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Introduc t ion 

The efficiency of steam separators in power station boilers 
is frequently determined by measuring the concentration of 
sodium in the condensed, saturated steam coming from the sepa
rators and in the boiler water. The ratio of the concentrations 
found gives a direct measure of the liquid carry over. These 
measurements are made using either flame emission spectrography 
or the specific ion electrode. Both these techniques have lower 
detection limits around 10"3 mg Na/kg and at these levels severe 
contamination problems are present. This means that if the 
efficiency is 99•999^ then the sodium concentration in the boiler 
water must be at least 10 mg/kg and unless special precautions 
are taken to eliminate contamination the concentration should 
be at least 100 mg Na/kg While these levels are frequently 
found in boiler water, when low solids water treatment is used 
the sodium levels should be below 10~ mg/kg and these methods 
are clearly not applicable. 

A request was received from officers of the New Zealand 
Electricity Department for consideration of the possibility of 
using a radioactive tracer for this measurement on a boiler at 
the New Plymouth Power Station. An efficiency of 99*99jt was 
specified. The water side of the boiler is stated to contain 
10^ kg of water which circulates around the boiler system at the 
rate of approximately 1.5 x 10 kg/hour. 

The Method 

The obvious choice of radioactive tracer in this case was 
sodium-2l» because of the close relationship to be expected 
between such a test and the standard method. One says expected, 
because although it is possible when concentrations change by 
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several orders of magnitude for the system to be upset by such 
things as tracer absorption, in this case because of the mobile 
nature of the sodium ion and the still relative abundance of 
sodium in solution (up to 0.1 mg/kg) such losses were not to be 
expected and in fact did not occur. 

Sodium-22« has a 15-hour half-life, decays by the emission 
of a 1.39 MeV beta particle (100#) followed by 1.37 and 2.75 MeV 
gamma rays each of lOOjfc. The maximum permissible concentration 

-k in drinking water for individual members of the public is 2 x 10 
mCi/kg. 

However, because of its high gamma energy the maximum 
activity which can be sent in a type A container on an aircraft 
is 10 mCi. 10 mCi diluted into Kr kg of water gives a con
centration of 10" mCi/kg. At the specified efficiency of 99*99^ 

—8 there would be 10 mCi/kg in the steam condensate. A suitable 
volume for counting in a 2" x 2" well-type scintillation detector 
is 10 cm which would contain 10~ mCi in boiler water and 10~ 
mCi in steam condensate. The detection efficiency of the detector 
is approximately 9 x 10 counts/second from 1 millicurie (c/s/mCi). 
Therefore 9 c/s would be expected from boiler water but only 
10 c/s from condensate. 

With a background of '» c/s, a 1 c/s sample count can be 
3 measured with a standard deviation of about lojt in 10 seconds. 

This is about the maximum counting time permissible if duplicate 
counts on condensate and boiler water well as background counts 
are to be made on hourly samples. It is clear then that while 
the boiler water can easily be measured directly, the condensate 
is of too low an activity to be detected. 

It was decided to try concsntrating the sodium activity by 
pasping a large volume of condensate through a cation exchange 

3 resin column having a settled volume of 10 cm . This could then 
be transferred to a vial for counting in the well crystal detector 3 and would have the same counting efficiency as the 10 cm of 
boiler water. AG 50 V-X12 resin of 200-'100 mesh size was used. 3 This has an exchange capacity of 2.3 m-equivalents per cm of 
resin bed. Experiments showed that 10 kg samples of distilled 
water containing either 1 mg/kg Na or »odi.um-2h tracer only could 
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be passed rapidly through the column with the sodium being 
3 quantitatively retained. Thus a concentration factor of 10 is 

obtained which vould allow the condensate to be counted at 
about 1 c/s above background. 

The Test 

The 9.6 mCi (all activities are calculated to 0900 hours 
on 22.6.76) of radioactive tracer was nixed into approximately 
kO kg of water in the stainless steel tank of the high pressure 
dosing system. The two injection pumps delivering a total of 
180 kg/hr were started at 1200 hrs. Due to the necessity of 
keeping the outlet strainer covered with water only half the 
tracer solution could be added before more water needed to be 
added. This led to an exponential growth type of injection 
pattern with a half value time of 10 minutes, Pig.l. By 1300 hrs 
99j4 of the activity, as indicated by a survey meter set up 
outside the injection tank, had been injected. A further 200 kg 
of water was added to the tank and pumping continued for a 
further hour. Cooled samples of boiler water and condensed 
saturated steam were taken from the normal chemical monitoring 

3 3 
stations. Prom the 25 cm' boiler water samples 10 cm aliquots 
were taken and counted. The results are shown in Pig.l 

The 10 kg condensate samples took about hO minutes to 
3 collect. The water was then passed through the 10 cm ion 

exchange column contained in a 40 mm diameter sintered glass 
(grer'e l) filter funnel. The resin was then washed into a 
plastic vial for counting. The results are shown in Pig.2. 

The effects of changing the water level in the drum housing 
the separators are shown also in Pig.l. The water level was 
raised at I63O hrs and reduced to below the original level at 
1930 hours. Level adjustments took about 20 minutes. 

Results 

The Injection pattern and boiler water activity curves show 
a displacement of only 15-20 minutes, which confirms the expected 
rapid mixing in the system. It should also be noted that several 
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minutes lag occurs both between the dosing pumps and injection 
into the boiler drum and between the sampling take-off point and 
the emergence of the sample at the end of the delivery tube. Some 
significant fall-off of activity appears to have occurred up to 
I63O hours when the first level change of +5 cm was made. There
after the activity level was constant. The actual count rate 
was rather higher than the 9 "/» above background that was 
expected. This is partly explained by the actual water quantity 

h 5 
being 7 x 10 kg rather than 10 kg but this would only raise the 
count to 12/s. If the original solution used to calibrate the 
detector had been at the -20jt of the guaranteed activity range 
and the solution used for the test was +20?& of the stated activity 
even then the counts should have been only 18/s. This question 
would have been clarified by counting an aliquot of the injection 
solution. 

Though the steam condensate results are very low, in some 
cases less than a standard deviation above background, some 
pattern relating to water level in the drum seems to emerge. 
The effect of raising the water level 5 cm seems to be to reduce 
the carry-over of water while lowering the level to 5 cm below 
normal produced a transient increase which unfortunately was not 
followed to its stable level. 

Table 1 gives the numerical data from the tests and the 
separator efficiencies calculated from them. 

Conclusion 

Under the operating conditions at the time of the tests the 
mean efficiency of the separators was 99>9999& while the minimum 
was 99.998#,which occurred following a drop in level In the drum. 
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Table 1 

Sanpl: Lng Water 
level 

Activity c/s ± S.D. Carry over 
time 

Lng Water 
level Water Condensate in parts/1011 

CM 10 c.3 10 kg 1-99-99* efficiency 
1231 0 15.8 + 0-3 
1255 22.7 + 0.3 
1256 - 1336 0.17 + 0.09 0.07 ± o.oft 
1307 2ft. 8 + 0.3 
1229 24.7 + 0.3 
1339 - lftl9 0.07 ± 0.10 0.03 ± o.oft 
1353 25.6 + 0.3 
1^20 - 15ft0 0.21 ± 0.05 0.09 1 0.02 
lft30 24.6 + 0.3 
1533 23-9 + 0.3 
15ftl - 1622 0.23 ± 0.08 0.10 ± 0.03 
1627 - 1707 •5 0.12 ± 0.11 0.05 ± 0.05 
1630 22.6 + 0.3 
1710 22.0 + 0.3 
1710 - 1830 0.13 ± 0.06 0.06 ± 0.0ft 
1818 22.6 + 0.3 
1835 - 1915 0.06 + 0.12 0.03 ± 0.05 
1928 22.2 + 0.3 
1930 
2010 
2010 
2053 
2053 
213ft 

- 2010 -5 

- 2050 
- 2133 

- 101ft 

0.02 ± 0.13 0.01 ± 0.06 
22.6 ± 0.3 

21.7 ± 0.5 

O.38 ± 0.09 
0.18 ± 0.1ft 

0.17 ± o.oft 
0.08 ± 0.07 

0.10 ± 0.17 0.05 ± 0.08 
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