Basic Design Information for Boiling Water Reactors — BWR3 & BWR4
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A boiling water reactor (BWR) uses steam generated in the reactor to directly supply the turbine, unlike a pressurized
water reactor (PWR) that has steam generators where the steam is generated. There are different designs of BWRs in
operation, however, they all use steam generated in the reactor to directly supply the turbine generator to create
electricity. The BWRs at Fukushima-Daiichi are of the BWR 3 (unit 1), BWR 4 (units 2, 3, 4, & 5), and BWR 5 (unit 6)
designs. BWR 3 and BWR 4 designs have a Mark | containment system.
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BWR3 & BWR4 — Containment Configuration, typical for Fukushima-Daiichi Units 1, 2, 3, & 4

The Mark | Containment,
shown here, consists of a
drywell housing the reactor
vessel and associated
equipment, and a toriodial
shaped wetwell. The
Containment includes both
the drywell and wetwell and
is comprised of a steel liner
with a surrounding concrete
structure. A secondary
containment structure, or
reactor building, surrounds
the primary containment.
The reactor building is
maintained at a slight
negative pressure during
normal operations. The top
most part of the reactor
building houses the refueling
floor. The spent fuel pool is
located within the reactor
building. The explosions in
Fukushima-Daiichi unit 1
occurred in the upper part of
the reactor building in the
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Fukushima Daiichi:
Location of Explosions in
Units 1 and 3, location of
fires in Unit 4. The
explosion in Unit 2
occurred somewhere in
the reactor building near
the suppression
chamber.

spent fuel pool. In this location of the reactor building, the outer shell is typically made of sheet metal panels. At unit 3,
the initial explosion was in the same area. At unit 2, the explosion occurred lower in the reactor building, near the

suppression chamber.
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BWR3 & BWR4 — Typical Reactor Vessel and Internals Configuration
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Figure 6.1-2 Reactor Vessel {BWR/3 or BWR/4)
Source: U.S. NRC — Boiling Water Reactor GE BWR/4 Technology Advanced Manual Chapter 6.0
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BWR3 & BWR4 — Typical Reactor Core Isolation Cooling System

The RCIC system uses steam generated in the
reactor from the decay heat to power a turbine
driven pump. The pump is supplied with water
initially from a condensate storage tank (CST).
The water for the CST is injected into the core
through the feedwater line. Once the CST is
drained, the suction of the RCIC pump is
switched to the suppression pool where there is
another large source of water. It appears that
this system provided decay heat removal for
about 7 hours after the reactors where shutdown
following the earthquake. Typically, electrical
power for the motor operated valves is provided
by onsite batteries.
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Another concern is the buildup of pressure within conTr

the reactor vessel due to the increase in
temperature from reduced cooling water flow. As I
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uncovered. Once the fuel is uncovered, fuel ' : : m
damage can occur as a result of high  FEEDWATER N : |
temperatures and reactions between the cladding - -

(zirconium based metal tubes surrounding the

fuel pellets) and the steam being generated by - :

the decay heat. This cladding-steam reaction - : Figure 6.3-2 RCIC System (BWR/3/4)

also generates Iarge amounts of hydrogen' Source: U.S. NRC - Boiling Water Reactor GE BWR/R Technology Advanced Manual Chapter 6.0
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Fukushima-Daiichi Nuclear Power Plant Information

The pressure from the reactor vessel was relieved into the suppression pool. This caused the temperature of the water and
the pressure in the suppression pool to increase. However, without electrical power, there was no way to cool the water in
the suppression pool and the pressure inside the primary containment began to increase. In order to minimize the potential
for damage to the primary containment, the decision was made to vent the primary containment to the reactor building.
Normally, this venting would occur through the ventilation system to the standby gas treatment system and vented through
the site stack. However, it appears that the non-condensible gases and hydrogen were vented into the reactor building. In
units 1 and 3 the hydrogen collected in the upper portions of the reactor building. This resulted in the large explosions and
significant damage to the upper structures of the reactor building (secondary containment). In unit 2, it appears that the
hydrogen collected in the reactor building closer to the suppression pool and the explosion that occurred at unit 2 has likely
caused damage to the suppression pool and primary containment.

In order to begin to recover the level in the reactor vessels of units 1, 2, and 3, the decision was made to inject seawater into
the reactor vessels. This procedure is typically part of the emergency plans and is used when other sources of fresh water
are no longer available for cooling and inventory makeup. Injection of seawater into the reactor vessels of all three units
continues as a measure to provide cooling water to the fuel and to keep the fuel covered with water.

Based on the information that is available, it appears that there has been fuel damage at Fukushima-Daiichi units 1, 2, and
3. Further, there has been structural damage to the reactor buildings (secondary containment) at units 1, 2, 3, and 4. The
primary containment at unit 1 appears to be intact (no damage). However, it appears as a result of the explosions at units 2
and 3, damage to the primary containment (likely near the suppression pool) has occurred. Due to the fuel damage, there
have been increases in radiation levels within the plant boundary and significantly higher than normal radiation levels have
been detected offsite.

In addition to the concerns with the fuel in the reactors at units 1, 2, and 3, the fuel in the spent fuel pools (SFPs) at all 6 of
the units can be challenged if water is not put into the pools to make up the level as water is evaporated from the pools as it
cools the fuel stored there. With limited electrical power onsite, it is difficult to makeup water to the SFPs using normal
methods. Emergency measures to makeup inventory to the SFPs is further hampered by the extensive damage to the
reactor buildings and the high radiation levels. There is little information on the status of the SFPs of units 1, 2, and 3,
however, the fuel in these SFPs has had longer to decay than the fuel in the SFPs for units 4, 5, and 6 (which were in
outages and defueled — all the fuel in the SFP — before the earthquake occurred). The water level in the unit 4 SFP is very
low and fuel damage is suspected. The water level in the unit 5 and 6 SFPs is still covering the fuel, but the temperature of
the water is increasing. Efforts are in progress to add water to the SFPs to maintain the fuel covered.



Fukushima-Daiichi Nuclear Power Plant Information

Source: Tokyo Electric Power Company

16/03/2011 OECD Nuclear Energy Agency




	Diapositive numéro 1
	Diapositive numéro 2
	Diapositive numéro 3
	Diapositive numéro 4
	Diapositive numéro 5
	Diapositive numéro 6

