
April 3, 1996

MEMORANDUM T0: 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,

Netherlards on March 13. The purposes of these three visits were:,

,

PSI: Pr""cipate in quality assurance (QA) inspection and technical
discuss on the PANDA test program, conducted as part of the SBWR ;

design 4 :ification testing program;

Ansaldo: Discuss QA procedures and interfaces between Ansaldo 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 i

three visits. A separate report on the PANDA QA inspection is being prepared I

by the QA inspection team leader; however, some elements of the QA inspection I
are also discussed in this report. The only material received during these j
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
i

each meeting site.
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PANDA 0A Insoection and Technical Discussions at PSI. March 6-8. 1996

On March 6-8, I reviewed material related to design control in the PANDA test
files at PSI as part of the QA inspection on the PANDA program. I also
participated in 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 basis 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 cf the design certification database, and further, that GE

,

recognized the need for implementation of proper QA procedures as part of the '

development of the test program.

Ihere 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 later, at the NRC's
request. j

|

On March 7-8, I 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. I 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 hour
after a main steamline break, and were designed to provide data chiefly on
containment behavior during long-term post-accident cooling.

,

PSI went through a detailed description of each transient test performed in
the facility as part of the SBWR testing program, highlighting important i

!

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 suppression, 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 approximicely 19 'ninutes 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.

All 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 I

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 l

testing needs to be done. The rationale for this position is that a ;

significant number of vacuum breaker actuations were observed in other tests I

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
to fulfill the TAPD objectives.

.

_
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Based on a necessarily superficial evaluation, it appears that the PANDA
program has generated a substantial amouot of valuable data for TRACG
validation related to the SBWR. In addition, based on review of the material
presented and comparison to the GIRAFFE / SIT test that I observed at Toshiba in
October 1995, it appears that PANDA's response is consistent with that

.

|
observed in GIRAFFE (accoanting for the differences in facility configuration '

and break scenario). With the recent decision of GE to withdraw the SBWR from
the design certificaticii process, however, it is not clear that the 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 t , assist in analyzing the test data and understanding the
phenomena that are observed in the experiments. For instancr, the technical
discussions on PANDA were led by Professor Yadigaroglu of PSI. This is in

.

'

contrast to the approach taken by Westin@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.

Meetina 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 Laborato"ies, which was used for automatic depressurization system
testing for the AP600. In addition, Ansaldo performed pre-test calculations,
under contract to Westinghouse, for the AP600 tests performed in the SPES-2
facility at SIET Laboratories. For the SBWR, Ansaldo designed and fabricated
the PCCS and 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 l

Westinghouse to be part of the first-of-a-kind engineering (F0AKE) effort. '

|
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Both Westinghouse and GE committed to implement an NQA-1 QA program for design
certification testing; this commitment e,.cended to contractors and partners.

Ansaldo is a large, multinational company; although it began as a private
company, it now is under state control as pan 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 liquid-metal fast breeder reactor in France, and various VVER

The total staff of thedesigns in Russia and elsewhere in Eastern Europe.
Nuclear Division (which does not include the components fabrication operation)
numbers 212.

As a major industrial company that has been involved in nuclear design and
construction, the Ansaido Nuclear Division has a well-developed QA program and

The Anst.1do QA m3nual was originally developed based on theorganization.
structure of the NQA-1 stand ud, since it predates the development of the
European IS0-9001 QA standard. The QA manual now incorporates elements of
IlQA-1, IAEA 50-C-QA, and 1S0-9001. (Ansaldo is currently in the process of
obtaining 1S0-9001 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). Ansaldo
Componenti (formerly ACO, now called UCN), the components fabrication

UCNoperation in Milan, is a separate organization from the Nuclear Division.
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 B1 (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 81 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 OctoEn lisi, in that ENEA had no formal NQA-
1 program. However, the facility modifications were carried out in accordance
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with Italian law for high-pressure (non-nuclear) facilities, which we were
told is essentially equivalent to the r quirements in the applicable parts of
the ASME Boiler and Pressure Vessel Code. Irrespective of the fact that no
specific requirements were imposed by ENEA on Ansaldo, the Ansaldo QA program
was implemented for its VAPORE 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 Ansaldo's approved supplier list, and are audited by Ansaldo.
Ansaldo was also responsible for instrumentation procurement and initial field
calibration.

CCM and Quadraccia developed detailed fabrication drawings based on Ans41do's
design drawings. As-built drawings were then developed from the shop
fabrication drawings. However, as we lea ned 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.

1

We did not discuss in detail the F0AKE 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 activities4

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 to 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
(AC0) was the subcontractor to the Nuclear Division that fabricated the
components. Ansaldo Nuclear Division provided QA oversight at AC0, through a
resident engineer at the fabrication facility.

. _ _ _ _ _ _ _ - - _ - _ _ - _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _
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The IC and PCCS HXs tested in PANTHERS are not N-stamped components. We were

told that the installation of instrur antation 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 leakage 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.

Meetina at Dodewaard Nuclear Power Plant. March 13. 1996

I 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. Dr. 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 organizations participated in
the meeting. This was my second tri, to Dodewaard; I first visited the plant
in 1993, as a niember of a group led by then-NRR Director Dr. Thomas Murley. j

Issues related to plant stability were among the topics discussed during the I

Ifirst visit, but the test program was not covered in detail. Before I left on
this trip, I met with members of the Reactor Systems Branch BWR Systems

I

i
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Section and DSSA Analytical Support Group to discuss issues concerning )stability that I should cover in the Don waard meeting. 1

I began the meeting with a short, informal discussion of the NRC's activities
related to design certification of the passive designs; I 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 experiments.
GE cites, in the TAPD, data taken during a Dodewaard startup in February 1992 1

:

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 low pressure. Just before departing for the trip, I was also sent a brief i

report on recently-acquired data from a t3st 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 1

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

idiffers considerably in design from th' SEWR. Dodewaard employs active safety '

systems, rather than the passive SBWR Gstems, and the primary system design
details are different as well: the core is shorter, 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'

i 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.

I

The first presentation was given by Mr. N1ssen, of GKN. He explained that, I4

from the beginning, Dodewaard has been employed as a test facility as well as
j 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 i
more " systematic" manner, with more care taken in defining test conditions, '

| standardizing the experimental and analytical tools, and cval mting
'

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 fuel management, and simulator !

I

i
i

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



_ -_ . - _._ _. . _ _ _ . ~ . _ _ _ _ _. . __ - _ _ _ _ . _ _

~

Gary M. Holahan -9- _,

development. The' data are a'so used by organizations that work with GKN, such
as KEMA and ECN,-for code development ano 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 unoer 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 stable 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

1

- - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ , _ _ _ _ _ _ _,
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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 ab'out
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 neutronics. 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 pressure of 4.5 bars, an
undamped " limit cycle" oscillation was observed, with an amplitude of about 6%
peak-to-peak. The period of this oscillation cor m ponded approximately to
the time it takes the coolant to flow through the a>re 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 indicated 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 45 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 pressdre 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 unstable,
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 ratio of about
0.6, it 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 requirenants 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 operational 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 rehtively high
power under normal situations, both GKN and KFD have expressed some concern
about the lack of explicit guidance preventing operation near conditions that
could become unstable, and GKN is considering establishing additional controls
on plant operation to provide such guidance.

I also asked about the application of Dodewaard result to the SBWR. Dr. van
der Hagen did not want to speculate too much on the stability behavior of the
SBWR, bl.i he did state that the SBWR desig 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 so);
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.

'

Dr. 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-
line until the reactor reaches about 70% power, and that the reason for this,

was that the meter was not accurate below those powers. I learned in this
meeting that that was not correct; in fact, the stability met" 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 BDBAs,
the regulatory authority is considering the imposition of some typc of
technical specifications or similar reacirements on those systems. The Dutch
utilities.are resisting this approach, anu negotiations are apparently ongoing
between the parties. I 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 sufficient 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 I would follow up on his request when I 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 circulation,

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.

Other Observations and Concludina 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
stability-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 like 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 from both the primary system and/or tne containment (Upton et al.,.
'

De PANDA test facility at PSIin Switzerland is used to study 1993). De main systems performing these tasks are the Gravny- i

the long tern < cimplified Boiling Water Reactor (SBWR) Passise Driven Cooling System (GDCS), the Isolation Condenser System
Containment Cooling System (PCCS) performance. The PANDA (ICS), and the Passive Containment Cooling System (PCCS), Fig. I. '

| tests demonstrate performance on a larger scale than previous tests Emergency core cooling water is provided to the core by the i

- and examine the +' vets c .ny non-uruform spatial distnbutions of GDCS. This system consists of three water pools situated above the l

steam and non-con & .es in the system. The PANDA facility has a top of the core, from which makeup coolant can flow by gravity to
1:1 Sertical scale, and 1:25 " system" scale (volume, power. etc.). replenish the coolant lost from the Reactor Pressure Vessel (RPV).
Steady-state PCCS condenser performance tests and extensive facility However, the GDCS can operate only after depressurization of the <

characteritation tests have been completed. Transient system behav. RPV; therefore. the SBWR is equipped with an Automatic Depres.
'

ior tests were conducted late in 1995; results from the first three suntation System (ADS) that performs this function. De depressun.;
' transient rests (M3 series) are reviewed, ne l'irst PANDA tests zation of BWR primary systems is well understood, since it has been.

4- showed that the overall global behavior of the SBWR containment studied extensively in relation to the classical BWR designs. !

was globally repeatable and very favorable; the system exhibited Decay heat removal from the primary system while it is intact or t

great " robustness." under high pressure is performed by the ICS. He ICS consists of :

three isolation Condensers (IC) located in a pool on top of the reactor i
,

building. When redundant condensate return valves are opened the
1 INTRODUCTION: THE SBWR AND PANDA water contained in the IC condenser tubes drains and stem from the

This pape describes the first experiments conducted at the primary system flows into the tubes, condenses, and returns to the.

;e4cale PANDA test facilny, within the framework of the /.LPHA RPV, removmr tored energy. The behavior of the ICS is also well
project conducted at the Paul Scherrer Institute (PSI) in Switzerland understood, since such units have been in operation for many years in
(Coddington et al.1992). He goal of the ALPHA project is the ex. older BWRs.

|

. perimental and analytical investigation of the long term decay heat Decay heat is removed from the drywell (DW) by the PCCS,
removal from the containment of the next generation of " passive" which employs three PCC condensers, also located in interconnected i

ALWRs; the effects of aerosols on containment performance are also PCCS pool compartments on top of the reactor building. ne PCC4

! considered. He ALPHA project and the PANDA experiments have condenser tubes are permanently connected to the DW. A mixture of
! been, so far, mainly directed to the investigation of the General Elec. steam and noncondensable gases (nitrogen present in the containment |

tric (GE) Simplified Boiling Water Reactor (SBWR) Passive Con. during normal operation) may enter the PCC condensers. ne steam ;.

tainment Cooling System (PCCS). will condense, while the noncondensable gases must be vented to ;

The SBWR us9s gravity or natural circulation-driven, passive assure proper operation of the condensers. This is accomplished by
'

safety systems to provide emergency core coolant in case of a break in conveying and venting the noncondensable gases into the suppression j
the primary system, to keep the core cooled and to remove decay heat pool (SP) in the Suppression Chamber (SC) (or Wetwell). Since the

DW volurne is connected directly to the SP either via the main pres. !

t sure suppression vents or through the PCC condensers and their vent J
' nan atrdiation: Swiss Federal inst. or Technology (ETH), lines, the path that the steam will follow depends on the pressure
ETH-Zenuwn / CLT. 01-8092 Zurich
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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 ne accident scenanos investigated in PANDA relate to the
points. During the long term containment cochng period, direct Icng rerm cooling phase of the SBWR beginning when the RPV
opening of the main vents and condensation of the steam in the SP inventory starts becoming replenished by the condensate flowing
must be avoided, since the SP is not provided with a safery grade down from the ICS and PCCS. At about the same time, the ICS and
cooling system; the steam must be condensed in the PCC (or IC) con- PCCS condensers become the dominant decay heat removal mecha-
Snsers and any noncondensables vented to the SC, Although .hc nism, replacing the heat sink provided by the water inventory iniually

ration nf the condensers is understoW, aperimental venficauon stored in the GDCS pools.
of their integral, system behavior under a variety of conditions was PANDA is a large-scale integral-test facility, specifically de-
deemed necessary. There are vacuum breakers installed between the signed and constructed for the needs of the ALPHA project. It is
DW and the SC in the SBWR; their funcuon is to open and to equal- presently configured to represent at a 1:25 scale the containment of
Ize the pressures in these two containment compartments when the the SBWR. nc tests desenbed here were initially expected to bring
DW pressure falls below the SC pressure. De effects of their opera- only confirmatory information for the certifica' ion of the SBWR by
tion are also further investigated. the 1.'mted States Nuclear Regulatory Commission (US NRC). Recent

Two experimental faciliues are being used for tenfying integral developments have made the first series of experiments to be con.
SBWR containment performance. ne GIRAFFE facihty, operated by ducted in PANDA a required experimental element in the certifica-
Toshiba in Japan (Yokobori et al.,1991), provided estensise infor- tion process, thus, the tests are now performed according to the NQA-
mation about system behavior. The larger scale PANDA facility, is ! Quality Assurance procedure,
providing additional information by addressing issues such as the ne SBWR confirmatory research and later the certification ef-
effects of the operation of vseral condenser units in parallel, t ie fort are conducted in collaboration with a large international team.:$

distnbution of the constituents (steam and noncondensables) in the The closest PSI partners in this team have been the Electnc Power
large DW volume, and mixing in the containment compartments. Research Institute (EPRI), the General Electric Company (GE) and

the University of Cahfornia-Berkeley (UCB) in the US, the Net!

2
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unJs Energf Resear n Foundarmn iECM anJ KE\lA in the NetN ental fac;hty iCodJ.ngtoa et d.1993, in spue ef the h.t - I
'

lands, the Toshiba Corporanon in Japan. the imutato de Inet ;a Julmenuonal contamment phenomena weh as mmng of gu,
c;ones Eldemc25 '!E) in Met;eo. and the Itahan n.t e. ern r.) non:onJensables) and natura! e:rea!auc4 between m. 1

ENEL. as ae.. as ENEA. Ansa;jo. and S|ET in Ita;y. E: mems of & . pan vis .23 depenJ cn the prt:a!r geometry oi;he contaanr.r.
SB% R inter atr 2i ;ra; ram ;.e hniej :o ~ ALHi A ; hm!Jg Any at:empt to re;rn.h.cc the amp |es geor'etry of tN j'

are: SBWR in the PANDA facR ) woa!d hase been fuule; the sanet.s
pnenamena taimg plaec m the certainment are comptes anJ simpb+ Single tube rondesarion expenments at L.CB \ de' '
unear geometne se;.iin would c .e rawer produced serious sca:ic#.

Schrock. ! Mh Kuhn et al .1995) ar.d at MIT iS:Jue et 1 dismrtmns., g gg g'
The sarious contamment so:umes were instead represenieJ by .

* The sma|ler scale (1900) mirgral test fae.: sty GIRAFEa ep- interconne;ted simple cshndrical sessels. The general philosophy Icraied by Toshiba Yokebon et alm 1941), ' '

followed in designing the esperimental fac:lity was to Mlow at v
* The full scale PCCS concenser quahSeation PANTHERS en mchidirnensional effects to take place by dividing the main contain'-

periments performed by SIET in Italy t Botti et al .1994 ment compartments (Dry well and Suppression Chamber) in lao to ,

Tests in the PANDA facihty star.cd at the be;inrang of 1995 allow for spanal dtstnbution effects to mamfest themselves. A sanea<

(Varadi et al.,1995) The first tests were steady-state PCCS con. of well-controlled boundary conditions (e g., imbalances) can be im.
denser performance tests, as counterpart tests to those conducted at posed dt.nng the experiments, to study the sanous phenomena under
the PAFmERS and GIRAITE facthties. Extensne facthty charac, well estabhshed conditions, and in certain cases establish an case.

;

tentation tests were completed in July 1995: the facility leak rates. lope for the behavior of the system. Carefully conducted "parametne" i

heat losses, as well as the pressure drop-dow rate characteristics of or sensitmty expenn'ents can also proude mare saluable data fer i

the vances !ines were obtained. These are needcJ for 6e accurate c de quahneation, than attempts to simulate geometncally, but to a
tenption of the facihty in computations. The first three aansient neces:artly limited degree, the rather compics reactor system.

,

system ochavior .ests were cond cted in October 1995 and the .e Boundary conditions and the interconnections between centai ment |

maining sene> af .ransient te::ts intended for SBW R cen...;stic . s umes and their behavior can be controlled to study various system |
w"e completed at the end of 1995 scenanos and alternative accident paths. i

In addition to the large scale PANDA tests, small-scale expen. Following this general philosophy, the SBWR Resetor Pressure j
ments and numerous aralyses were condacted at PSI to better under Vessel tRPV) and the Grasity-Dnsen Cooling System iCDCSi p :s I

'

stand basic phenomena and SBWR sy stem behasior, to preside pre. are represented each by one vessel. The Drywell(DW) and Suppro-
hminary data for the deselopment of computanonal madeis, c:c. sion Chamber (SC or Wetwell) are represented both by two serrate

interconnected ussels iFigs. I and 2h The RPV contams a 1.5 MW
; electncal heat source. The electric " core" geometry and the hea. W
' *

2 THE PANDA LARGE SCALE FACILITY dimensions are not intended to match those of the SBWR rese: r
The PANDA general expenmental philosophy, facility design. core; they merely provide the necessry amount of heat to the RPV.

scaling, and measurement concepts are desenbed by Coddington et The RPV internals tchimney height. etc.) also resemble those of the |
al. (199 h Dunng the early project deGnition period. it was dec:ded SBWR. The parameters of importance for global system behauer. |
to build a large scale facihty capable of simulating SBWR behasior namely, tre RPV water inventory and water level are accurately
dunng the long-term (or PCCS coohng) phase of the postulated Loss. scaled.

of Coolant Accident (LOCAL The tests cover the LOCA phase that There is a total of three PCCS condensers representing the cor-

starts typically one hour after scram.They are miended to mvestigate responding three units in the SBWR and a smgle ICS condenser rep-
mainly any three-dimensional effects that may be present dunng this resenung two of the three corresponding SBWR units. (The two
phase. Thus. in relation to the SBWR certification effort, the PANDA SBWR ICS condenser units correspond to the 2x50 "r design salue of
transient test objectives are to demonstrate that: the cooling capacity; the third ICS condenser is an extra 50 % redun-

dant umt.) The condensers are connected to the two DW vessels. as.

* Containment performance is similar in a larger-scale, muh.- shown in F . 2. De fact that there are three PCC units and only two3
dimensional system to that previously demonstrated with th DW volumes allows some degree of asymmetne behavior or creates

i

smaller scale GIRAFFE tests- dows between the two DWs. even with equal Gow areas from the |* Any non-uniform distnbutions in the containment do 't cre RPV to the two DW volumes. '

ate sigmGesnt adverse effects. There are two vacuum breakers connecting the two DWs to the 1

+ There are no adserse effects asniated with mu!n-umt PCCS two SCs in PANDA.The operation of the actual vacuum breakers of
operation and interactions with other reacmr sy stems. the SBWR is umulated in PANDA by the controlled opemng of

' ** ****#* I""" *"N* I *The tests also extend the data base available for code qua!ifica.
tion in general ard.,in parucular. 3erse to further salidate the syste n " " ****# *#*" E" * *"" " E" * **" *

code TRACG ( Andersen et al.1993). SCs exceeds an upper and a lower limit, respectively). Figure -
shows some of the details of the piping mterconnecung the vanous
solumes.

2.1 Conceptual Design
!!is neither possible nor desirable to preserse exact geometrical,

similarity between the SBWR containment solumes and ta experi.

J
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Pro or,pic.il (NiJs eder prototypical eermodynamic co :m; ,
are useJ in PANDA; ee nitrogen filling mitial|) the contadment a
hewes er, eplaced by air - the difference is of no importance. Re faat
that be Gods are expec:ed to be in srmtlar thermodynamic states rJ

__ _,, . > l 'E4t: A hau e-du ex pomen ;n de prowtype r. ;d the model simphGes*

,

- . ' *$ Nj $;) de sciir; F the fxih:y.''

ne tep.down sea:!ng study con 0nned the vahdity of eeS 4 h:q : e. ..rw -

h--h % sfanMian scahg f au N wing vanables with the "syst:m
C s;aief R:O -

Ipow er), = 6ofumei = thomontal area in volumelaD
f *''-D[ [

ny, ,,..

= (mass now ratela = (heat transfer areasia= R%
*m + s '

where the subscript R denotes the ratio between the corresponding, , , , , ,

g' "-
*L*" scales of prototype and model. For PAND A. R = 25. The PANDA'

.c s, ,e .nsg , "f,h hh- ]r p. .e ., core power can be programmed to automat.cally follow a decay heat-- s..+
,,

l' r i curse.-i i-
in the BWRs, and particularly during the PCCS cooling phase of| U. cocsa w

the LOCA considered here, the important pressure drops and the
y, corresponding junction Dows are controlled by the submergence- ~

depth of vents in the Pressure Suppression Pool or by hydrostat:c
-- ~,-- ow.u s j op.n z ...m

7~ T% 7- pressure differences between interconnected liquid volumes (e g , the
RPV and GDCS pool liquid spaces). The analyses of these processesRPV "

" - ~ justify the choice of

I:1 scaling for pressure differences elevations,lesels,- v.o v.

j | .~ rJ| ' submergence depths and time,*
i

J" b -k This scaling rule determines the pipe diameters. lengths, and hydras
'

;
' lic resistances, and indirectly dictates the transit times be: ween sol-

swooms;on s u oo,.. ..on
ca m ers cnwo.r a umes. These transit times should. in pnnciple, hase the same illi% g

| |
time sca|e as the time constants controlling the tilling or pressunza.
tion rates of system volumes. This matching cannot be perfec bt-{ 3}r , j - the distortion is shown to be neghgible, since the transit times are| [

& suggs,su>a
.

s") .
much shorter than the volume filling or pressurization times.*''"

| For the types of transients taking place in the SBWR, the aser-
% ,

age pressure drops between containment volumes are not expected to"
3 be dominated by inertial effects bery rapid changes in flow rates).' " " ' ' "

Thus, the inertial characteristics of the piping (i.e., the lengths of
piping and the selocities in these pipes), do not have to be scaled
exactly. Usually (and fortunately), the total pressure drops in the
;iping are dominated by local losses, so that the total pressure drops

F.ig. 2 Ppi connections and process lines of the PANDA in the scaled facilities and in the prototype can be matched by in:ro-
ducing adequate local on0ce losses.

Close "1mination of the specific phenomena governmg the op-
eration of certain system components (e g., vents immersed in the
Pressure Suppression Pool of the SBWR) led to " bottom-up" scaling2,2 Scaling of the PANDA Facility
rules. Bottom up scahng (Yadigaroglu,1994; Gamble et al.,1995)

in relation to scaling, both " top-down' and " bottom up" :Zuber,
was applied for phenomena and facility components that were se-1991) scaling considerations and entena were deseloped. ( ;neral,
lected as bemg of particular importance by a Phenomena Identifica-

" top-down," scaling entena are derived by considenng the processes
tion and Ranking Table (PIRT) exercise. These melude the scaling ofcontrolling the state of classes of containment sub systems (e g ,
thermal plumes, mixing and stratification phenomena in the Pressure

containment volumes, pipes, etc.) (Yadigatoglu,1996). Close exami-
Suppression Pool, as we!! as in the Drywc!! volume, of heat and massnation of specific phenomena or system components (e g., thermal
transfers at liquid-gas interfaces, of the heat capacity of containment

plumes, vents, etc.) leads to " bottom-up' scaling rules.
structures, etc. Of particular importance is also the scaling of theRigorous scahng studies (Yadigaroglu,1994; Gamble et al.,
various vents discharging mixtures of steam and noncondensable1995) describe the scahng rationale and scaling details of the
gases into the Pressure Suppression Pool. 'ih importance of heatPANDA facility. Additional work (Coddington and Andreani,1995;
I sses was considered in detail and the facility was very heavily insu-

Andreani and Tokuhiro,1995) covers certain particular aspects of
lated to minimite losses,'Re facility heat losses have been carefully '

scaling.
measured, as discussed in Section 4.

4



-. - -- . . - - -- -- -. -.-- _ _ . - - - - . . - - - , -

5:

'
)

T4_ Concensa: ion in the presence of noncondensaHes inside ?e =

| , PCCS ans ICS condensers tubes is perfectly sca|cd since tN PA"" '

',
.s
-

! - condenser Mes hase prototypical dimensions and ve eyected *
.

1
.

work under prototypical condit.'ons. Heat tr ttsfer on the second.n. 't - . '

} pool side may be affected by natural circulation in the pool. Altog ~ 2 .

the PANDA PCCS .ted ICS pools base sms|ler scaled surface creas 7
,,

z

j' than the SBWR pools, wster can be adJed during the etynmena 1 )n,
(j- a control:ed manner to compensate for the smaller wat. ir,s enk .,

.} [ jf
other strategies for conducung the experiments are also posstble. Fer c &

,

|! example, danng certain tests the system reaches sirtua!!y a steady as ' !' *** * '

|- state and changes are only dnsen by the decay of the core po4er, Y ~ * " " I
1 Under such conditions, the tests can be "accelerateJ" ty accelerattrg f

,

;|' the reduction of core power,
1

,f ;

o s 'o is a
moae.mme on vu. o.s.a Nj 3 INSTRUMENTATION AND DATA ACQUISITION

j The faciliry is heavily instrumented with some 600 sensors for Fig. 3 Steady state condensercharacterizatior tests:
j temperature, pressure, pressure difference, level or soid fraction, measured condenser efficiency, as function of non-

now rate, gas (oxygen or air) concentration, electncal power, vahe condensable mass fraction, compared to TRACG l,

position, and presence-of. phase measurements, pretest predictions,'

; A very large number of thermocouples meure no, only Guid
i

nperatures, but also vessel and pipe wall tenperatures; these are '

j
.ed to obtain accurate heat balances and to estimate the he M es

from the Wous facility components. reality, the actual I sses during a typical test will be even ow er,+

1
The .aaa acquisition system can sample and store all n..trumen- since the SCs will be at a iower temperature. '

- tation channel readings continuously with a frequency of 0.5 Hz and The remaining facility charactenzation tests (Varat. et al.,1995)
I for short periods of time with a " burst" frequency of 5 Hz. The facility demonstrated that the pressure-drop flow rate characteristics of the

is operated and controHed remotely and interactisely by a computer- lines matched the ones of the SBWR system.
| screen based system.

|
5 PRECONDITIONING: ESTABLISHMENT OF THE PROPER

4 PRELIMINARY SERIES OF TESTS INITIAL CONDITIONS FOR THE TESTS
i The very first series of PANDA experiments conducted at the The PANDA facility is equipped with auxiliary air and water

,
,

i beginning of 1995 were steadpstate FCCS con,lenser performance supply systems for preconditioning the contents of the various system
c mPonents (VaraJi et al.,1995). In particular, the facihty istests, as counterpart tests to certain tests conducted at the

PANTHERS and GIP,AFFE facilities (Varadi et al.,1995). In this equipped with an auxiliary water system connectable to top and bot-

first series of tests, the effect of noncondensables on condenser per. I m fill n2 Ports in all vessels and pools. The system includes cooling
,

formance was investigated. Thus, the tests were conducted mostly at and heating capability; for heating heat is drawn from the RPV via

constant stearn flow rate and $ariable noncondensable mass fraction. an auxiliary water system heat exchanger.

Figure 3 shows the condenser efficiency, defined as the fraccon 5 'I*.M3 series of tests de.cribed here, the following typical
ofinlet steam condensed, as a function of the noncondensable mass prec ndstiomng procedures were followed. Before test initiation, the

fraction, at the reference steam flow rate. As expected, the condense, vanous comainment dumes we e isolated, filled with demineralized
'ciency diminishes as the noncondensable mass fractica increases, water, ...:m from the RPV or a{ir, and further heated,9 necessary,1

...e fjure contains also blind pre test predictions obtained with the using heat from the RPV via the preconditioning system heat ex-,

TRACG code. The code used the Vierow and Schrock (1992) corte- changer, Air was elimmated, by purging with steam, when necessary,
,

,

lation for condensation inside the tubes and the Chen (1963) correla. More specifically, the RPV was first heated to about 170 *C
'

tion for heat transfer from the tube wall to the pool. The trends pre. (corresponding to a saturation pressure of about 7.5 bar) with a suf-
#

dicted by TRACG are in excellent agreement with the experimental ficiently high water inventory, in anticipation of the beatit.: needs for
J ones. De TRACG values are quantitatively slightly conservative the entire facility. De two SCs were then filled with water at the
| (i.e., they tend to underpredict condenser performance). desired (uniform) initial temperature. De preconditioning was con-
2

Extensivefacility characteri:ation rests were completed in July ducted in a way assunng a umform SC air space temperature; steam j
,

i 1995; the facihty leak rates, heat losses, as well as the pressure drop- **8 '".jected to heat up the air space, The partial pressure of the
,

I

flow rate characteristics of the various lines were obtained (Varadi et steam m the gas spaces of the two SCs was set by the water tempera-
i al.,1995). These are needed for the accurate description of the facil- ture. Finally, the required amount of air was injected to adjust the

icy in computations. De measured total facility losses met and ex. partial pressure of the air at its specified initial value. The GDCS
'

ceeded the heat loss enteria initially established to design the facihty: vessel was iniually empty for the tests discussed here but at a uni-

they did not exceed about 7 % of the expected scaled reactor decay f nn (ak space and wall) temperature This was achieved by steam j,

heat power at 24 hrs after scram (the design target was 10 %). In heating of ine structures, and by initially filling the vessel with hot |
; water and then tranuerrir. .his water to the PCCS pools. De PCCS

,

i
t

|

1

l
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,
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(and whes.eser uscJ. also .he ICS) pools were simply 011n i %t almost a!! the air has been pushed into the SC. ne tests se se.u

a v- to the desired lesel(s). .o a GIRAFFE MSLB test with uniform DW conditions.
For the M3 senes of tests, no water and scry little air wa n- The M3 senes of te2ts investigated the effect of the water '- i

quired in the two DWs, An amrate ,aJjustment d the imtial ae p tr- and inventory in the PCC poc!s en system performance. The PANDA

tial pressure in the D% was xhiesed As foUcws: the ressa!s me - pools base a scaled crosi-sectional area about three times smaMe!

Grst heated and parged of prx;ica'ly 2:1 air by steam o;emn. R: . than the SBWR pool at.:a. Water can be added during the tests tC

ever, some a.r xcumulated dunn; this tirne in the PCC coadensers provide tbc missing water inventory. De pool conditions can, how ;

that condensed some steam, sin;c they had their secundary se 't eser. be rnodined by such w ster makeups to the pools.To investi;;at(

~ he lower (PCC pool) temperature. This air was of course oil pres m these effects. the M3 series of tests were conducted as follows:t
in the condenser tAes at test in tiation. The pressure in the DWs w as For ust W W 6ne PCC pools wue intuconnected a%.

then recorded and a suf6cient amount of air was injected to u;rease * was no water makeup. At the end of test M3, the uated
the sessel pressure by the amount of the required initial partial pres.:

sure of air. This partial air pressure adjustment and measurement level in i.a PCC pools had dropped about 0.5 m below the toq
.

" *"#
relic n the rneasuren.c.. wf a pressure dgerence and is thereiare .

,

c Id water was added from the bottom fill line (Fig. 2) to eachi
Just before test initiation all initial conditions were senfied and

further Gne adjusted, if necessary. When the required initial condi-
tions were reached, vessel connections were opened to bring the sys* no r ,

tem into the required configuration. Certain instruments that had to i :.

be isolated during the preconditioning phase were lined up and in- | P -rauv w 3!r

rutnent zero checks were condu:ed (e.g., by physically equalizing no is hw -i
ine pressu% on the two sides of differential pressure traasduceest |
The status of a" e stem valves was vended and recordu. Finally ,, i

'-

,

tests were started by opening the Main Steam Line (MSL) valves ed j, on i ( ;'
starting the power transient. Clearly, the last steps of the st.uup prc. g j i
cedure must be camed out sery rapidly (a few minutes). The length i e i
of the preconditioning phase depends on the state of the facility at the i eso I i
beginning of the test, and is of the order of a day or two. j

,

Expenence from the 6tst tests has shown that the specified ini- : 3,
''8ual conditions could be matched very precisely (e g., for temperatures g :

within less than 2 2 K, for pressures within : 4 LPa. and for lesels ! I
i'*

within : 0.1 m or less). The umformity of temperature within the ,'
vanous pressure sessels was also excellent (25 measured, within less , ,, ,, . ..
than i K). The specif.ed core power decay curse could be perfectly %
and smoothly followed thanks to the actions of the automatic control,

system that was programrned to sequentially activate and control the'

power (in small steps) of the electric heaters simulating the core.
*For the M3 series of tests discussed here, the three PCC con- ,

densers were connected to the two DWs (PCC 1 tc DW 1 and PCC 2 i
and PCC-3 to DW 2), as showr. ;a Fig. 2. The IC condenser was j

valved off. The corresponding IC pool was empty for tests M3. and j
, ,

ut of hot water for tests M3A and M38.The difference betwee, tne ]m . / _,

aree M3 series of tests discussed here is in the way the PCCS and j | h'a jin I

, <*h -ICS pools were connected and their water lesels maintained, as dis- .

)eussed below, N g'00s} Pec e.w.e 4
' -

yg ,
, - . - J,

6 THE M3 SERIES TRANSIENT SYSTEM BEHAVIOR TESTS ,cc(m...o.w -

A test matrix for a series of containment and systems interaction ; .-

tests for SBWR cert:0 cation has been established. The test matns is ,

set in such a way th?t the Grst tests are parametric variations around } ~.
*a base test, that is a counterpart test to one of the GIRAFFE tests.

* 8" '" ** *
Thus, any effects of system scale and of non uniformities in the sys-

** I'ltem will become apparent. ,

The fit:t tests discussed here (tests M3. M3 A and M38. referred I

to as the M3 Series) are MSL Break (MSLB) tests. The initial condi. Fig. 4 Test M3: Variation of the DW and WW pressures (topQ

tions for these tests are the nate of the system one hour after seram and of the flow rates received by the three PCC con-

during the LOC * at that time the DW contains mostly stem and densers (bottorn).

.

.

6 ,

.

m m,--. - e -~~.n,- m-m-- -n,- - - . ,
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,

s. ,

s ' pool indiuJua!!y, to keep its nominal w:ter lesel 'n s*zt n.
within 2 0.3 m. ! ,a , :y g g^ * For test M3B the three pools were inte. connected ad
water was added simultaneously to all three tusing me cen. -

y,,
-

3 g
;

,,
:'

3necting bottum Gilliae) to keep ag.un the nominal wster ;es e!
[ :i ;

- js
within 3 0.2 rn I ' 50 r '

g ., ]
.., ,

g :,. .. y
3Asl three 'ests were conducted with identical initial and po d j ';
3decay conditions ind with initia!!) saturated w ater in the PCC poo6s. { "' f ' , ' 3 ,

| 4
l

''

De gradual drop by evaporatior, of the water level in the pods ! ! ! (**' ' '

\j/
,

{.\
provides a very good rneasure of the integral power evacuated by the d 4 ao 5- : '' 6 ' -jPCC condensers. For test M3A (isolated pools), individual heat bal. I

d \c g ;
*

ances on the three PCC units could be performed. These confirrned j ,

certain fHdings regarding the non-uniform oreration of the three g ', ' g 'CO' -\ .j
-

PCC units. 3

}The DW and WW pressures followed very similar global trends '"' ~

in the three tests. The peak DW pressures reached were very close to ' " " " '

one another. After at cnitial pessure increase period that lasted about
two hours the DW pressure stabilized and varied very little thereaf-
ter, as shown in Figs;4,5 and 6 for tests M3, M3A. and M38, re- ;

!spectively. De 9ressure increase period corretponded roughly to the oci '

' me neadcJ to practically purge all steam from the DW. Dereafter, ;

j i.a difference between the DW and WW pressures remained preth
, ?w !cally constant (exr rt around vacuum breaker openings); the o'c T * 'jence represented ine submergence depth of the PCC vent in the r s [

;

Test M3 showed quite uniform behavior of the three PCC units 1 "' E'
_.

j j ~

pool.
E -

3 |

J l< v 3up to about 35 000 s. as shown in Fig. 4. Then. PCC 2 started absorb- J ! ,/ [ f ;f
ing progressively less steam, while slightly more steam was con- } I

|} j )densed by the other two units (PCC ! and PCC 3). The reduced per- t [ || !! a

,,

formance of PCC 2 could be sended by a number of indicators
(subcooling of the lower part of the PCC 2 pool, strong reduction of

j !gy Q*;"y j,p 7,
jboiling in the PCC 2 pool. variation of the axial temperature profiles "

.| d -

,
'

in the PCC 2 condenser tubes with a mosement of the " full conden. || || !
sation boundary" upwards, etc.) and is apparently connected to a " 9 Ie-

filling up of the PCC 2 condenser tubes with noncondensables up to a o. amoo. com. esom amo
certain level. No vacuum breaker opening took place in test M3, and ml
the three PCC units essentially shared the load and condensed the

'

Fig. 5 Test M3A: Recorded PCCS Poollevels showing the; exact arnount of steam provided by the RPV. Figure 4 shows the
sariation of the DW pressure and of tha PCC feed nows during this pv:edure followed for maintaining an approximately2

'858- constant level (top) and DW and WW pressures show-

As noted, the lesser water inventc.y in the PANDA pools and ing two clusters of vacuurn breaker openings (bottom).;
"

osence of water makeup resulted in a non prototypical, low -
. levelin the pools; for this reason, tests M3A and M3B were per-

formed. In these two tests the water level in the pools was kept ce:
i

stant, as already noted. The pools were isolated and filled individu- With or without vacuum breaker openings, the DW pressure de-
; ally with cold water dunng test M3A. as shown in Fig. 5. De cold creased slightly after refilling of the pools in tests M3A and M3B, as"

water was introduced from the bottom of the pools and apparently sho*n in Figs. 5 and 6; the effect was strongest for later refills, when
remained at the bottom untilits level reached the bottom of the con- the cold water that was injected at the bottom of the pool could rise'
denser tubes.This resulted then in m;xing of the pool water and in a sufGciently and mix with the upper layers of the pool,
reduction of the pool temperature, a consequent increase in the heat Vacuum breaker openings were more frequent during test M3A,
transfer rate and eventually an increase of the condensation rate that where apparently the individual filling of the pools had a stronger ;

,

has driven the DW pressure below that of the WW and produced effect, as shown in Fig. 5. Only a single cluster of two vacuum 1
*

vacuum breaker openings. After vacuum breaker openings the pres- breaker openings took place late during test M3B, where apparently j
sure in the WW dropped slightly also and the oxygen probes installed the " milder" changes in the pool temperatures produced a lesser ef- '

,

in the DW recorded the expected increase in air content. The effect of feet.This is shown in Fig. 6.
*

vacuum breaker openings did not last long, however, and the DW and The air content of the DWs incicassed momentarily following thei
WW pressures increased to their pre vacuum breaker-opening levels vacuum breaker openings, the condensation rates of the individual
in less then an hour. PCC units were affected, but because of the very large margin builti

j-

.

. 7
1

_ _ , _ , -- ,



.-.-. .- - -- . --- . .. -

,

into the syste-t, c'c three rCC units C sy s managed to shsre o Committee of the Swiss Utihties tUAK). the (former) Sw e Nabona.
Joad and the long term behasior of the DW pressures was not f- Energy Research Foundation (NEFF) and CE: these financial contn-

fected. Ltions are gratefully acknowledged.

4 Follo" int a Jrop in DW pressure due to filling up of a put. This paper results from the collaboration of a large number of
, when the DW w u full woh almost pur: steam. the DW premte persons both inside PSI as well as outside. De authors particularly "
recovery was slow, since high rates of condensanon .n ce PCC ems acknow! dge the contnbuuons o." DSI collaboistors P. Coddington
kept the DW pressure los M Ucan following the drst DW prew, and D Uebe! hart during the early phases of the project. of L Voser

. drops in Figs.5 and 6) and a long time was needed to panly fi" n for design. construction ar.d resolution of many instrurnentation
again the PCC tubes with air. On the contrary wheat thee was t re problems, and of P. Gritsch. W. Bulgheroni and P. Rasmussen for
air in the DW, the scosety of the DW pressure was re|atisely rapd faa|ity controls and data acquisition systems. De authors a.a ano
(as shown for the later DW pressure drop transients in Figs. 5 and 6t : indebted to J. Yedidia of EPRI who was instrumental in organizing
In this case air present in the DW could accumulate rather rapid y :n the ALPHA program and to their numerous GE colleagues who con-
tne PCC tubes and reduce their heat removal capabihty.

7 CONCLUSIONS m; ;

i i
ne first transient M3 Series of tests were conducted success- j ; .

fully in October 1995. Regarding facihty design and operation. ' " ~

! c0 ]P

these tests demonstrated the following: ,t js

e ne facility can be operated and contro!!ed very wett, r.nd I '" [ \ ; ' * I' l
} | '

; jsery narrowly der eu .H:.;J teit :or.dinons an; coundary j * *o :j- 'conditions (initial states of various containment volume <
'

j
power k *at etc.) can be achieved. .

s [
j

e ne pre-condiuoning equipment worked very successful!j i / ,3, _
1 1 _j

|
jthis respect. ,

e The instrumentation performed with high accuracy and reli- ic' !:

ability. '" j j
= :

Preliminary and necessarily limited and tentaine findtngs ,,? E

concerning the cooling system are: 58% R long term containment o amo .mo ewo. enx
Tee ,sl

e ne oserall global behavior of 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. e so . e
'

e ne tests showed very good repeatability of overall system ! 3
behavior (DW and SC pressures) in spite of differences in j /ew ! ,

the sharing of the condensanon load among the three PCC 8 '' [ ]
condensers and differences in vacuum breaker openings. : j,

i "/ P V :
There are interesung findings regarding the distnbution of j c ao g. ( -j

'

noncondensables and their effects on the PCCS system. Small 9 :

f: !|aounts of noncordensables seem to affect the status of the con.
. acts operating in parallel. The global operation of the PCCS * uo :- 1

system does not, however, seem to be innuenced by such possible | [pI
i.e. 3

dissymetries and three dimensional effects, as noted abose. This is j '["" !
reassuring since, indeed. PANDA was built to investigate such O '8 j' y 1
effects. ! y j

" ,!
ne data from the M3 test series are still being analyzed in y i

detail and compared to pre snd post test calculations. Definite , ,, , m
conclusions will be obtained after examinanon and aralysis of all 7%
the data.

Fig. 6 Test M3B: Recorded PCCS Poollevels showing the
ACKNOWLEDCMENTS procedure followed for maintaining an approximately

De ALPHA project, conducted at PSI in cooperauon with tN constant level (top) and DW and WW pressures show.
Electric Power Research Institute (EPRI) and the General Eleciric ing a single cluster of vacuurn breaker openings.
Company (GE), receives financial support from the Nuclear Power
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' March 11,1996

09.00 ANSALDO GROUP PRESENTATION

09.15 NUCLEAR DIVISION PRESENTATION

09.30 DISCUSSION OF OVERALL INTERFACES BETWEEN ANSALDO AND GE NUCLEAR
ENERGY AND WESTINGHOUSE RELATED TO QUALITY ASSURANCE FOR DESIGN
CERTIFICATION

'

10.30 COFFEE BRE/ %

10.45 DISCUSSION AND QUESTIONS

12.30 LUNCH )
13.30 AP600 SPECIFIC DISCUSSIONS:

QA PROCESS ON DESIGN AND CONTRUCTION OF MODIFICATIONS TO-

VAPORE FACILITY FOR AP600 PHASE A AND PHASE B TESTING
QA INTERFACE FOR RELAP CALCULATIONS ON SPES-2-

16.00 COFFEE BREAK

16.15 PROCESS FOR DEVELOPMENT OF AS-BUILT DRAWINGS-
i

QA INTERFACE FOR OTHER ACTIVITIES RELATED TO AP600 (AS |-

APPLICABLE) (e.g., RELAP CALCULATIONS ON SPES-2 AND POST-TEST
DATA ANALYSIS)
NRC SUMMARY OF AP600 OBSERVATIONS-

March 12,1996

09.00 SBWR SPECIFIC DISCUSSIONS I
Q.A. PROCESS ON DESIGN AND FABRICATION OF PANTHERS HEAT '
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The oldest Italian manuf acturing company. Ansaldo was for greater " visibility" among the American business anc
established in 1853. Among the many distinguishing fea- politica! circles. that could earn the Italian company eas-
tures of its history there is an almost unique record of long. fer access to needed matenals. This urged Ansaldo to de-

term association with the US business world. Ir1 f act. only velop many devices ranging from the adoption of a new
an handf ul of Italian companies can claim a compatable symbol especially designed for the American branch. with

an "Amencan" eagle added to the traditional sign. to antradition along this line.
As early as 1898. at the time of the CLban war, the'e is extensive use of such media as papers, technological jour-

evidence of a US naval of ficial visiting the Ansaldo works nals. and documentary films. Thus Ansaldo was described |
In Genoa. in order to persuade the company to sell the US by the Philadelphia Saturday Evening as the "Krupp of Ita-

government a battle cruiser originally ordered by Spain. ty" and its top manager Pio Perrone as the " Latin proto-
Because of the long standing commercial relations be- type of the Carnegies and the Schwabs of America"
tween the company and the Spanish governmer ; tne Shortly after the armistice was signed, the company
Amencan attempt failed. Yet the episodo gives a clear idea capitalized on the articulated network of contacts estab-
that the ships sold by the firm over the decade 1894 903 lished during this period, in order to try any possible open-
were intenued for foreign marliets: Argentina. Spain, Tur ing offered by North and South Amencan markets to such

Ansaldo products as the motorboat engines S. Giorgio andkey, Russia an Japan.
A few years later Ansaldo's path crossed again with Amen- the military planes Balilla and SVA. And in the course of
ca. The urgent need to purchase both armor plate avi the a couple of years at least eleven SVA and five Balilla, plus
related technological patents induced the Italian compa- several S. Giorgio engines, were sold in the US.
ny to enter into protracted negotiations with two large US in this connection in 1920 the American Society of
fums, Midvale and Bethlehem, between 1905 and 1910. Es- Mechanical Engineers (ASME) accorded its honorary mem-
pecially the latter at some point seemed on the verge of bership to Pio Perrone as the leadirN representative of
signmg an linportant agreement with Ansaldo for the joint Italian industrial ingenuity during the war. That explains
erection, under Bethlehem's license, of a new armor plate why Mr. Perrone was the only Italian in the " gallery of wor-
plant in Spain. Many problems, financial as well as diplo- thies whose names are famous among engineers and
matic, prevented the agreement from taking place. indeed whose lives are worthy of emulation" that the Mechani.
this fact v ould have been quite a striking event, in view cal Engineering. the ASME's official organ, carried in its
of the peculiar state of the economic relations between fif tieth anmversary special issue in 1930. Incidentally, it
the two countries. In those days the United States seems worthwhile quoting at least a few illustrious names
represeWd the third commercial partner of Italy ifter included in the " gallery" Andrew Carnegie. Frederick
Greo Bntain and Germany. But almost nothing was ex- Winslow Taylor, Henry Bessemer, Thomas Edison. Orville
changed hetween the two coentries in terms of feel Wright, and Albert Parson.
products. The closing of tne American branch almost coincided with
An American patent, however, was secured by Ansaldo a the financial crack that sealed the fate of the Perrone fa-
few years later. in 1913, when the Genovese company pur- mily and forced Ansaldo's top management to resign late
chased the Wales & Reece patent for vanadium steel from in 1921.
Carnegie. Yet Amenca did not d:sappear from the company's
A relationship between the Genovese firm and the US de- horizon,if only because Agostino Rocca, the newly emerg.
veloped on a systematic basis atter Italy's entry into World ing top manager, who was to restore Ansaldo's fortune
War One. This was, in fact a part of a more general na- in the 1930s, was quite abreast of American new techao-
tionwide trend; that is, the tendency, on the part of Italy. logical and organizational tools. In fact, he tried to apply
to turn increasingly to the US in search of raw materials some of them in order to reshape the Genovese company.
and machinery. Then. af ter World War Two, Ansaldo played an important
in 1915, with the avowed goal of purchasing such products, role in the definite establishment of closer and more sys.

,

Ansaldo established a permanent mission in New York. tematic commercial relations between the two countries.'

} From Oct.1915 to Oct.1918 this resulted in an uninter- This process is still going on and even a cursory look at
rupted flow of nurchases that were valued at over the present condition of Ansaldo's plants can give an ade-
544,000.000. At the same time there emerged a strong need quate measure of its newest developments.
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0.2. !.IANAGEMENT'S STATEMENT .
,
.

i

'

The Nuclear Division Management of 'ANSALDO un'Azienda Finmeccanier S.pA"
has defined a Quality Assurance Programme (O.A.P.), as described in this 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 decomnussioning 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

Ithe OAP. He O.A. Department Manager has the responsibility of verifying the
efficiency, adequacy and correct implementation of the OA Programme.

7

The management has also defined a . asks aad responsibilities of the departments
concerning the application of 0.A.P., 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 concemed.
In particular, the Ouality Assurance Department is charged by the Management with '

the OAP. deSnition; in particular the former reports directly to the Nuclear
j Division Management, thus assuring the required independence.
i It is therefore intended that OA personnel has the responsibility and the autorithy

to identify problems and suggest and follow-up solutions defined within the
i organizational framework concerned.

| The Nuclear Division Management also sets the information instruments regardmg i
'

the qualitative trend of the activities; particularly, the Quality Assurance Department<

,

must inform the Management sistematically about the observance and efficiency of |
'

'

| the OA program.
:

:

He Nuclear Division Manager
i. .

.

/

: ;

k'
4

% b

L

Q.A. MANUAL :4
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0.3 TABLE OF COMPARISON BE1 WEEN QAM AND REGULA110N EN29001
%

Satdects 11tle ] Chapter QAM
EN 29001 Corresponding chapter

h
Management's Responsibilities 4.1 0.2.-1.

*

[^$ il t<*ikk. Ouality System 4.2 2.

O)b' S'8'
r4 Contract review 43 2.6.1

Verification of the desige 4.4 3.
Verification of the documentation 4.5 6.
Procurement 4.6 4. - 7.
Products supplied by the customer 4.7 7.7
Identification and traceability of the 4.8 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 ofinspections and tests 4.12 14.
Non-conforming products inspection 4.13 15. j
Corrective actions 4.14 16.

Handling, packing, storage and 4.15 13.
;delivery

Ouality Assurance records 4.16 17.
Quality Assurance internal audits 4.17 18.
Training 4.18 2.8.
Assistance 4.1C (1) j
Statistics 4.20 (2)

i

|

|(1) DNU performs assistance and service activities within the contractual limits
~ |

and in accordance with the estaolished procedures complying with this QAM.
1

(2) When necessary, the suitable techniques are detected and regulated by proper
procedures,if needed.

.

Q.A. MANUAL
i
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ANSALDO PROGRAMMA GLOBALE VERIFICHE ISPETTIVE INTERNE
Un'Anenda Fenrnetcanoa

ANNO 1995onnsone uucteAne

ENTE Ente di GEN FEB MAR APR MAG. GIU LUG AGO SET. OTT. NOV, DIC NOTE
* * * * "
convaano RGVI supporto i 11 1 11 3 Il I il I il l II 8 il I il I !! I il i 1. I 11

ANH VARI Arena Aur1:t di sistema

CER CER1 Arena
'

CNU VARI Marsano Audit di sistema

IMP CER 1 Arena

IMP FOAKE Marsano

IMP Koziocuy Marsano A

IMP SPX 1 Arena |

MTL SPX 1 Sala B.
MTL VARI Arena Audit de sastema

NEA FOAKE Marsano |
NEA SA1 Sala B.

NRS FOAKE Marsano
~

,

NRS SPX 1 Sala B. i

SIS CER 1 Arena
~

SIS FOAKE Marsano

SIS Kozioduy Marsano IA
SIS SPX 1 Sala B.

STR FOAKE Marsano

g[DAZIONES PRROVAZIOtV.I. NON PROGRAMMATA V.I. PROGRAMMATA
'# ' ' ' ' ' ' '

V.I. EFFETTUATA 3 V.I.EFFETTUATA W RICH AZIONE E V.I. COMPLETATA MARSANO j.
PEDEMONTE

RAC EMESSA/E RfSP A RAC ACCET. Di FOLLOW-UP CLOSE-UP DATA 18/1/95 DATA 3/2/95

i nJt t/Ut l A (km PROGk195 OOC

_ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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onn o e,,0c m e ANNO 1995
hmENTE Ente di GEN FEB. MAR. APR. MAG. GIU. LUG. AGO. SET. OTT. NOV. DIC'awamo RGVI supporta l 11 I il I 11 I il I il I il I 11 I il I 11 1 11 1 11 I 11

NOTE
ANH VARI Arena 2 Audit di sdstemaCER CER 1 Arena 2
CNU VARI Mersano E Audrt de sistemaIMP CER 1 Arena fE]
IMP FOAKE Marsano 2 W E
IMP Kozioduy Marsario 2 W E
fMP SPX 1 Arena [')
MTL SPX 1 Sala B. A WMTL VARI Ar .[ 2 W Aoun di sasterid

m

NEA FOAKE Marsano 2 W ENEA SA1 Sala B.
, I,-

,

NRS FOAKE Marsano B l
NRS SPX 1 Sala B. [-) E
SIS CER 1 Arena [<]
SIS FOAKE Marsano E
S!S Kozloduy Marsano 2 E
SIS SPX 1 Sala B. [-}
STR FOAKE Marsano 2 W E

-

.

Ld .I
.

V.I. NON PROGRAMMATA V.I. PROGRAMMATA REDAZIONE APPRO /#210NE4

2T Tg [M V.I. EFFETTUATA M RICH. AZIONE E V.I. COMPLETATAVI EFFETTLf,'S MARSANO PEDEMONTERAC EMESS s, RISP.A RAC ACCET. Di FOLLOW-UP CLOSE-UP
_ DATA 18/1/95 DATA 3/2/95

DNU/OUA 008
08 W /96 PFM95_1 DOC

_
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: AUDITS MADE BY-:
i

!

i

i
;

i

GENERAL ELECTRIC :
,
j

| l^ 15/10/1990 No CAR lssued
.

li^ 27/09/1993 No CAR issueJ.

i
;

I
.

; WESTINGHOUSE :

l^ 15-16/07/1991 Issued n.1 N.C. and n. 5 OBS
,

|
||^ 25-26/02/1993 issued n. 3 N.C. and n. 2 OBS

,

i Ill^ 24-26/10/1995 No findings |

|

|

:

,

,

d

i

I

E

MMW
NRS_ MEET. DOC

!
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DNU/QUA FOR 0001
ANSALDO un'Azienda Finseccanica ELENCO FORNITORI QUALIFICATI ( Stampo del 26/02/1996 ) pag. 2

(ordinata per FORNITORE/MERCE0 LOGIA)

ESITO ISP.QUA.
RAG.SOCIALE LOCALITA NAZ SIS.QUA MERC. DESCRI2IONE Q G . DETTAGLIO VER8ALF D.VISITA D. SCAD. M*JeUALE QUALITA / REV.

A88 ADDA S.P.A. LOOI -1 150-9001 MC -COMPONENTISTICA DA QuADRO CR-
-

#
W ELETTROCONSUTTURE S.P.A. MILANO -I 150-9001 NAC -Interr.: tori AT (SF6 - er CR-
M INDUSTRIA S.p.A. Filiale di GENOVA GENOVA -I ISO-9001 PIA -Sisteet integreti di auto CR-
W INDUSTRIA SPA SESTO S.GIOYANN! - 1 ISO-9001 LF -ALTRI COMPONENTI ELETTRIC CR- f

MD -STRUMENTAZIONE LOCALE E A CR- f
M KENT-TAYLOR S.P.A. LENNO -1 150-9001 IG -VALVOLE DI REGOLAZIONE CR- j

MAE -Quadri regolazione CR- j
MAK -Benchi, cofani e cassette CR-

f
MS -$TRUMENTAZIONE DA QLADRO CR- f
MD -STRUMENTAZIONE LOCALE E A -

f
MDF -Tressettitori di pression - j
MDG -Treemettitori di posizion -

f
MDH -Tressettitori di Livello - j
MDL -Regolatori locali -

7
MEA -Strumenti per analist -

f
PI - SISTEMI DI AUTOMAZIONE E - j
PIB -51steet di regolazione e

f
ADVEL ELFTTRONICA INDUS.LE SRL SEGRATE -! ISc 7002 N -APPARECCHIATURE ELETTRICH C -

f
AGTO GEUAERT SPA MILANO -1 ISO-9002 DOF -Mecchine ed attrezzature
ALCATEL CAv! SPA COLOGNO MONZESE -I 150-9002 LAI -Cavi per telecomunicazion CR-

LAK -Cavi speciali (navali, po CR- f
ALCATEL DIAL FACE SPA MILANO -I ISO-9(M1 78 -NOLEGGIO MACCHINE DA UFFI -

f
LDI -Telefon CR- '

ALGA SPA MILANO -1 150-9002 ICA -Supporti elastiCi a caric CR-
ANSALDO C2.FINM.DIV.ONU GENOVA -1 ISO- M 1F -PROGETTAZIONI SISTEMISTIC 1Q- PQA-95-383 02/11/95 A.M.DNO-001 /5

2F -ATT!vlTA' 01 SUPERVISIONE 1Q- A-M-DNU-001 /5
ANSALDO COMPONENTI S.R.L. MILANO -1 150-9001 1 -CALDARERIA 1Q**

COPIA CONTROLLA.103 / 13
d -APPARECCHIATURE D1 SCAMBI 1Q-

(ANSALDO ENERGIA SPA GENOVA (CORNIGLI - 1 ISO-9001 CAA -Generatori in c.a. (esclu CQ-
!'

OAS -Generatori in c.c. CQ-
.fQBA -Turbogesippi a vapore CQ-

QBB -Turbogruppi a gas CQ- 7
ANSALDO INDUSTRIA SPA GORIZIA -1 150-9001 LF -ALTRI COMPONENTI ELETTRIC CR- SEZ10NI "A" E "C" /6

NAC -Interruttori AT (SF6 - er -

'
AUSONIA SRL MARSALA -1 150-9002 OAA -Generatori in c.a. (esclu CR-
BELLELI S.P.A. MANTOVA -1 150-9001 18 -PROGETTA210NI MECCAMICHE 1 Q - 20-34-4Q RVA 04/91 18/12/91 17/12/94 MbQ 01 E QAM OS /238 -MONTAeGI MECCAMICI

38A -Montaggi di caldeia ed au - |*

AC -TUBI IN CANNE DIRITTE -

# !F -STRUTTURE METALLICHE E CO -

G -CALDARERIA -
I

GD -SERSAT01 A PRES $10NE ATM0 - j
GE -SERBATOI ED INVOLUCRI IN -

f
H -APPARECCHIATURE D1 SCAMBI -

f
HC -PRERISCALDATORI ACQUA ALI -

j
MH -SCAM 81ATORI A PIASTRE E R -

j
HK -8ATTERIE DI SCAMEIO TERMI -

f
PC -IMPIANTI E SISTEMI PER CE -

f
PCF -Generatori di vapore nuct - j

-

_ _ . - _ _ _ . . _ . _ _ _ . . _ _ . _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ - _ . . _ _ _ . _ __ ____ m_ _ _ _ _ _ - _ - _ _ - _ _ . - _ - _. 2--_______._m-
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filf8 ISP.StaG.SGClite LOCALITA sA2 SIS.esa utet. CESCt!2I9et 4 E - StifAsts. Vit9&LE t.VISITA S.tCas, maesALE GaALITA / tiv.
te(CI $PA St-Sampigtg&ttaa - I 150 9042 (A -NACCHItf Ufft3ILE *

/fF -Affff22I -

IM -GuAtt!ZItat. AtfLLI Bt TE -

3RSCCII SGL SIAlltag -I Ile 9001 F - APPatf CCRI Afstt Of SCAM 8I Ce- /

* NA2 -Coedoesatori di altre tip - /

ns -70823 tv&PetaflTE /
jNF -1C&843Afsti A FASC 18 fut! *

/'nFA -3 :ent i a t ori e fascie teti -

NI -AetSitRNI /

JE -vEtt!Laf0tl E 10FFIA8f! l - -

JES Altri sentilatori sentrif - /

480 -Altri eestilatori mesiasi - /

JGE -Saffiaati /

JCP -ferreni di estreaisee -

/PSP -Imp. di depelsere a s see -

/

r

PCA -Imp. eesti!.alees e seedi -

SRL MEig -I 158-9002 SE -L AvetA21091 ttf f fRICNE IS - /

esa -es&4el SiteeWSTAZItat E C - /

Bet -Seadri TV, geadri centre - /

ECB -Seadri power center - /

ECC -Gea.ri meter sentret cost - /

SCS -Gendri settedistribesieme - ,

6J0 -Schede ,

PI - SIsital at aufse&2Ient a /
' Caldereris-Carpesteria-Itoseanise e.r Amelia - ! 153 9003 F -Situf f t#E RET ALLICRt E CS CA- ISI/042 ts/c2/94 IS/62/96 /

/

E -CAL 944ftIA CE -
P -!NPIAgil t SISTEN! PACEAS C#a /

A s*P.a* sAs MARTIne si e - I Iso 90e2 m3 -situeetfAtlete LOCAtt e A Ce- /

mec Pressestati Ct- /
n00 -fermentati CR-
NO2 -Altri etrameeti Edisame t C4- j

ESA Cout-CRfvttsy -F 150-9002 I -CenPettBf! MECCAGICI 40- tvA003/92 ts/es/93 is/eg/sg
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/
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ANSALDO ELENCO FORNITORI QUALIFICATI PER SCAMBIATORI PCCS & ICS E. F O
GlE OtJALIFIED VENDOR LIST FOR 'ICCS & ACS* HEA T ECHANGERS (SBWR)

Statxhmento MILANO
._. .._

_ ,

No. (O EN 23002) OtlAllFICA ANSALDO GIE/Mt SCOPl E LIMIT 1 DELLA
ITEM FORNITORE CAT. L OCALITA* ASME D EN 29002 QUALIFICA

_ . -.. - _ . . - - - - - - -QUAL IfICA TeON ANSALDO GIE OtJAlIfJCs TION
[

-- - - - - - - -

- - - - - - - -

ITEM VENDOR CA T. LOCA TION No CERT ' SCADE NZA No t:AR EM ES.1L SCADENZA SCOPE A LIMITS OF THE
No.

._ _ _ . _

CERT No EXPIRA T. EAR No ISS*D ON EXPIRA T. OUALIFICA TION

1 DALMINE TUBI INDUSTR. MM BERGAMO EN 29002 20.02.97 STEEL SEAMLESS TUBES
S .r.l . (ITALY) (Mono. .cco,dkng ASME NCA 3500)

E.T.C. MM PADOVA EN 29002 06.07.97 ARC wet DING ELEC1HODES
ELETTROTT RMOCHIMICA OTALY) (LROA)

3 FOMAS MM OSNAGO (CO) QSC-2731 06.07.97 FERROUS. dONFERRuv5
(ITAL () EN 29002 15 03.35 FORGINGS & SEAM;ESS TUBL?LAH

(DNV) PRODUCTS
I

!

4 FORGIATURA MORANDINI MM CIVITATE CAMUNO (BE) EN 29002 06.11.95 CARBON. LOW AND HIGN ALLOY
(iTA LY) (RINA) STEEL FORGINFsS AND STAIN-

LESS STEEL FORGrNGS

S FORGITAL SPEZZAPRI A MM SEGHE Di VELO (VI) EN 29002 M AY. 97 EAR 291 26 02.93 26 02.94 FORGEO ITEMS. ROLLED RINGS
(ITALY) IN CAR 80N AN;1 STAINLESSr

i

STEELS. ALLOY & SUPERALLOY
|

{
| 6 NUOVA TERMICS MS CREMONA SCH.TECl 21.07.93 21.07 94 INSTALLATION ELECTRCAL -

== .=
.,

| (ITALY) N. 02 INSTRUMENTATIONI

}

| (PENDENTE QUAT tFICA DA
PARTE I M.Q ) ,

Date : 23/09/94 t'ag: 1 of 3 Preparato da / Prepared t>y:| AMMO } -
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__ .__

ANSALDO Ei_ENCO FORNITORI OUALIFICATI PER SCAMBIATORI PCCS & ICS EFQ
GlE QUAllFIED VENDOR LIST FOR *tCCS & ICS* HEA T ECHANGERS (S8WR)

_Statultmento MILANO _

._ [r _.. ._ _ . _ .
._._ _

. . _ . . ._ __ . _ . _ ._ _ _ . . _ , _ . _ _ _ _
.

OUAllFICA ASME +

No. (O EN 29002) OUALIFICA ANSALDO GIE/MI SCOPI E LIMITI DELLAITEM FORNITORE CAT. LO CAtiTA* ASME D EN 290a? QUALIFICA
. OUAlifJCA TCN ANSAI DO GIE QUALIFCA TJON_ __ ,. - _

ITEM VENDOR CAT. LOCA TION No CERT. SCADENZA No EAR EMES, IL SCADENZA SCOPE & LIMITS OF THENo.
_ _ _ - - - . - . . - . _ ___ ggRT._ No m' IRA L _ (AR No ISS;D ON EXPIRA T. QUALIFICATION. _

1

7 O. C. S. M ALBIGNASEGO (PD) S Ut 01.06.95 EAR 294 22.06.93 22.06.94 EXCHANGE TUBEf BENDtNG
(ITALY) SCH.TEC 22.06.93 ==

N.01

8 O.M.E METALLURGlCA MM ERBA (COMO) EN 29002 11.11.95 .MANUF " iTURER OF t.iOL* LNGEHBESE . S.p.A. (ITALY) (D.N .V.) I
TOR NALdAR FIEL vs,

(Manual according AS tt NCA 3800)
1

,

-- ) 9 T.A.D. COMMERCIALE MS LAINATE (MI) EN 29002 15.12.96 EAR 290 27.11.92 27.11.93 STOCKHOLDING OF.
(ITALY) (D.N .V.) PtPES.FITTWGS (WE LDED

; .AND SEAMLESS) HOLLOW BARS
AND BARS OF STAINtESS STEEL

A 10 STERLINC. TUBES Ltd. MM CHESTERFIELD EN 29002 31.05.96
ALLOY AND STAINLESS STEEL

{h af T.A.D.) (ENGLAND) (LL.RR.) AND HOT AND COLD FINISHEDN
SEAMLESS STAINLES". STEEL
TUBING

t

11 TOFREN MACCHINE MS SOLTO COLLINA (BG) EN 29002 30.06.96 EAR 292 15 03.93 15 03.94 FABRICATION Of tNDUSTRIAt f
(ITALY) (LL.RR.) ! EAR 293 03 09 93 03 09.94 STEEL STRUCTURES TO f

EAR 295 11.10 93 11.10 94 CuENT SPECIFsCATIONS |
l'
1

,

1'

/,

| Date : 23/09/94 Pag: 2 of 3 Preparato da / Prepared t>y | AMM'O .

i
/ ii
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ANSALDO j ELENCO FORNITORI OUALIFICATI PER SCAMBIATORI PCCS & ICS EFOG|E
QUALIFIED VENDOR LIST FOR ~PCCS & ICS~ f%A T EL.: ANGERS (SRWR)Statwimento urtANo

___ . . _ _ .___ . _ _ _ . . _ -
___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

No.
_

_..
. . . - - . .

_._t

(O EN 29002) QUAltf tCA ANSALDO GtE/MI SCOP 1 E LIMIT 1 DELLAITEM FORNITOHE CAT. LOCALITA* ASME O EN 29002
_ _ _ _ _ QUAlifoCA TION OUALIFICA

ANSALDO 01E QUALIFoCA TJON
ITEM VENDOR CA T. LOCA TION No CERT. ISCADENZA No EAR EMES. EL SCADENZA SCOPE & LIMITS OF THE

_

N o.
_ __ _ . _ _ _ _ CERT.No EXPIRA T. EAR No -ISS*D ON EXPIRA T. QUALIFICA TION

- -- . ~ - _
_

-

12 VALINOX. MM MONTBARD QSC-421 21.11.95
(NUCLEAR DIVISION) MS (FRANCE) OSC-563 08 02*:15 ; FERROUS & NONFERROJS BARS.

SEAMLESS TUBULAR PRODUCTS
AND STRUCTURAL SHAPES

+ 13 KRUPP . VDM GmbH MS LANGENFELD QSC-553 31.08.96
(MANNESMANN GROUP) MM IGERMANY) MATERIAL MANUFACivRER OF

FEOROUS . >r# EHHa._ hi
j

T:NG WELDED WtTH AND WHITOUTH'

FILLER METAL; SEAMLESS TUBULAH'

PRODUC TS

4 IXL. MM RECCO EN 29002 OTT 94
UNDUSTRIA MECC. LIGURE) (GJ NOVA) (RINA) FITTINGS. BOLTS AND NUTS IN

UNALLOYED. LOWALLOYED AND
AUSTENITIC STEELOUALITIES

i (FOR SBWR JOB / VN 0015)
,

13 F.B.M. - HUDSON MM TERNO D*lSOLA S-U MAG 97
(BERGAMO) U2-PP ECHANGE TU8ES (INCONEL)

BE ND8NG.EN 29001 SET 96
(D.N.V.)

I
j ;

'

i i

i !
' i
'

! ;

I | !

J ,,
Date : 23/09/94 Pag: 3 of 3 Preparato da / Prepared by | AMMOl p.J

/
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. CERTIFICATE OF !
.

AUTHORIZATION
This certificate cccredits the named company as authorized to use the indicated

I symbol of the American Society of Mechanical Engint rs (ASME ) for the scope of
activity shown oelow in accor< nce with the opplicable rules o: the ASME Boiler

I and Pressure Vessel Coce The use of the code symbol and the authority granted i

| by this Certificate of Authorization are subject to the provisionslof the agreement i

j set forth in 'he application. Any construction stamped with this (ymbol shcIl have 1

'
- been built strictly in accordance with the provisions of the ASME Bbiler and Pressure

Vessel Code.

COMPANY
ANSALD0 ENERGIA SPA

STABILIMENTO DI MILANO
VIALE SARCA, 336

(/) 20126 MILANO, ITALYs
O
O
.E , SCOPE -

en t l
C | :

LLJ
| )

,

~

!h CLASS 1, 2, 3 & CS SHOP ASSEMBLY OF STAMPED COMPONENTS, PARTS, !

APPURTENANCES, P! PING SUBASSEMBLIES & COMPONENT SUPPORTS AT THE AB0VE
-

C
_| LOCATION ONLYg

.c I
O
W

!
% !
O l

h AUTHORIZED april 14, 1995 REVISED: AUGUST J7, 1995
O

*G EXP!RES MARCH 5, 1998
O
(f) CERTIFICATE NUMBER N-2859

C

.$ t SYMBOL NA
_ ,

m !
@
E |1 '

4 i
'

e. :
Om tu c. Oa htt,C O

H 3

CHAIRMAN OF THE BOILER
AND PRESSURE VESSEL COMMITTEE

J1

lEn SL h Be ;

g DIRECTOR, ACCREDITATION AND CERTIFICATION



,

CERTIFICATE OF.

AUTHORIZATION
3

This certificate ca. Jits the named company as authorized to use the indicated
symbol of the American Society of Mechanical Engineers (ASMEI for the scope of
activity shown below in accordance with the applicable rules of the ASME Boiler
and Pressure Vessel Code. T' use of the code symbol and the authority granted
by this Cernficate of Authorization are subject to the prcvisions of the agreement
set forth in the application. Any construction stamped with this symbol shall have
been built strictly in accordance with the provisions of the ASME Boiler and Pressure
Vessel Code.

^"
ANSALD0 ENERGIA SPA

STABILIMENTO DI MILANO
VIALE SARCA, 336g 20126 MILANO, ITALY

a>
O# SCOPEC
a
C

L1J

% CLASS 1, 2, 3 % MC VESSEL PARTS & APPURTENANCES; CLASS 1, 2 & 3 PUMP

g PARTS & APPUI'ENANCES, COMPONENT SUPPORTS FABRICATION & COMPONENTO
'g~-- g SUPPORTS PARTS & PIPING SU8 ASSEMBLIES; CLASS 2 & 3 STORAGE TANK PARTS &

5 ! APPURTENANCES; CLASS CS CORE SUPPORT STRUCTURE PARTS & APPURTENANCES AND

.c | CLASS 1 CONTROL R00 ORIVE HOUSINGS AT THE AB0VE LOCATION ONLY
O
Q)
E
%

i
D | AUTHORIZED APRIL 14, 1995 REVISED: AUGUST 17, 1995
. O. | EXPIRESo MAP.CH 5, 1998
O
(f) | CERTIFICATE NUMBER N-2860

|C
|

.$_ | SYMBOL NPT
, .

O
E

<C '

i i,
G l,c Wu c. L- wLC o
h I

CHAIRMAN OF THE BOILER
AND PRESSURE VESSEL COMMITTEEN,

;& S I W By
n)

@ DIRECTOR, ACCREDITATION AND CERTIFICATION
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IC/PCC FABRICATION : QUALITY CONTROL
_ _ . __ _ _ _ . _ _._ _ _ _

l
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1
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1-- |

1 !
;

i
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*

i

r hr 3
,

TAs DESIGN QA/QC (t)
< J% J

.

.

4

y t
! r 3 ANSAi.00 r 3

+ COMPONENTI (2) SURVEILLANCE - ENELGE - SURVEILLANCt.
k > (ACO) k >

;

I
"

!

s

4

y
( 3
TAs FABRICATION
t J

i

(1) COMPLYING WifH NOA-1/1a,1983
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V.A.P.O.R.E. Facility
,

modificati6ns
_

_

ACTIVITY CONTRACT ACTUAL
- - - - - - -

QUALITY QUALITYCONTRACT REQUIREMENT SYSTEM
Best

Phase "A" Ansaldo O.A. Program
Engineering

(*)Practice
ENEA -- >
Ansaldo Technical

Documentation
Best

Ansaldo O.A. ProgramPhase "B-1" Engineering
(*)Practice

ENEA - > (fulfills the requirements of TechnicalAnsaldo
. Westinghouse Specification) Documentation

Ansaldo O.A. Program lPhase "B-2" Westinghouse Specification
(*)

Westinghouse -->
Ref.: Contract Letter MB-21177-S TechnicalAnsaldo

Documentation

i

(*) According to DNU Quality Assurance M:nual i

*

1
i

i



ADS TEST PROGRAM AT V.A.P.O R.E. FACILITY (ENEA-CASACCIA)

[ Tast Program ~

W CONCEPTION & Test Facility
SPECIFICATION g3pecialComponents

V.A.P.O.R.E.W to t e tested
-SPARGER 1

-

- ADS Valves (Nr-O U

V. A.P.O.R.E. Facility
a facility modification C E Modification

DETAILED DESIGN Specification

m

[G) /e^q)v-

6 MECHANICAL DESIGN
8 FUNCTIONAL DESIG:; I

\|7 d7 ;

Pipir.g / Mechanical Special Field
a Equipments a Instruments supply IPROCUREMENT PROCUREMENT

V

@8 ADS Loop ccgr
PRE FABRICATION

I

s!,1.
,

,

V. A.P.O.R.E.
A facility modification

A Instruments
C CONS'RUCTION

2 Field Calibration
-

AND ADS Loop haMruts
ASS'Y

Construction
,

6 & Supply
Q.C. Cedificadon 37

V.A.P.O.R.E. ISPESL Inspector-

Facility Acceptance
Pressure Test (Rx)

'"

8 As Built Drawings I A COMMISSIONING
TEST

TURN-OVER C
ENEA Technical

LEGENDA E Administrative
Inspection'

a)Itailan Law Regulations
b) Q.A. Level "B"

a) Commercial grade high quality ,
b) Shop and ANSALDO

[calibration certificates Test

h ANSALDO sub-supplier i E-
EXPE ENTSworkshop
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CERTIFICATE OFi

I
I

. ACCREDITATION
This certificate accredits the named company as having had the adcquacy of their
quality as3tsrance program verified for the scope of activity shown below in ac-
cordance with the applicable rulet af the Boiler and Pressure Vessel Code of the
American Society of Mechanical Engineers (ASME). This certificate does not include
authorization to use a code symbol stamp. The accreditation granted by this certificate

g is sub;;ct to the provisions of the agreement set forth in the application.

| ANSALD0 ENERGIA SPA
STABILIMENTO DI MILANO

VIALE SARCA, 336
20:26 MIL *NO, ITALY

@ s

O i aCGPE
.E I
CD i
C i

LLJ !

!-

CU !
O ! NA, CLASS 1, 2, 3 & CS INSTALLATI0tl 0F COM00NENTS, PARTS,

~~

c ! APPURTENANCES, PIPING SU8 ASSEMBLIES & COMPONENT SUPPORTS AT

cc j VARIOUS LOCATIONS, SUBJECT TO AUDIT
C i
O i
G !

E |~)o i
A OMD april 14, 1995 IdlSED: AUGUST 17, 1995+-,

U MARCH 5, 1998
O
w CERTIFICATE NUMBER gg

*
C |
CU !
O I
*C |
(D :

Ei
<t ! -

'

\ .k
W b t
.C | N ttu t L- Ge htLC O

CHAIRMAN OF THE BOILER
AND PRESSURE VESSEL COMMITTEE

? E SL h6 %
n) CIRECTOR, ACCREDITATION AND CERTIFICATION

. _ _ - .
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CERTIFICATE OFi

| AUTHORIZATION
I

! This certificate accredits the named company as authorized to use the indicated
I

symbol of the American Socieiy of Mechanical Engineers (ASME) for the scope of
activity shown below in acco dance 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 subject to the provisions of the agreement,

| been built strictly in accordance with the provisions of the ASME Boiler and Pressure
set forth in the application. Any construction stamped with this symbol shall have

i
! Vessel Code.

^"
ANSALD0 ENERGIA SPA

STABILIMENTO DI MILANO
VIALE SARCA, 336

u) 20126 NILANO, ITALY
u
O ;

[ |i SCOPE

'5> !
C 1

LLJ !

l_

h * CLASS 1, 2 & 3 VESSELS & PIPING SYSTEMS; CLASS 2 & 3 STORAGE TANKS;
j CLASS CS CORE SUPPORT STRUCTURES AND CLASS 1 CONTROL R00 DRIVE HOUSINGS

-

h i AT THE AB0VE LOCATION ONLY

C |
O i
O !s.

E |

E
h AUT HORIZED APRIL 14, 1995 9EVISED: AUGUST 17, 1995
.O_ !
o j EXPIRES MARCH 5, 1998
O 1
(f) j CERTIFICATE NUMBER N-2858

C !
SYMBOL N

c:
W !

<iE
i

'

o

b-Omm c. t OutC O
h *

CHAIRMAN OF THE BOILER
AND PRESSURE VESSEL COMMITTEE$

?E SL OA 6 %
@- DIRECTOR, ACCREDiTATIO.4 AND CERTIFICATION

_ --___ _. . - - _ _ _ _ _ _ - _ _ _ - - _ .
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ATTACHMENT 2

PERSONNEL CONTACTED AT MEETING SITES

-1

,

I



Personnel Contacted at Paul Scherrer Institute

.(Note: not all individuals attended all. meetings.)

NRC Represent'atives:

R. McIntyre
,

J. Peralta
J. Monninger -;

.

A. Levin. ,

J. Kudrick . <

D. Scaletti

.GE Representatives:

J. Torbeck
.G. Wingate
J. Fitch
'J. Quinn :

PSI Representatives:
'J. Dreier

G. Varadi
J. Healzer

'G. Yadigaroglu
T. Bandurski
M. Huggenberger
0. Fischer ,

!

,

i



, . . . . - .- - .. .. . . -- - - . . - . .

I

l

'

|.

!

I

|

L Personnel Contacted at Ansaldo

'(Note: not all individuals attanded all meetings.)-

NRC Representatives:

R. McIntyre
- J. Peralta;

.

A.' Levin
^

4

'

D. Scaletti

GE Representatives:

P. Billig,

N. Barclay
i 15. Kanobelj
.

i.'
Westinginuse Representative:

,

R. Tupper

Ansaldo Representatives:

E. Lutini 1

H. Marsano
'

A. Buscaglia
P. Baroni '

A. Pedemonte
G. Omnis
G. Locatelli
G. Rizzo ;

i

,

e

-- - --- - --
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Personnel Conticted at Dodewaard I

. 1

,

4- :
4 i

<

i
!~ GKN Representatives:
4 .. :
is :W.. Nissen i
'. Mr. Hoekstra !,
E -Mr. Karuza !

<

j

|[ .KFD Representative. ;

t.
1- G. Vayssier- !

L. ,

.
/ t

j TUD Representative:
t

d L

| -T.' van der Hagen !
4

)
e i

4
1

4

I
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1. ;
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e
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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 F0AKE
.

activities). >

,

Concerning Dodewaard, since thg 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.

b
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