dunng the long-term (or PCCS-cooling) phase of the postulated Loss-
of-Coolant Accident (LOCA). The tests cover the LOCA phase that
starts typically ane hour after scram. They are intended to mvestigate
mainly any three-dimensional efiects that may be present dunng this
phase. Thus, in relation to the SBWR certification effort. the PANDA
iransient test objectives are o demonstrate that:

¢ Containment performance is similar in a larger-scale, muly-
dimensional system to that previously demonstrated with ths
smaller-scale GIRAFFE tests,

® Any non-uniform distnbutions i the containment do » 1 cra-
ate sigmificant adverse effects

¢ There are no adverse effects assoviated with multi-uni PCCS
aperation and interactions with other reacior systems.

The tests also extend the data base available for code qualifica-
ton in general and, in parncular. serve to further validate the system
code TRACG (Andersen et al.. 1993).

2.1 Conceptual Design
It is neither possible nor desirable to preserve exact geometri al
similanty between the SBWR containment volumes and (.. experi.
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windimennanal ¢ontammani phenomend such Ay muxing of faiys
ard noacondensariss and natura! circulitie befwsen corss.
2715 may depend on the particular geomeirs of the containrent
rlding. Ansy aviempt 10 raproducd e complex geometry of the
SBWR 2 ihe PANDA faciity would have been futtle: the warieus
phenomena taking place 14 the conthinmant are complex and simpls
Gnear geometnic scaiing would r..¢ rather produced serous scalin g
digtprtions.

The sarious containment voiumes were instead represenied
interconnecied simple cylindncal vessels. The general philosophs
follewed in desigming the expenmental facility was to allow &y
multidimensional effects 1o take place by dividing the main contain-
ment compartments (Drywell and Suppression Chamber) in 1as 10
allow for spatial distnbution effects to manifest themselves. A vaness
of well-controlled boundary conditions (e 2., imbalances) can be im-
pased during the expenments, to study the vanous phenomena undar
well-gstablished conditions, and in certaun cases establish an enve.
lope for the behavior of the system. Carefully conducted “parametric”
or sensiivity expenments can also prowvide more valuable data {or
code qualification, than attempts 1o simulate geometncally, but to 1
necessarily limited degree, the rather complex reactor sysiem
Boundary conditions and the interconnections between contanment

umes and their behavior can be controlled to study vanous sysiem
scenarios and altemative accident paths.

Following this general philosophy, the SBWR Reactor Pressuse
Vessel (RPV) and the Gravity-Dnven Cooling System (GDCS 1 pocls
are represented each by one vessel. The Drywell (DW) and Suppres-
son Chambaer (SC or Wetweil) are represented both by o sépasae,
imerconnected vessels (Figs, | and 2). The RPV contains a 1.3 MW
slectrical heat source. The electric “core™ geomewy and the hey' rod
dimensions are not intanded to maich those of the SBWR reacior
core; they merely provide the necessary amount of heat to the RPY.
The RPV internais (chimney height, etc,) also resemble those of the
SBWR. The parameters of importance for global system behavior,
namely, the RPY water inventory and waier level are accurately
scaled,

There is a total of three PCCS condensers representing the cor-
responding three units in the SBWR and a single ICS condenser rep-
resenting two of the three comesponding SBWR units. (The two
SBWR ICS condenser units correspond to the 2x50 % design value of
the cooling capacity; the third ICS condenser is an extra 50 % redun-
dant umt.) The condensers are connecied 1o the two DW vessels, as
shown in F 5. 2, The fact that there are three PCC units and only o
DW volumes allows some degree of asymmetric behavior or creatss
flows between the two DWs, even with egual flow areas from tha
RPV 10 the twe DW volumes,

There are two vacuum breakers connecting the two DWs to the
two SCs in PANDA. The operation of the actual vacuum breakers of
the SBWR 5 simulated in PANDA by the contolled opening of
valves; these are opened and closed by the facility control system
when the measured differential pressure signal betwesn the DWs and
SCs exceeds an upper and a lower limit, respecuvely) Figure 2
shows some of the detmls of the piping interconnecting the vanous
volumes,
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Fig.2 Piping connections and process lines of the PANDA
facility

2.2 Scaling of the PANDA Facility

In relation to scaling, both "top-down” and "bottom-up” Zuber,
1991) scaling considerations and cnitenia were developed. Cuneral,
“tap-down.” scaling criteria are derived by considering the processes
conirolling the state of classes of containment sub-sysiems (eg,
containment volumes, pipes, etc.) (Yadigaroglu, 1996). Close exami-
nauon of specific phenomena or system components (¢ g., thermal
plumes, vents, etc.) leads to "bottom-up” scaling rules,

Rigorous scaling studies (Yadigaroglu, 1994, Gamble et al,
1995) descnbe the scaling rationale and scaling details of the
PANDA fatility. Addinonal work (Coddington and Andreani, 1995,
Andreani and Tokuhiro, 1995) covers certain particular aspects of
scaling,

Protammical flunds snder prototypical thermodynamio conditions
sre used in PANDA; the nitrogen filling ininally the contafment
however, replaced by air - the difference is of no importance. The fact
that the fluids are expecied 1o be in simular thermodynamic states and
A the stalctipe and the model simpiifies

BAve sImmilae Composs

ity €€ the fugiiny

The top-down scaling study confirmed the validity of the
(famifiar) sealing of all the following vanables with the “systzm
scale,” R

rowerig = (volumelx = (harszontal area tn volumela
= (mass (low ratelp = (heat transfer areasiz= R

where the subscript R denotes the ratio between the corresponding
scales of prototype and model. For PANDA, R = 25, The PANDA
core power can be programmed to automat.cally follow a decay heat
curve

i the BWRs, and particularly during the PCCS-conling phase of
the LOCA considered here, the imponant pressure drops and the
corresponding junction flows are controlled by the submergence
depth of vents in the Pressure Suppression Pool or by hydrostatc
pressure differences between interconnected hiquid volumes (e 2., the
RPV and GDCS pool liquid spaces). The analyses of these processes
Justify the choice of

111 scaling for pressure differences. elevations, leseis,
submergence depths and time.

This scaling rule derermines the pipe diamelers, iengths, and hydrau-
lic resistances, and indirectly dictates the transit times beiween vol-
umes. These transit imes should. in principle, have the same

time scale as the time constants controlling the filling or pressunza
ton rates of sysiem volumes. This matching cannol be perfect But
the distortion is shown 1o be negligible, since the transit times are
much shorter than the volume filling or pressurization times

For the types of transients taking place in the SBWR, the aver:
age pressure drops between containment volumes are not expected (o
be dominated by inertial effects (very rapid changes in flow rates).
Thus, the inertial characteristics of the piping (i.e., the lengths of
piping and the velocities in these pipes), do not have to be scaled
exactly. Usually (and fortunately), the total pressure drops in the
siping are dominated by local losses, 5o that the totai pressure drops
in the scaled facilities and in the prototype can be matched by iniro-
ducing adequate local onfice losses.
Close ~imination of the specific phenomena governing the op-

eration of certain system components (e.g.. vents immersed in the
Pressure Suppression Pool of the SBWR) led 10 "bottom-up” scaling
rules. Bowom-up scaling (Yadigaroglu, 1994; Gamble et al., 1995)
was applied for phenomena and facility components that were se-
lected as being of particular importance by a Phenomena Idenufica-
1ion and Ranking Table (PIRT) exercise. These include the scaling of
thermal plumes, mixing and stratification phenomena in the Pressure
Suppression Pool, as well as in the Drywell voiume, of heat and mass
transfers at liguid-gas interfaces, of the heat capacity of contunment
structures, etc Of particular imponance is also the scaling of the
various vents discharging mixtures of steam and noncondensable
gases into the Pressure Suppression Pool. Ths importance of heat
josses was considered in detail and the facility was very heavily insu-
lated to minimize losses. The facility heat losses have been carefully
measured, as discussed in Section 4.



Congensauon in the presence of noncondensables msige o

PCCS ans ICS condensers tubes 1s perfectly scaled since thy PA®
condenser “ubes have prototypical dimensions and sre epecie
wark under prototypical conditons. Heat tr.asfer on the second.=
Fool side may be affecied by natural circulanion ia the pool. Althouga
the PANDA PCCS and ICS pools hase smaller scaled surface sress
than the SBWR pools. water can be added duning the exp-rmen:
a conirolied manner (o compensate for the smaller wat. oen:
other strategies for conducting the experimants are also possible. For
example; dunng certain tests the sistem reaches virtwally a sieady
state and changes are only driven by the decay of the core poaer
Under such conditions. the tests can be “accelerated” by scceleratrg
the reduction of core power,

3 INSTRUMENTATION AND DATA ACQUISITION

The facility is heavily instrumented with some 600 sensors for
iemperature, pressure, pressure difference. level or voud fraction,
flow rate, gas (oxygen or air) concentration, electrical power, valve
position, and presence-of-phase measurements.

A very large number of thermacouples me.sure no. only fluid

nperatures, but also vessel and pipe wall terperatures; these are
«sed to obtain accurate heat balances and to estimate the he '~ -ses
from the v 1~ous (acility components.

The Jaia acquisition sysiem can sample and store all i1, irumen
tation channel readings continuously with a frequency of 0.8 Mz and
for short periods of time with a “burst” frequency of § Hz. The facility
15 operated and controlied remotely and interactively by a computer-
sereen-based system,

4 PRELIMINARY SERIES OF TESTS

The very first senes of PANDA experiments conducted at the
beginning of 1995 were steady-state PCCS condenser performance
lesis, a8 counterpart tests (o certwin tests conducted at the
PANTHERS and GIRAFFE facilities (Varadi et al,, 1995). In this
first sertes of tests, the effect of noncondensables on condenser per-
formance was investigated. Thus. the tests were conducted mostly at
constant steam flow rate and variable noncondensable mass fraction.

Figure 3 shows the condenser efficiency, defined as the fraction
of inlet steam condensed, as a function of the noncondensable mass
fracuon, at the reference sieam flow raie. As expected, the condenser

“ciency diminishes as the noncondensable mass fraction increases.
«we 7 gure contains also blind pre-iest predictions obtained with the
TRACG code. The code used the Vierow and Schrock (199.) corre-
lation for condensauon inside the tubes and the Chen (1963) correla-
tion for heat wansfer from the tube wall to the pool. The trends pre-
dicted by TRACG are in excellent agreement with the expenimental
ones. The TRACG values are quantitatively slightly conservative
(i.e., they tend 1o underpredict condenser performance).

Extensive facility characterization tests were completed 1n July
1995 the facility leak rates, heat losses, as well as the pressure-drop-
flow-rate charactenstics of the various lines were oblained (Varadi et
al,, 1995). These are needed for the accurate descniption of the facil-
iy in computauons. The measured total facility losses met and ex-
ceeded the heat loss critena initially established (o design the facihty:
they did not exceed about 7 % of the expected scaled reactor decay
heat power at 24 hrs after scram (the design target was 10 %). In

G Apimiange Shees
. .
e .
. S
. ‘\ .
3 \\
T gy T ot
2 \
j 2 —
-
4
& ¢ epenment
-
=3 = TRACT taisuiaton
'
4
0 »
:
¢ 1] 10 '8 )

Moncongensasie Gas Mase Frashion e
Fig.3 Steady-state condenser characterization tests:
measured condenser efficiency, as function of non-
condensable mass fraction, compared to TRACG
pretest predictions,

reality, the actual losses during a typical test will be even [ower,
since the SCs wil! be at a iwower temperature,

The remaining facility charactenzation tests (Varadi et al,, 1995
demonstrated that the pressure-drop flow-rate charactenisiics of the
lines matched the ones of the SBWR system.

5 PRECONDITIONING: ESTABLISHMENT OF THE PROPER
INITIAL CONDITIONS FOR THE TESTS

The PANDA facility is equipped with auxiliary air and water
supply systems (or preconditioning the contents of the vanious system
components (Varadi et al, 1995). In particular, the facility 1s
equipped with an auxiliary water system connectable to top and bot-
tom filling ports in all vessels and pools. The system includes cooling
and heating capability; for heating, heat is drawn from the RPV via
an auxiliary water system heat exchanger.

For the M3 senes of tests described here, the following typical
preconditioning procedures were followed. Before test initation, the
vanous containment volumes were isalated, filled with demineralized
water, ....m from the RPV or air, and further heated, ~ necessary.
using heat from the RPVY via the preconditioning-system heat ex-
changer. Air was eliminated, by purging with steam, when necessary.

More specifically, the RPV was first heated to about 170 °C
(corresponding to a saturation pressure of about 7.5 bar) with a suf-
ficiently high water inventory, in anticipation of the heatii. 7 needs (or
the entire facility. The two SCs were then filled with water at the
desired (uniform) initial temperature. The preconditioning was con-
ducted in a way assuring a uniform SC air space temperature; stzam
was injected to heat up the air space. The partial pressure of the
steam in the gas spaces of the two SCs was set by the water empera-
ture. Finally, the required amount of air was injected to adjust the
partial pressure of the air at its specified initial value. The GLCS
vessel was initially empty for the tests discussed hers but at a uni-

form (air space and wall) temperature. This was achieved by steam
heating of ihe structures, and by initially filling the vessel with hot
water and then trans.errir his wa'er to the PCCS pools. The FZCS



and whenever used, also he ICS) pools were simply filley 4
wyter 1o the desired levalis)

For the M1 senes of tests, no water and very 11
quired in the twg DWs. An accurate adjustment of the initial &
gl pressure (n the D'Ws was achieved s followy: the vessels aore
first heated and purged of practically ail aif by sieam gection. !
ever, sume A accumulated during this time n the PCT o densers

Ge aiP War ra-

.

the fower (PCC pool) temperature. This air was of course suil presen
in the condenser 4dbes at test initiatian. The pressure in the DWs was
then recorded and a sufficient amount of air was Injected 1o i rease
the vessel pressure by the amount of the required initial partial pres-
sure of air. This partial air pressure adjustment and medsurement
relies upon the measures ... v @ pressure dyferencz and 15 thereiore
quite accurate,

Just before test initiation all initial conditions were venfied and
further fine-adjusted, if necessary. When the required initial cond:-
tions were reached, vessel connections were opened (o bring the sys-
tem into the tequired configuration. Certain instruments thui had
be isolated during the preconditioning phase were lined up and in-

rument zero checks were condu.ied (e.g.. by physically equahizing
\he pressur . on the two sides of differential pressure transducers)
The status of a'" 5, stem valves was venfied and recordca. Finall:
tests were starteu by opening the Main Steam Line (MSL) valves 14
starting the power transient. Clearly, the last steps of the stajup proe
cedure must be carmed out very rapidly (a few minutes). The length
of the preconditioning phase depends on the state of the facility at the
beginning of the test, and is of the order of a day or two.

Expenence from the first tests has shown that the specified ini-
tal conditions could be matched ven precisely (2 2., for temperatures
within less than = 2 K, for pressures within = 4 kPa, and for lesels
within = 0.1 m or less). The uniformity of lemperature within the
vanous pressure vessels was also excelient (as measured, within less
than | K). The specifed core power decay cunve could be perfectly
and smoothly followed thanks to the actions of the automatic control
system that was programmed (o sequentially activate and conuol the
power (in small steps) of the electne heaters simulating the core,

For the M3 series of tests discussed here, the three PCC con-
densers were connected (o the two NWy (PCC-1 &, DW-1 and PCC-2
and PCC-3 10 DW-2), as show: .1 Fig. 2. The IC condenser was
valved off. The corresponding IC pool was empty for tests M3, and

il of har water for tests M3A and M3IB. The difference between ine
aree M3 senes of tests discussed here is in the way the PCCS and
ICS pools were connected and their water levels maimtained, as Jdis-
cussed below,

6 THE M3 SERIES TRANSIENT SYSTEM BEMAVIOR TESTS

A test matnx for a senes of containment and systems interaction
tests for SBWR centification has been established. The test maina Is
set 10 such a way that the first tests are parametnc vanations around
a base test, *hat is a counterpart test 10 one of the GIRAFFE tests
Thus, any effects of system scale and of non-uniformities in the sys-
em will become apparent.

The first tests discussed here (tests M3, M3A and M3B, referred
10 as the M3 Series) are MSL Break (MSLB) tests. The initial condi-
tions for these tests are the s.ate of the system one hour afler s2ram
during the LOC* at that ime the DW conlains mosily st m and

slmost all the air has been pushed into the 5C. The tasts are sim
2 2 GIRAFFE MSLB test with uniform DW conditions.

The M3 series of tests investigated the effect of the water '
and inventory in the PCC pools on system performance. The PAND A
pouls have 3 scaled crosssectional area sbout three Uimes smaiie
than the SBWR pool arca. Water can be added dunng the tests «
provide the missing water inventory. The pool conditions can, how
ever, he modified by such water makeups 1o the pools. To invastigate
ihese effects. the M3 senes of tests were conducied as (ollows:

o For test M3 the three PCC pools were interconnected an.
there was no water maksup. At the end of test M3, the watei
level in .2 PCC pools had dropped about 0.5 =t beiow the tof
of the tubes.

Test M3A was conducted with the three PCC pools isolated
cold water was added from the boitom fill line (Fig. 1) to each
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pool individually, 10 keesp its nominal werer level
within 2 0.3 m,

* For test M2B, the three pools were inte,connected aa+
water was added simultaneously 1o all three (using e ¢
necting bottom-fili line) 10 keep again the numinal = ater ese!
within2 0.2 m

Ail three "ests were conducted with ideatical inital and fes
decay conditions nd with initially saturated water in the PCC poais

The gradual drop by evaporation of the water level in the poo s
provides a very good measure of the inlegral power evacuated by the
PCC condensers. For test M3A (isolated pools), individual heat bal-
ances on the three PCC unis could be performed. These confirmed
certun findings regarding the non-uniform oreration of the thres
PCC units.

The DW and WW pressures followed very similar global trends
in the three tests. The peak DW pressures reached were very close o
one another. After an (nitial pressure increase peniod that lasted about
two hours, the DW pressure stabilized and varied very little thereaf-
ter, as sho'/n in Figs. 4, 5 and 6 for tests M3, M3A, and M3B, re-
spectively. The dressure increase period corre: ponded roughly (o the

e neaded o practically purge all steam from the DW. Thereafter,
« difference between the DW and WW pressures remained pra~ti.
cally constant (exc ! around vacuum breaker openings). the
ence represented ne submergence depth of the PCC vent in the ¢ »
pool,

Test M3 showed quite uniform behavior of the three PCC units
up to about 25 000 s, as shown in Fig. 4. Then, PCC-2 started sbsors-
ing progressively less steam, while slightly more steam was con-
densed by the other two units (PCC-1 and PCC-3). The reduced per-
formance of PCC-2 could be venified by a number of indicators
(subcooling of the lower part of the PCC-2 pool, strong reduction of
voiling in the PCC-2 pool, vanation of the axial temperature profiles
in the PCC-2 condenser tubes with a movement of the “full conden-
sation boundary” upwards, etc.) and is apparently connected to a
filling up of the PCC-2 condenser tubes with noncondensables uptloa
certain level. No vacuum breaker opening took place in test M3, and
the three PCC units essenually shared the load and condensed the
exact amount of sieam provided by the RPV. Figure 4 shows the
vanation of the DW pressure and o/ the PCC feed flows during this
test,

As noted, the lesser water inventcry in the PANDA pools and
«wsence of wa'er makeup resulted in a non-prototypical, low -
level in the pools: for this reason, testis M3A and M3B were per-

formed. In these two tests the water level in the pools was kept cor-
stant, as already noted. The pools were isolated and filled individu-
ally with cold water during test M3A, as shown in Fig. 5. The cold
waler was introduced from the botom of the pools and apparently
remained at the bottom unuil its level reached the bottom of the con-
denser wbes. This resulted then in m.xing of the pool water and in a
reduction of the pool temperature, a consequent incrzase in the heat
transfer rate and eventually an increase of the condensation rate that
has driven the DW pressure below that of the WW and produced
vacuum breaker openings. After vacuum breaker openings the pres-
sure in the WW dropped slightly also and the oxygen probes installed
in the DW recorded te expected increase in air content. The effect of
vacuum breaker openings did not last long. however, and the DW and
WW pressures increased 1o their pre-vacuum-breaker-opening levels
in less then an hour.
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Fig. 5  Test M3A: Recorded PCCS Pool levels showing the
prucecure followed for maintaining an approximately
constant level (top) and DW and WW pressures show-
ing two clusters of vacuum breaker openings (bottom).

With or without vacuum breaker openings, the DW pressure de-
creased shightly afier refilling of the pools in tests M3A and M3B, as
shown in Figs, 5 and 6. the effect was strongest for later refills, when
the cold water that was injected at the bottom of the pool could rise
“ufficiently and mix with the upper layers of the poal.

Vacuum breaker openings were more frequent dunng test M3A,
where apparently the individual filling of the poals had a swronger
effect, as shown in Fig. 5. Only a single cluster of two vacuum
breaker openings took place late during test M3B, where apparently
the “milder” changes in the pool temperatures produced a lesser ef-
fect. This 1s shown in Fig. 6.

The air content of the DWs incieased momentanly following the
vacuum breaker openings, the condensation rates of the individual
PCC units were affected, but because of the very large margin built



into the syste™, the three FOC units & 3) . managed 10 share
load and (he ior.g-term behavior of the DW pressures was not
facied.

Follo-in¢ 3 trop in DW pressure due to filling up of 3 poal,
when the DW was full wirh simast pure steam. the DW presiir
recovery was slow, singe high rates of § o the POCC.anis
kept the DW pressure low (s snewn foliowang the fest DW pre
drops in Figs.5 and 6) and a long timie was needed 10 partly 2
aga:n the PCC tybes with air. On the contrary, whes there was (. re
ait 1n the DW, the -zcovery of the DW pressure was relatively rapid
{as shown far the later DW pressure drop transients in Figs. S and &)
In this case air present in the DW could accumulate rather rapid » 11
ine PCC tubes and reduce their heat removal capabihity

sdensanon

7 CONCLUSICNS

The first transient M3 Senes of tests were conducied success-
fully in October 1995. Regarding facility design and operation,
these tests demonstraied the following:

s The facility can be operated and controlled very we'll, and
very narrowly deff~=u .~ii.ui st sorditions an. voundary
conditions (initial states of vanous containment voiumes
power i* ~ut. :¢.) can be achieved.

 The pre-conditioning equipment worked very successfull, |
this respect.

» The instrumentation performed with high accuracy and reii-
ability.

Preliminary and necessanily Omued and tentarve findings
concerning the cooling system are: SBWR long-term containment

* The overall giobal behavior af the containment was very fa-
vorable; the system exhibited great “robustness.” The PCCS
units were able to perform their function under all condi-
uons tested so far,

* The tests showed very good repeatability of overall system
behavior (DW and SC pressures) in spite of differences in
the sharing of the condensation load among the three PCC
wndensers and differences in vacuum breaker openings

There are interesung findings regarding the distnbution of
noncondensables and their effects on the PCCS system. Small
~ounts of noncordensables seem to affect the status of the con-
asers operaung in parallel. The giebal operation of the PCCS
system does not, however, seem (o be influenced by such possible
dissymetries and three-dimensional effects, as noted above. This 1y
reassuring since, indeed. PANDA was built 1o investigate such
effects
The data from the M3 test senes are sull being analvzed in
detail and compared to pre- wnd post-test calculations. Definite
conclusions will be obtained afier examination and analysis of all
the data,
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0.2.

SIANAGEMENT'S STATEMENT

The Nuclear Division Management of "ANSALDO un'Azienda Finmeccanics Sp.A."
has defined a Quality Assurance Programme (Q.A.P.), as descr.bed in tnis present
Manual, in order to assure the correct performance of the activities related to design,
construction and start-up of structures, systems and components relevant with regard
to Nuclear Safety and Radiation Protection, and their satisfactory operation.

The requirements of this Manual are also applicable, to the extent required by the
project, for the activities related to the nuclear plants decommissioning and to the
supply of non-nuclear plants or products pertaining to the Nuclear Division (DNU),
Ansaldo Nuclear Division Management has the responsibility for the application of
the QAP. The Q.A. Department Manager has the responsibility of verifying the
efficiency, adequacy and correct implementation of the Q.A. Programme.

The management has also defined .. .asks aad responsibilities of the departments
concerning the application of Q.AF., the methods by which procedures shall be
operated, and the degree of application of each single part of the Programme to be
allocated to the various departments concerned.

In particular, the Quality Assurance Department is charged by the Management with
the Q.AP. definition; in particular the former reports directly to the Nuclear
Division Management, thus assuring the required independence.

It is therefore intended that Q.A. personnel has the responsibility and the autorithy
to identify problems and suggest and follow-up solutions defined within the
organizational framework concerned.

The Nuclear Division Management also sets the information instruments regarding
the qualitative trend of the activities; particularly, the Quality Assurance Department
must inform the Management sistematically about the observance and efficiency of
the QA program.

The Nuclear Division Manager

A

Q.A. MANUAL
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0.3 TABRLE OF COMPARISON BETWEEN QAM AND REGULATION EN29001

/’_—_.‘—_‘\“*-‘-""‘“’ ——

Subjects Title | | Chapter QAM
/ EN 29001 Correspoading chapter
‘A ment’s Responsibilities 4.1 02.-1
{"ﬂ’”L Traniiig Q::Tftﬁystem 42 2.
?\ Lie Goor Contract review 43 26.1
J Venfication of the desig: 44 3.
Verification of the documcntation 4.5 6.
Procureiment 4.6 4.-7.
Products supplied by the customer 4.7 7.7
Identification and traceability of the 48 8.
products
Verification of the production 4.9 9.
process
Tests and inspections 4.10 10. - 11.
Testing and measurement equipment |  4.11. 12,
Status of inspections and tests 4.12 14,
Non-conforming products inspection 4.13 15.
Corrective actions 4.14 16.
Handling, packing, storage and! 4.1§ 13.
delivery
Quality Assurance records 4.16 17.
Quality Assurance internal audits 4.17 18.
Training 418 2.8.
Assistance | 416 {38
Statistics 4.20 (2)
(1) DNU performs assistance and service activities within the contractual limits
and in accordance with the estaolished procedures complying with this QAM.
(2) When necessary, the suitable techniques are detected and regulated by proper
procedures, if needed.
Q.A. MANUAL
s A-M-DNU-001 MANUALE DI G.Q.
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QUALIFIED VENDOR LIST FOR "PCCS 8 ICS” HEAT ECHANGERS (SBWR)
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The American Society of Mechanical Engineers

CERTI#ICATE OF
AUTHORIZATION

his certificate cccredits the nam €0 company as outhorized fo use the indicated

symool of the American Society of Mechanizal Engine zrs (ASMA) for the scope of

activity showr oelow in cccor “nce with the applicable rules of the ASME Boiler
i and Pressure Vessel Coc The use of the code symbol and thelauthority granted
oy this Certificate of Authorization are subject to the provisionsiof the agreement
i set forth in the application. Any construction stamped with this gymbol shall have
. been built strictly in accordance with the provisions of the ASME Boiler and Pressure
Vessel Code

Y
i ANSALDO ENERGIA SPA
STABILIMENTO DI MILANO
VIALE SARCA, 336
20126 MILANG, 1TALY

SCOPE

LASS 1, 2, 3 & CS SHOP ASSEMBLY OF STAMPED COMPONENTS, PARTS,
PPUR’FNANCEJ PIPING SUBASSEMBLIES & COMPONENT JVF%RTF AT THE ABOVE

HAUN lNll
: AUTHORIZED APRII 14, 1995  REVISED: AUGUST 17, 1995
EXPIRES MAKCH §, 1998
CERTIFICATE NUMBER N-2859
;"»‘nﬁx NA

Al | /
|
h»’io"\‘\(',u G ( /U AL C ()

CHAIRMAN OF THE BOILER
AND PRESSURE VESSEL COMMITTEE

UL~ B ey~

DIRECTOR, ACCREDITATION AND CERTIFICATION



CERTIFICATE OF
AUTHORIZATION

This certificate czo . Jits the numed company as authorized 1o use the indicated
symbol of the American Society of Mechanical Engineers (ASME! for the scope of
activity shown below in accorcance with the applicable rules of the ASME Boiler
and Pressure Vessel Coce. T se of the code symbol and the authority granted
oy this Cernficate of Authorization are subject to the previsions of the agreement
set forth in the application. Any construction stamped with this symbol shall have
veen built strictly in accordance with the provisions of the ASME Boiler and Pressure
Vessel Code.

COMPANY
ANSALDO ENERGIA SPA
STABILIMENTO DI MILANO
VIALE SARCA, 336
20126 MILANO, ITALY

CLASS 1, 2, 7 & MC VESSEL PARTS & APPURTENANCES; CLASS 1, 2 & 3 PuMp
PARTS & APPUI ENANCES, COMPONENT SUPPORTS FABRICATION & COMPONENT
SUPPORTS PARTS & PIPING SUBASSEMBLIES; CLASS 2 & 3 STORAGE TANK PARTS &
APPURTENANCES; CLASS CS CORE SUPPORT STRUCTURE PARTS & APPURTENANCES AND
CLASS 1 CONTROL ROD DRIVE HOUSINGS AT THE ABOVE LOCATION ONLY

AUTHORIZED APRIL 14, 1995 REVISED: AUGUST 17, 1995
EXPIRES MARCH 5, 1998

: CERTIFICATE NUMBER N-2860

i SYMBOL NPT

\.‘ | "_‘/: { b
i:..-’\io“ﬂ(ul. ¢ “~-(— : (va-“» MLC U

CHAIRMAN OF THE BOILER
AND PRESSURE VESSEL COMMITTEE

UL~ B oy

DIRECTOR, ACCREDITATION AND CERTIFICATION
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IC/PCC FABRICATION : QUALITY CONTROL
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(2) N-STAMP HOLDER SINCE LATE SIXIIES
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ACTIVITY CONTRACT
e QUALITY
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CERTIFICATE OF
ACCREDITATION

This certificate accredits the named company as having had the adcquacy of their
quality assurance program verified for the scope of activity shown below in ac-
cordance with the applicable rule: »f the Boiler and Pressure Vessel Code of the
American Society of Mechanical Engineers (ASME). This certificate does not include
authorization fo use a code symbol stamp. The accreditation granted by this certificate
s sub; “ct to the provisions of the agreement set forth in the application.

COMPANY
ANSALDO ENERGIA SPA
STABILIMENTO DI MILANO
VIALE SARCA, 336
20126 MIL*4O, [TALY
s PE

NA, CLASS I, 2, 3 & CS INSTALLATION OF COrCONENTS, PARTS,
APPURTENANCES, PIPING SUBASSEMBLIES & COMPONENT SUPPORTS AT
VARIOUS LOCATIONS, SUBJECT TO AUDIT

AVTHORIZED APRIL i4, 1995  7cVISED: AUGUST 17, 1995

MARCH 5, 1998

M

, 'V /D

o Wk (1

A Ot ¢ L ‘v(i,u L C L

CHAIRMAN OF THE BOILER
AND PRESSURE VESSEL COMMITTEE

TIRECTOR, ACCREDITATION AND CERTIFICATION

The American Society of Mechanical Engineers




CERTIFICATE OF
AUTHORIZATION

This certficate accredits the named company as authorizes to use the indicated
symbol of the American Socieiy of Mechanical cngineers (ASME) for the scope of
activity shown below in acco Janze with the applicable rules of the ASME Boiler
and Pressure Vessel Code. The use of the code symbol and the authority granted
by this Certificate of Authorization are subjeci to the provisions of the agreement
set forth in the application. Any construction stamped with this symbol shall have
been bult strictly in accordance with the provisions of the ASME Boiler and Pressure

Vessel Code
COMPANY
ANSALDO ENERGIA SPA
STABILIMENTO DI MILANO
VIALE SARCA, 336
20126 MILANO, [TALY
SCOPE

CLASS 1, 2 & 3 VESSELS & PIPING SYSTEMS; CLASS 2 & 3 STORAGE TANKS;
CLASS €S CORE SUPPORT STRUCTURES AND CLASS 1 CONTROL ROD DRIVE HOUSINGS
AT THE ABOVE LOCATION ONLY

| AUTHORIZED APRIL 14, 1995 PEVISED: AUGUST 17, 1995
EXPIRES MARCH 5, 1998

i CERTIFICATE NUMBER N-2858

i SYMBOL N

AJOV\MLML ‘\( . kf(l-‘“ mLC U
CHAIRMAN OF THE BOILER
AND PRESSURE VESSEL COMMITTEE

ODIRECTOR, ACCREDITATION AND CERTIFICATION
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ATTACHMENT 2

PERSONNEL CONTACTED AT MEETING SITES



(Note:

NRC Representatives:

OG2@ocu™

o

E

Lo

PSI Representatives:

oOX—AOuocC

Persoconel Contacted at Paul Scherrer Institute

. McIntyre

Peralta

. Monninger

Levin

. Kudrick

Scaletti

Representatives:

Torbeck
Wingate
Fitch
Quinn

Dreier
Varadi
Healzer
Yadigaroglu
Bandurski
Huggenberger
Fischer

not all individuals attended al)l meetings.)



Personnel Contacted at Ansaldo

(Note: not all individuals attended all meetings.)

NRC Representatives:

. Mcintyre
Peralta
. Levin

. Scaletti

o>

o

E Representatives:

Billig
Barclay
. Kanobelj

0

Westingliwse Representative:

R. Tupper

Ansaldo Kepresentatives:

Lutini

. Marsano
Buscaglia
Baroni
Pedemonte
. Omnis
Locatelli
Rizzo

o> U>IZIM




GKN Representatives:

W. Nissen
Mr. Hoekstra
Mr. Karuza

KFD Representative:
G. Vayssier

TUD Representative:

T. van der Hagen

Personnel Conta<ted at Dodewaard



Gary M. Holahan -14-

design certification as a focal point. However, it does seem clear that
Ansaldo will continue to be involved with Westinghouse as part of the AP600
program, with possible future testing at VAPORE related to ADS valve
qualification (outside of design certification, but related to FOAKE
activities).

Concerning Dodewaard, since the plant will be undergoing modifications over
the next year or so, related to the extension of its operating license, it is
not clear how much testing will be conducted in the near term. However, in
view of the existing database and the broad expertise in this area that exists
at the plant and at TUD, it appears to be in the NRC’s interest to maintain
contact with GKN, TUD, KFD, and other related organizations, to stay cognizant
on testing and analysis with regard to BWR stability and thermal-hydraulics.
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As stated
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