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Abstract

We have various methods for sodium removal; an alcohol cleaning process, a steam
cleaning process and a direct burning process. Sodium removal by the alcohol process has a
lot of advantages, such as causing no alkali corrosion to steel, short processing time and easy
operation. Therefore the alcohol process was selected for the lMWt double wall tube straight
type steam generator. We have already had some experiences of the alcohol process, while
still needed to confirm the sodium removal rate in the crevice and to develop an on-line
sodium concentration monitoring method in alcohol during sodium removal. We have
conducted the small scale sodium removal test with flowing alcohol where the sodium removal
rate in the crevice and the alcohol conductivity were measured as functions of sodium
concentration in alcohol and alcohol temperature. The sodium removal of the DWTSG was
conducted by the devised alcohol process safely and efficiently. The process hour was about
1 day. Visual inspection during dismantling of the DWTSG showed no evidence of any
un-reacted sodium.

1. INTRODUCTION

The lMWt double wall tube straight type steam generator.(DWTSG) Dlwas tested in
sodium for about 8000 hours at the lMWt Steam Generator Test Facility (1MWSGTF). The
DWTSG has 10 heat transfer double wall straight tubes, the height is about 22 meters,
diameter is about 0.3 meters and heat transfer tube material is ferritic steel (Mod. 9 Cr-1 Mo).
The operation temperature was from 200 deg-c to 540 deg-c, sodium impurity was controlled
by a cold trap and its temperature was kept under 120 deg-c.

The test included steady state heat transfer performance, transient response and leak
detection performance. After the test in sodium, material examination was planned to evaluate
the performance of double wall tube such as contact pressure between inner and outer tube,
strength, surface condition etc.

Several sodium removal processes PI were examined and an alcohol process was
selected from the view point of causing no damages to materials. The alcohol process has
been applied to remove sodium for various components but it is generally difficult to remove
crevice sodium completely. Another problem was that during the sodium removal operation,
sodium concentration was monitored by neutralization of alcohol periodically and no on-line
monitoring methods were available.



The following investigations were carried out prior to the DWTSG sodium removal
operation: (1) reaction rate in crevice, (2) alcohol conductivity for monitoring sodium removal
process.

2. SODIUM REMOVAL TEST IN CREVICE

2.1 Test objective

Prior to initiation of the DWTSG sodium removal, several laboratory scale tests were
conducted to confirm the sodium removal process and to determine process parameters. It
could be expected that sodium in the crevices would not be drained because of surface tension
effects, the two sections would be identified. The one was at the gap between heat transfer
tube and baffle plate and the another was at the thermal shield for upper and lower tube sheet.
Three thermal shield plates were installed to protect upper and lower sodium side tube sheets
from thermal transients and the spaces between shield plate were 10 to 20 mm that were
rather larger than the gap space of 0.1 mm between the tube and baffle plate. The objectives
of the test were to obtain the reaction rate in the crevice that simulate the gap between tube '
and baffle plate of the DWTSG.

2.2 Test loop

Figure 1 shows the test loop that was used for the sodium removal test and
conductivity measurement. The test loop consisted of an alcohol fill tank, a circulating pump,
test vessels made of glass, a heater and cooler as alcohol temperature controller and alcohol
vapor condense system. The alcohol volume was about 20 liter. Alcohol conductivity, flow
rate and temperature and flammable gas concentration were measured. It was expected that
the temperature rise and hydrogen evolution during sodium removal were small because the
weight of residual sodium was relatively small, so heat and hydrogen evolution were not
measured. The main composition of alcohol is ethyl and the rest is iso-propyl alcohol.

A test specimen was placed into the test tank and alcohol was circulated at various
temperatures. We had two kinds of test specimens. One simulated the tube and baffle plate
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Figure 1 P & I drawing of the alcohol circulation
test loop

Figure 2 Test section of tube-baffle plate



made of steel and another was parallel plates with sodium filled gap and made of glass to
observe reaction rate visually. Figure 2 shows the test specimen that simulated the shape and
size of the DWTSG, consisted of tube, bush-ring and baffle plate. These specimens having
0.1 to 1.0 mm gap were reacted with alcohol. These specimens were immersed in the liquid
sodium to fill sodium in the gap for 24 hours. During the test, alcohol temperature and flow
rate were kept constant. The alcohol temperature was 10 deg-c. Sodium flow rate was 5
liter/min that was much the same as the sodium speed in the DWTSG.
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Figure 3 Test results of sodium dissolution
in crevice

2.3 Test results
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Figure 4 Sodium dissolution depth as a function of
crevice width

Figure 3 shows the sodium dissolved weight in alcohol. The rapid increase in the
dissolved weight during the first 10 minutes was caused by sodium dissolution from the
surface of the specimen. The sodium dissolution depth was 1.0 and 2.0 mm at 10 minutes and
20 minutes after initiation of the test respectively. No further weight increase was observed
after 40 minutes of the alcohol circulation. Photograph 1 shows the test specimen made of
glass in alcohol from the initial to 110 minute after insertion into alcohol.

Figure 4 shows the sodium dissolution depth as a function of crevice width. The
crevice over 0.5 mm width was cleaned quickly at the constant sodium removal rate. The
dissolution rate was about 0.1 mm/min. When the gap width is smaller than 0.5 mm, the
dissolution rate was influenced by the gap width. It was 0.05 mm/min and 0.07 mm/min for
0.1 and 0.2 mm gap width respectively. The DWTSG gap having about 0.1 mm width and 3.2
mm length suggested that sodium in the crevice could be removed within 100 minutes.

3. CONDUCTIVITY MEASUREMENT TEST

3.1 Test condition

Several monitoring methods were used for the progress monitoring of the sodium
removal; a neutralization of alcohol, a hydrogen meter, a pressure meter in cover gas. The



sodium concentration measurement method by neutralization is accurate, but it takes long
time. The sensitivities of hydrogen concentration measurement in cover gas as well as the
measurement of gas pressure were not good enough at normal condition. The conductivity
meter has enough sensitivity and can be used as an on-line monitoring method, although the
conductivity is influenced non-linearly by both sodium concentration and alcohol
temperature.

The conductivity of alcohol was measured by using the same test loop as described
before. The electrode and electromagnetic induction type conductivity meters were used. In
this test, sodium was immersed in the test tank and alcohol was circulated with measuring the
alcohol conductivity. The conductivity of alcohol is a function of both sodium concentration
in alcohol and alcohol temperature. The objective of this test was to obtain the relation
between the conductivity and sodium concentration in alcohol as a function of alcohol
temperature or temperature gradient. The alcohol temperature was from 10 to 50 deg-c and
sodium concentration was from 0 to 5 %.

3.2 Test results

Figure 5 shows the relation between the conductivity and sodium concentration in
alcohol. Increasing the alcohol temperature increased the conductivity and increasing the
sodium concentration increased the conductivity and the conductivity reached plateau at
about 2 to 4 % sodium concentration. A further increase of sodium concentration degreased
the conductivity. While the sodium concentration was less than 2 %, the conductivity
increased monotonously.

Figure 6 shows the conductivity change as a function of alcohol temperature based on
the same data in Figure 5. An increase of sodium concentration increased the conductivity
gradient to the alcohol temperature and the conductivity gradient was constant at the same
sodium concentration. After the conductivity reached plateau at about 2 to 4 % sodium
concentration, the sodium concentration did not influence the gradient to the alcohol
temperature. Figure 7 shows the temperature gradient of the conductivity. The temperature
gradient of the conductivity was derived by least mean square method and the regression
equation was expressed by third order polynomial.
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Figure 6 Relation between conductivity
and alcohol temperature



"^O.l

E

• I 0.08

I 0.04
o.i

2 3 4

Sodium concentration in alcohol (wt%)

0.01

Figure 7 Temperature dependence of the
conductivity

0.01 0.1 1 5

Sodium concentration by neutralization method (wt%)

Figure 8 Comparison of sodium concentration
by conductivity and neutralization method

The sodium concentration calculated from the derived equation was compared with
the concentration by the neutralization method. Figure 8 shows the comparison of sodium
concentration by the conductivity with that by the neutralization. The difference is within
0.01 to 5 %. The maximum error was observed at 0.01 % low sodium concentration. From the
practical view point, the accuracy of the sodium concentration calculated from the
conductivity was good enough for the usage of sodium removal process on-line monitoring.

4. DWTSG SODIUM REMOVAL

4.1 Description of the test facility

Sodium removal of the DWTSG was performed in place at the 1MWSGTF The
sodium inlet and argon gas release pipes which were located top of the DWTSG and sodium
exit and drain pipes which were located at the bottom of the DWTSG were cut and connected
to the alcohol circulation loop.

The P & I drawing of the sodium removal system is shown in Figure 9. The sodium
removal system consisted of an alcohol tank with pressure relief system, an alcohol
circulating pump, an alcohol piping and valves and a vacuum pump. An alcohol condenser at
hydrogen gas release system was used to prevent alcohol from releasing to the air. Alcohol
flow rate, an alcohol conductivity, sodium and gas pressure, nitrogen gas flow rate, hydrogen
and oxygen concentration in gas and alcohol temperature were measured. Argon and nitrogen
gas were provided from the utility of the 1MWSGTF. The feed water system was operated
during the sodium removal. Feed water was circulated through the inner side of tubes and the
alcohol temperature was controlled by controlling feed water temperature.
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Figure 9 P & ID of 1MWSG sodium removal system

The DWTSG length was about 22 m and the shell diameter of the heat transfer area
was about 0.3 m. The SG had 10 double wall straight heat transfer tubes and 3 dummy tubes
made of Mod. 9 Cr-1 Mo steel. The material of other parts was 2 1/4 Cr-1 Mo steel. The
DWTSG was operated for about 8000 hours and planned to examine the material test.

4.2 Removal process

At first, the all system was filled with nitrogen gas and vacuumed to remove oxygen
from the system then alcohol was filled to the tank from an alcohol tanker, and alcohol was
circulated through the loop by the circulating pump. Circulation was continued for 5 hours at
15 deg-c alcohol temperature to reduce the sodium-alcohol reaction rate. During the alcohol
circulation, alcohol conductivity was measured continuously and alcohol samples were
obtained and analyzed to yield sodium concentration by neutralization method. The evolved
hydrogen from sodium-alcohol reaction was trapped in the alcohol tank. About 5 hours after
circulation, both the conductivity and sodium concentration reached plateau. The feed water
temperature was then increased to 40 deg-c to increase sodium-alcohol reaction rate. This
condition was kept for 19 hours, then the alcohol circulation was stopped. During this
circulation, there were no significant increase in sodium concentration.

4.2 Results

The internal temperature change of the DWTSG is shown in Figure 10 at the initial
filling of the DWTSG with alcohol. The initial temperature at various elevations was at a
uniform temperature of 10 deg-c and sharp increase and drop within temperature of 5 deg-c
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was observed. It was expected that this temperature change was resulted from heat
generation of sodium-alcohol reaction at the surface of the thermocouples and cooling effect
by thermal capacity of alcohol and the feed water. The alcohol filling level was detected by
this temperature change.

Figure 11 shows the alcohol and water temperature during the sodium removal. The
temperature was changed as above mentioned. Figure 12 shows the conductivity and Figure
13 shows the sodium concentration and dissolution weight during the alcohol circulation. The
total amount of sodium reacted during the alcohol circulation was 0.77 kg based on
neutralization method and 0.85 kg calculated from the conductivity data. The increase of the
gas pressure in the alcohol tank was about 20 kPa (g) in the first 30 minutes of alcohol
circulation.
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Figure 12 Alcohol conductivity change Figure 13 Sodium dissolution weight measured by
neutalization method

After stopping the alcohol circulation, nitrogen sparge gas flow was initiated and
hydrogen in the tank was released together to the air with monitoring hydrogen concentration
below 2 %. Then the alcohol was drained from the tank and the DWTSG was dried by
flowing nitrogen gas.



5. DISMANTLING THE DWTSG

Following the sodium removal, the DWTSG was removed from the 1MWSGTF and
moved to another location for dismantling. Photograph 2 and 3 show the upper thermal shield
plates and a baffle plate with tubes respectively. During the dismantling, visual inspection of
internal surfaces showed no existence of sodium and no damage of the tube surface resulted
from sodium removal by alcohol was observed.

6. CONCLUSION

Prior to the sodium removal of the DWTSG, the reaction rate in sodium in the crevice
with flowing alcohol was obtained and the reaction rate indicated that sodium in the crevice
could be removed within 100 minutes.

The relation of alcohol conductivity and sodium concentration as a function of alcohol
temperature was obtained. The accuracy of the sodium concentration calculated from the
conductivity was good enough for the usage of sodium removal process on-line monitoring.
To obtain the accurate sodium concentration, measuring the conductivity and alcohol
temperature was required.

A temporary sodium removal system was installed and the residual sodium was
removed by flowing alcohol while the DWTSG remained located in place at the 1MWSGTF.
A total of 0.77 kg of sodium was estimated to have been removed during the process.

Visual inspection of internal surfaces showed no evidence of the presence of any
un-reacted sodium, even in crevices.

The flowing alcohol process used for sodium removal from the DWTSG proved to be
very safe and highly effective and required very short time. The same system shown in Figure
14 is placed at the sodium processing facility and used for various components sodium
removal. The alcohol inventory in the alcohol tank is 3 m3, so the sodium removal by this
cleaning system is limited to somewhat medium size components.



Figure 14 Small Scale Alcohol Cleaning system
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Photograph 1 Sodium removal test of the crevice

Photograph 2 Tube bundle and baffle plate othe DWTSG after sodium removal by alcohol

Photograph 3 Tube and thermal shield plate of the DWTSG after sodium removal by alcohol
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