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Deaerating Operation during Startup Periods in Japanese BWRs
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Introduction
The IGSCC has been mitigated by application of effective countermeasures on water chemistry

environment. Hydrogen water chemistry (HWC) has been implemented to reduce the reactor water dissolved
oxygen concentration and electrochemical corrosion potential (ECP) during plant operation to reduced crack
growth rate of in sensitized stainless steel. But the HWC has not been implemented during startup periods. The
crack growth rate of sensitized stainless steel will increase obviously during startup period by increasing in
temperature under high dissolved oxygen conditions 1].

The deaerating operation has been applied routinely in Japanese BWRs to reduce reactor water dissolved
oxygen quickly and easily before plant startup 2,3]. The main condenser is vacuumed up before start in the
deaerating operation. The reactor is connected with the main condenser by opening the main steam bypass
valves or the main steam drain valves. The deaerating operation is started with keeping the reactor water
temperature about 70 to 90 degrees centigrade. The deaerating operation will come to an end when the reactor
water dissolved concentration will decrease below 200 ppb. This paper shows the procedure and actual results
of deaerating operation

Procedure of Deaerating Operation
There have recommended many deaeration procedures 4]. There shows the detail procedure of dearating

operation applied to Swedish BWRs [5]. In this procedure, dissolved oxygen is stripped of the reactor water by
blowing nitrogen gas through the reactor pressure vessel (RPV) before the start of nuclear heating. In this case,
the nitrogen gas enters via the core spray nozzle, which are uniformly distributed over the whole cross section
of the core. The reactor pressure vessel is vented via the power suppress wet -well to the off-gas system. The
nitrogen gas blowing method is required nitrogen gas and its disposal system because the exhaust gas may be
contaminated activity.

On the other hand there has been applying chemical deaeration methods, hydrogen injection called
hydrogen water chemistry (HWC). The HWC has achieved effective success to reduce the oxygen
concentration as very low concentration. The HWC has been applying many BWRs during plant operation
period. But the HWC has not applied during startup period. The startup operation period is under transient
conditions the reactor pressure and feed water flow rate change in succession. So, it is difficult to control
hydrogen injection as compared with normal and steady power operating condition.

The deaerating operation has been applied to Japanese BWRs before plant startup. The following shows
the concept of the deaerating operation procedure. Concepts of deaeration procedure and plant system line up
for the deaerating operation are shown in Figures and 2.
Step-1

• Increase the reactor water temperature up to 70 to 90 degrees to accelerate deaeration.
• Keep the reactor temperature around 70 to 90 degrees and never exceed 1 00 degrees.
• Vacuum up the main condenser and keep the vacuum.

Step-2
• Close the reactor vent valve.
• Open the main steam drain valves to connect the reactor and the main condenser.

Step-3
• Keep the reactor water temperature about 70 to 90 degrees centigrade and the main condenser vacuum
• Monitor the reactor water dissolved oxygen concentration.

Step-4
0 When the reactor water dissolved oxygen concentration reach below 200 ppb, the deaerating operation

comes to an end.
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If there are irradiated fuels in the reactor core, it is very easy to raise the reactor water temperature up to 70

to 90 degrees centigrade by the RHR (Residual Heat Removal) system flow control. When the RHR heat

exchange system is operated as bypass condition, the reactor water temperature will rise by the residual heat of

irradiated fuels. When there is any irradiated fuel or it is difficult to raise the temperature by the residual heat

from the irradiated fuel, the reactor water temperature can be raised easily to use joule heating by PLR and/or

RHR pump operation. In some cases, nuclear heating will be applied to raise the reactor water temperature

quickly.

Deaerating Operation Results before Startup

The deaerating operation is finished when the dissolved oxygen concentration is reach below 200 ppb. Figure

3 shows a typical example of deaerating operation data. The dissolved oxygen concentration has decreased

soon when the main condenser has vacuumed up. The deaerating operation can have accomplished within

about 0.5 to 3 hours. The deaerating operation time has a slight correlation among average reactor water

temperature and the dissolved oxygen concentration just before starting the deaerating operation (Figures 4 and

5). But there is little correlation between the deaerating time and the main condenser vacuum if the vacuum has

maintained below about 1 00 mmHg (Figure 6.
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Dissolved oxygen behavior during plant shutdown operation
The reactor water dissolved oxygen
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Conclusions
The deaerating operation has been applied routinely in Japanese BWRs as the standard operating

procedure. The deaerating operation will be finished when the dissolved oxygen concentration is reach below
200 ppb. The reactor water dissolved oxygen concentration can be reduced easily below 200 ppb before plant
startup. The deaerating operation can have accomplished within about 3 hours. The cleaerating operation time
has a slight correlation among the reactor water temperature and the dissolved oxygen concentration just before
start in the deaerating operation. But there is little correlation between the deaerating time and the main
condenser vacuum if the vacuum has maintained below about 100 mmHg and the reactor water temperature
has kept about 70 to 90 degrees centigrade.
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