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In recent years, a new boiling water reactor (BWR) plant called the SWR 1000 has
been developed by Siemens on behalf of Germany's electric utilities. This new plant
design concept incorporates the wide range of operating experience gained with Ger-
man BWRs.

The main objective behind developing the SWR 1000 was to design a plant with a rated
electric output of approximately 1000 MW which would not only have a lower capital cost
and lower power generating costs but would also provide a much higher level of nuclear
safety compared to plants currently in operation.

This safety-related goal has been met through, for example, the use of passive safety
equipment. Passive systems make a significant contribution towards increasing the over-
all level of plant safety due to the way in which they operate. They function solely accord-
ing to basic laws of nature, such as gravity, and perform their designated functions with-
out any need for electric power or other sources of external energy, or signals from in-
strumentation and control (I&C) equipment.

The passive safety systems have been designed such that design basis accidents can be
controlled using just these systems alone. However, the design concept of the SWR 1000
is nevertheless still based on the provision of active safety systems in addition to passive
systems.

The passive safety systems of the SWR 1000 mainly consist of the following:

- Emergency condenser system

- Containment cooling condenser system

- Passive flooding system

- Passive pressure pulse transmitters.
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Emergency Condensers
The emergency condensers (ECs) are tubular heat exchangers provided for passive
heat removal from the reactor pressure vessel (RPV). In the event of an accident, they
transfer decay heat still being generated in the reactor, as well as any sensible heat
stored in the RPV, to the water of core flooding pools. There is therefore no longer any
need for a high-pressure coolant injection system. In addition, the ECs also provide a
means for reactor depressurization that is diverse with respect to the safety-relief valves
(SRVs).

The EC system comprises four separate subsystems which together provide a rated
heat-removal capacity of 4 x 56 MW at a reactor pressure of 71 bar. Each subsystem
consists of a steam line from the RPV, the condenser tubes and a condensate return
line equipped with an anti-circulation loop that leads back to the RPV.
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Fig. 1: Emergency condenser

All EC subsystems are connected to the RPV by non-isolatable lines. They come into
operation as soon as the water inside the RPV has dropped to a certain level. The ECs
are not in action during power operation since the condenser tubes are located at an
elevation below that of the normal reactor water level and are filled during this time with
cold water. This prevents any reactor steam from entering the tubes and being con-
densed, thus transferring heat to the pool water. Also, the anti-circulation loop prevents
any hot reactor water from flowing out of the RPV into the condensate return line.

Steam from the RPV only starts to flow into the condenser tubes when there has been
a certain drop in reactor water level. The steam then condenses inside the tubes, thus
transferring heat to the water of the core flooding pools. The resulting condensate flows
by gravity down the return lines into the RPV.

The components of the EC system have been successfully tested in a full-scale mock-
up at Germany's Julich Research Center. The tests verified the reliability of both the
EC's passive operating principle and its heat-removal capacity.
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Containment Cooling Condensers

The function of the containment cooling condensers (CCCs) is to remove residual heat
from the containment to the shielding/storage pool located above the containment upon
failure of the active residual heat removal (RHR) system. In this way, they provide for
long-term passive heat removal from the containment, the objective being to keep the
pressure levels inside the containment as low as possible.

The CCC system is divided into four separate subsystems, each assigned to one of the
core flooding pools. Each subsystem comprises a supply line, a supply manifold, the
monotonically upward-sloping tubes of the actual heat exchanger, a return header and
a return line.

The CCCs are installed in the air space above the surface of the water of the core
flooding pools and are connected to the shielding/storage pool via their supply and re-
turn lines. Since the ends of the supply and return lines in the shielding/storage pool are
completely submerged, the entire CCC is filled with water. In order to guarantee that the
CCCs operate completely passively, the supply and return lines connecting them to the
shielding/storage pool contain no shutoff valves.
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Fig. 2: Containment cooling condenser

The CCC system also includes four hydrogen overflow lines which connect the space
inside the drywell above the CCCs to the pressure suppression pool. The main function
of these overflow pipes is to enable hydrogen generated during a postulated core melt
accident by zirconium-water reactions to flow out of the drywell and down into the sup-
pression pool. This prevents heat transfer at the CCCs from being impaired by the
presence of noncondensable gases in the air space above the core flooding pools.

In the event of an accident resulting in a rise in containment temperature due to a re-
lease of steam into the drywell atmosphere, condensation of the steam on the outside
of the condenser tubes heats up the water inside the tubes. Some of the water in the
tubes even evaporates. Heatup of the tube water and its partial evaporation cause a
reduction in fluid density, and the water - or two-phase mixture - rises up through the
tubes and the return lines into the shielding/storage pool. At the same time, cold pool
water enters the CCCs through their supply lines. In this way, an efficient passive cool-
ing circuit is established.
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The operating principle of the CCCs has been successfully verified by tests conducted
in a full-scale mock-up at the PANDA test facility of the Paul Scherrer Institute in
Wurenlingen (Switzerland).

Passive Flooding System
The function of the passive flooding system is to supply water from the core flooding
pools to the RPV in the event of a loss-of-coolant accident accompanied by failure of
the active RHR system. The flooding system comes into action by entirely passive
means as soon as the requisite low-pressure conditions have been reached in the RPV.
Activation by the reactor protection system is not necessary.

The passive flooding system likewise comprises four separate subsystems, each as-
signed to one of the four core flooding pools and the pool's respective EC. Each sub-
system is equipped with a core flooding line that joins the core flooding pool to the out-
let header of its EC. A check valve designed for spring-assisted opening is installed in
the flooding line. The pressure on the inlet side (flooding pool side) of the check valve is
equivalent to the pressure of the containment (drywell) atmosphere plus the hydrostatic
pressure of the water in the core flooding pool. On the outlet side (RPV side) the valve
is exposed to reactor pressure.
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Fig. 3: Passive flooding system

During power operation, the pressure on the RPV side is much higher so that the valve
disk is firmly pressed against its seat, keeping the check valve in its closed position.
When the pressure in the RPV decreases, the valve seating force also decreases. As
soon as this force reaches zero, the valve opens.

Since opening of the valve is spring-assisted, the reactor pressure prevailing at the time
when the valve opens is still slightly higher (by approx. 2.5 bar) than the pressure in the
core flooding pool. For this reason, steam initially flows from the RPV through the flood-
ing line into the core flooding pool. Therefore, at this point in time, the effect of the pas-
sive flooding system is the same as if an additional SRV had been opened, and reactor
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pressure therefore decreases at a faster rate than before. When the pressure in the
reactor and that in the core flooding pool have reached equilibrium, the flow in the
flooding line reverses and cold pool water starts to flow by gravity down into the RPV.

The operating principle of the passive flooding system has also been extensively
tested.

Passive Pressure Pulse Transmitters

The passive pressure pulse transmitters (PPPTs) of the SWR 1000 are designed to
automatically initiate safety-related switching operations without any need for electric
power, other sources of external energy or I&C signals. They are used, for example, to
activate the following safety functions:

- Reactor scram

- Containment isolation

- Automatic depressurization.

A PPPT is a small heat exchanger connected to the RPV via non-isolatable lines. When
the water inside the RPV is at the normal level, the primary side of the PPPT contains
reactor water and heat transfer does not take place. However, if the reactor water level
should drop, the water drains from the primary side and it becomes filled with reactor
steam which then condenses. The heat absorbed by the water on the secondary side
causes some of this water to evaporate, thereby increasing the secondary-side pres-
sure. When this pressure reaches a certain level, safety functions are automatically and
passively activated using diaphragm-type pilot valves.
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Fig. 12: Passive pressure pulse transmitter

In addition to this type of PPPT, which is designed to operate upon a drop in reactor
water level, there is also another PPPT design variant which operates when the reactor
water level rises. In this PPPT the secondary side is not heated by steam but by hot
reactor water which enters the PPPT from below when the water level inside the RPV
starts to rise. This design is used for preventing the reactor water level from rising
above the elevations of the main steam nozzles.

The PPPTs function entirely independently and therefore provide diversity with respect
to active safety I&C equipment. Their integration into the systems of the plant is



planned such as to ensure that spurious operation of a PPPT cannot result in a safety
function being inadvertently activated but that failure of a PPPT likewise cannot prevent
a safety function from being initiated.

This brand new component has also been successfully tested in the emergency con-
denser test facility at the Julich Research Center.

Conclusion
The passive safety systems are a major feature of the SWR 1000 and contribute sig-
nificantly to raising the overall level of plant safety. They make use of basic laws of na-
ture and dispense completely with active components. The result is a group of ex-
tremely simple systems that operate highly efficiently without any need for electric
power or activation by safety I&C equipment. This passive equipment is capable, all on
its own, of controlling every kind of accident postulated to occur during power operation
of the plant.

W


