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SlMMARY AND INTRODUCTION

The Marviken station was originally built to operate as a boiling
heavy water direct cycle reactor with natural circulation. As the station
ha1; never been operated it offers unique posibilities for performing full
scale safety studies through the testing of vital parts such as the pressure
vessel, containment structure, reactor internals, auxiliary systems, safety
systems and various other systems including the buildings.

The first series of sixteen blowdown experiments (designated MX-I)
included studies of the response of the PS-containment to simulated rup-
tures in the primary pipe system. The program included studies of

containment response to ruptures in the primary pipe system; the pressure
and temperature build-up developing 'during the event (blowdown tests)

iodine transport within the containment and containment leakage during
and after blowdown

- component behaviour under post-accident conditions

and was accordingly divided into three parts. The blowdown tests were con-
sidered to be the most vital part of the program. The other two parts of
the program were more or less of a subordinate character.

The work was performed as a joint project between organizations in Den-
mark, the Federal Republic of Germany, Finland, Norway, Sweden and the Uni-
ted States of America. The framework and rules of the project were governed
by a multilateral agreement set up between the parties. A project board was
nominated by the signatory parties in order to decide on the project perform-
ance within the frames given in the agreement. Matters outside these frames
had to be considered and decided upon by the signatory organizations. A
technical advisory committee was established to review and recommend upon
technical questions related to the experimental program. The project staff
was recruited from the various sponsoring countries. AB Atomenergi being the
host organization was responsible for all the activities of the project and
acting under Swedish law and regulations.

The preparatory work at the site was started in December 1971. The
experimental phase was begun in July 1972 and terminated in April 1973.
Work on the final report series continued until the beginning of 1975 and
the project was terminated in May 1975. The final report series comprises
some 59 reports which give a detailed description of the various programs
and their results. The cost of the project was 9 MSwKr.



A second series of nine full scale containment response tests designated
MX-II was performed at Marviken, in 1976. These new experiments were supple-
mentary to the first series of sixteen tests and were mainly oriented
towards studies of oscillatory phenomena inside the PS-containment. Speci-
fically, the objective was to provide information on pressure oscillations
in the vent system and in the wetwell water pool under different conditions.

This project work was also performed on a multinational basis. Coopera-
tors in the MX-II project were the Federal Republic of Germany, Finland,
France, Japan, the Netherlands, Norway, Sweden and the United States. The
preparatory work started in February 1975 with the installation of a signi-
ficantly enlarged measurement system compared to that in the MX-I project.
Thus the experimental phase started in February 1976 and was terminated
during October 1976. The final reporting work is scheduled to result in 18
reports and will be terminated during March/April 1977. The project budget
is 15.5 MSwKr.

A third series of test is now under preparation at the site. This pro-
gram is aimed at studying critical flow in comparatively short tubes with
large diameters. For this purpose the ratio of L/D is planned to vary between
1 and 3 during the course of some 35 tests. The experimental' phase is due
to start in late 1977 and to continue for roughly eighteen months. Editing
of the final reports will take further half year so that the project
should terminate during 1979. The total budget including contingencies is
28 MSwKr. Negotiations with the cooperators in the MX-II project for partic-
ipation in MX-III are well under way and will most probably be completed
during the early part of 1977.

The last full scale experiment which is projected is the full scale
testing of isolation valves for nuclear power plants. The critical flow
test facility will be slightly modified to permit testing of BWR as well as
PWR isolation valves. Slowdown periods oï up to 10 seconds are projected
with two-phase massflow of various compositions. The isolation valve tests
are mainly of a proof-type character but the facility will clearly be avail-
able for all kinds of development work within the limitations imposed by the
original design of the Marviken plant.

EXPERIMENTAL FACILITIES

The Marviken station was orginally built to operate as a boiling heavy
water direct cycle reactor with natural circulation. It offers many possi-
bilities for performing full scale safety studies of all the vital parts
such as the pressure vessel, containment structure, reactor internals,
auxiliary systems, safety systems, and various components. A brief descrip-
tion is given below of the two major facilities, the pressure vessel and
the containment, which are shown in cross section in Figure 1.

Pressure vessel

j The pressure vessel is 5.22 m in diameter and 21.5 m in height with a
I net volume, i.e. free water and steam space, of 418 m^. It is designed for
' a pressure of 57.5 bar and a temperature of 272°C.

The top and the bottom domes of the vessel are hemispherical in shape.
For the safety experiments the top dome is provided with a special cupola,
furnished with a penetration to allow for simulation of a break in the upper
part of the containment.

The central part of the bottom dome carries a large number of penetra-
tions for the feed water system, temperature control system, steam
outlets, spray cooling system, neutron flux meters, and refuelling channel.

The upper cylindrical part of the vessel is provided with penetrations
for lines, electrical instrumentation and control cables, emergency cool-
ing, and connections to three safety valves which are located in the upper
part of the containment.
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A new 800 mm penetration is provided within the bottom dome to facilitate
the critical flow tests and the isolation valve tests.

During the MX-I project the core superstructure was left more or less
intact inside the vessel. In order, however, to reduce the internal forces
in the vessel during the experiments, specifically the forces acting on the
moderator tank and the core superstructure, the openings in the moderator
tank and through the core superstructure were enlarged by removing some of
the boiler channels, all of the control rods, and all of the plugs at the
top of the superheater shroud tubes.

The system was heated electrically by means of internally sited elements.
For the MX-II project most of the internal components still remaining

inside the vessel were removed and a 5 MW electrical boiler was located out-
side the vessel and the containment.

Containment

The containment is of the pressure suppression type, i.e. it consists
of a dry space (drywell) divided into several chambers which surround the
pressure vessel, and a condensation volume (wetwell), which is connected to
the drywell by a vent pipe system.

The number of chambers assigned to the drywell is to a certain extent
arbitrary but is generally related to the size of the openings which
connect the various chambers. If, however, the original manner of identify-
ing the various spaces is adopted the drywell can be considered as contain-
ing a total of 13 rooms including the vent system.

The vent system consists of 4 channels which lead from the drywell and
are connected to a header located in the wetwell. A total of 58 pipes then
lead from the wet well to the water pool. ,

The normal depth of the pool is 4.5 m, giving a water volume of 560 m
and a free air space of approximately 1 400 m^. The vent is submerged to a
depth of 2.8 m below the pool surface. Transport of water from the drywell
is accomplished by a dr.ain pipe leading to the water pool. One-way valves
prevent the pressure in the wetwell exceeding that of the drywell by more
than about 0.25 bar.

The drywell and the lower part of the wetwell are lined with sheet
steel, welded onto horizontal support rings. The upper walls of the wetwell,
which are normally in contact with air, are lined with epoxy plastic,
reinforced by fibreglass.

The containment is provided with a spray cooling system for the removal
of heat after an accident. The spray water for this purpose is taken from
the wetwell water pool and distributed at different levels in the contain-
ment at a delivery rate of some 60 kg/sec. The two coolers have a 10 MW
capacity.

In the event of the most unfavourable pipe rupture the maximum pressures
should not exceed the design pressures, which are 4.1 bar for the drywell
and 3.3 bar for the wetwell. A rupture disc which prevents this is installed.

Data Acquisition System

During the test data are recorded by a double system comprising a process
computer with a low scanning rate and a PCM system with a high scanning
rate.
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Process computer f

The process computer system which is used is a 1OK and/or a 32K Varian
computer connected to an A/D converter and multiplexer unit with a 256
channel capacity. The scanning rate per channel is 10 Hz and the digital
data, in the form of 16 bit words, are buffered directly onto magnetic
tapes for subsequent treatment.

PCM system

The PCM-system (manufactured by Johne and Reilhofer, West Germany) con-
sists of 23 (TM8K10) modulators, two demodulators (TD8K10) and a time code
generator/receiver (ZEG 16). Digital data, in the form of 10 bit words, are
stored on two, 14 channel recorders (Ampex 2200 FM).

The system has been used with the FM-recorder running at a tape speed of
15 ips and 8 channels (maximum) per modulator to give a total scanning rate
of 952 Hz per channel on 184 channels (23 x 8).

The input signal frequency is limited by a 200 Hz low pass filter. It
is possible to vary the scanning rate by varying the speed of the FM-tape
and/or the number of channels connected to a modulator.

TEST RESULTS

A summary of test results from the MX-I project is given below. In addi-
tion preliminary indications of the trends and relationships suggested by
data from- the MX-II project are put forward. The direct application of the
data obtained from the MX-II project did not lie within the scope of the
project. The theoretical work and modeling was left to the signatory organi-
zations.

The MX-I project

An account of the MX-I project is available as a final report series
called "The MXA-reports". These can now be obtained from any of the sponsor
organizations or directly from AB Atomenergi, Sweden.

The Slowdown Program

The conclusions drawn in the final report [1] suggest that the following
statements are justified.

(1) The maximum and differential pressures experienced in the containment
lay below design'values, even though the severity of the test condi-
tions exceeded those of the design basis accident.

(2) Condensation in the wetwell pool was virtually complete in all tests.

(3) Heat transfer by steam condensation on structures in the drywell was
more significant than had been expected prior to the experiments,
thus confirming conservative practices. Heat absorption in the in-
strumented concrete blocks located in the drywell was governed pri-
marily by conduction through the concrete.

(4) Location of the break can influence the air carry-over and water carry-
over to the wetwell.
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(5) The pressure increase in the wetwell airspace was governed by the tran-
sport of air from the drywell to the wetwell while the effects of the
flew of steam and water to the wetwell pool were of secondary impor-
tance .

(6) Two maxima were found in the pressure difference between the drywell and
wetwell; the first maximum was associated with the vent clearing tran-
sient, while the second maximum occurred as the steam flow in the vent
system reached its highest value.

(7) Pressure differentials accross walls in the drywell exhibited maxima
within the first second after the break.

(8) Maximum drywell temperatures were normally equal to the saturation
temperature corresponding to the measured pressure.

(9) Non-uniform conditions were measured within the wetwell pool and in
the wetwell airspace.

(10) Simplifications used in most analytical models had the effect of pre-
dicting more severe conditions than those actually measured, thereby
demonstrating overall conservatism in the practice of containment
analysis.

Iodine Transport and Containment Leakage

A summary of the main results of the Iodine Transport and the Contain-
ment Leakage program related to reactor safety is presented below [2].

(1) Air-borne methyl iodide was partly transferred to the water phase,
largely because of steam condensation. The uptake in water attained
roughly 75 % of the injected amount, depending upon the test condi-
tions. Comparatively large transients and spatial gradients in the gas
phase concentrations were also observed, depending upon the mode of
injection and blowdown conditions.

(2) The calculated leakage rate of methyl iodide in relation to the injected
amount tended to be lower than that of xenon. This difference is, in
part, accounted for by the removal of the iodine from the drywell air
space.

(3) Two containment leak tests were performed to compare the isotope method,
using the tracer 13^Xe, with the absolute method. The tests were per-
formed under dry and static conditions at overpressures of about
0.5 bar. This comparison demonstrated a 30 - 50 % higher leakage for
the isotope method. The isotope method thus seems suitable, but it
requires a specific layout of the nuclear power station.

(4) In most of the blowdown runs the leakage rate of xenon increased with
time during the whole experimental time, which was up to 3 hours. The
reason for this increase, which might be a true effect, is not clear.

(5) In two runs, conducted with the addition of large quantities of elemen-
tal iodine, a fast and almost complete removal of the air-borne iodine
was observed. It is therefore concluded that the leakage rate of iodine
had been extremely small. The rate of removal was calculated indirectly
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and even without spraying a half-life of approximately two minutes was
found. The desorption of iodine from the water phase or structural
surfaces during a sampling period of about 4 hours was negligible.

Component Behaviour

This program was carried out in order to demonstrate how a small selec-
tion of components and material withstood the athmosphere generated by blow-
down conditions. Most of the components tested were left inside the con-
tainment during and between the tests. Thus for some days before and several
days after each blowdown they were exposed to an atmosphere with a high
humidity and high temperature.

As regards electrical and mechanical components the following conclu-
sions are reffared from the final reports [3].

(1) Protection_against_moisture. This aspect must be given serious considera-
tion. The observed malfunction of the components can be attributed
largely to moisture residing in the equipment, especially in items such
as terminal boxes. If the moisture cannot be drained of if, then covers,
gaskets, penetrations etc must b.s made to a very high standard. The
corrosion aspect must also be borne in mind.

(2) Influence of temperature. The increasing general use of plastic materials
makes it apparent that the thermal stability of the materials must be
considered, especially in connection with the influence of moisture.

It must be borne in mind that the heating of a component can create over-
pressure in enclosed cavities. This can lead to rupture with a malfunc-
tion as a consequence.

Some components, such as pressure swiches, function on the principle
that the ambient pressure is compared with the pressure in a closed
volume inside the instrument. Accordingly if a temperature rise in the
component creates an overpressure in the reference volume, an erroneous
signal will be generated. Since changes in temperature are time-dependent,
the error will vary with time. If necessary, this type of error can be
avoided by keeping the component at a constant temperature by means of
water cooling.

Hydraulic circuits may be sensitive to a rise in the temperature of the
oil contained in pipes and resevoirs. Changes are therefore to be ex-
pected in the viscosity and consequently in the flow resistance, control
characteristics etc.

(3) Pressure_fluctuations. Account must be taken of variations of pressure,
especially in the case of components with large, flat surfaces. Sec-
ondary effects must also be considered, such as pumping effects under
fluctuating pressure and the generation of forces that impel moisture
and dust inwards to a component as a result of external overpressure.

Tests on some terminal boxes indicated that the functioning of electri-
cal components can be improved by making drainage holes to let out condensed
water. It is recommended that this procedure should be tested out, e.g. on
an electrical motor.

As regards insulation material, it is recommended that measures should
be taken to prevent the blocking of sieves and of spray nozzles in the con-
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tainment systems, by material that has been washed down into the condensa-
tion pool and then circulated through the containment spray system.

The MX-II project

As pointed out above consideration of how the data from the MX-II
project are to be applied is not the concern of the multinational project.
Different organizations within the participating countries will be respon-
sible for this task. The concern of the project is limited to the generation
and reporting of test data. Sinc<2 the number of data generated reaches
almost half a billion it i<5 evident that a thorough analysis is not a
simple task but must be the subject of a major effort on the part of the
participants.

Nevertheless, it is possible to discern some trends and relationships
from a brief analysis of the data recorded during the various blowdown runs.

Thus, an increase in the specific mass flux into the wetwell pool
resulted in a higher fundamental frequency with a practically unchanged
amplitude. Furthermore sharp pressure peaks, referred to as pressure spikes,
appeared at high mass fluxes. Larger and more frequent pressure spikes
followed upon a reduction of the concentration of air in the vent flow.

A reduction of the pool mass, achieved either by lowering the pool
level or installing the partition wall, resulted in oscillations with lower
amplitude at the fundamental frequency and smaller pressure spikes. It
should be pointed out that these parameter changes were accompanied by a
more rapid rise of the wetwell pool température than is normally experienced. j

Finally, in two experiments a special attempt to detune the vent system !
was made by blocking two of the four downcoriers. This had the effect of I
lowering the fundamental frequency and increasing the amplitude of the
oscillations.

On the whole, the second series of tests confias the findings of the
first as regards the pressure suppression containment system. Thus, it is
clear that a system based on a water pool has considerable ability to receive
high levels of mass and energy at varying rates, condense the steam and
control the containment pressurization with a good margin of safety.
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Fig 1 . Cross section view
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