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A Convenient Calibrator for Tritium Survey Meters 

J.M. Cuttler, AECL CANDU, Mississauga, Ontario 
S.R. Janmohamed, Ontario Hydro, Pickering NGS 
R.A. Surette and M.J. Wood, AECL Research, Chalk River Laboratories 

Introduction 

A diffusion sampler or a bubbler takes at least an hour to obtain readings of the tritium levels 
in a work area. On the other hand, a tritium survey meter gives an immediate reading of the 
tritium levels. However, it is necessary to check each survey meter frequently to ensure it is 
in proper working order, especially after repair in the maintenance shop. The user requires 
assurance that the meter is functioning correctly before entering potentially hazardous areas. 

The staff in CANDU stations were having difficulty calibrating their tritium-in-air survey 
meters. The manufacturer* uses a point gamma source, an indirect method, to avoid the 
inconvenience of handling tritium, a radioactive gas. The reading, when using a gamma 
source, depends on the measuring geometry - distance and orientation (due to the shielding 
effect of internal components such as batteries). Gamma-compensated meters require the 
compensation to be disconnected during such testing. 

A standard tritium (HT) gas source, shown in Figure 1, is relatively complex, large and 
heavy. It does not accurately simulate the vapour atmosphere where the meter is used in the 
station, and requires special care in handling because the HT gas is still a health hazard. 
Testing a survey meter with such an apparatus is very inconvenient, and therefore the tritium 
meters were not being checked frequently. 

Silica Gel as a Tritiated Vapour Source 

As a consequence of AECL's Operating Station Support Program, improved communication 
was established between Pickering NGS and AECL Research. Assistance was requested for 
a convenient method to calibrate the many tritium survey meters at the station. Chalk River 
Laboratories suggested using a standard silica gel collector loaded with tritiated water 
vapour. 

The collector is a 25 mm (1 inch) polyethylene tube, 100 mm (or more) long, with a tight-
fitting cap at each end. A short length of rubber tubing is attached to each end. The free 
ends of the tubing are joined together by a union fitting to form a closed circuit, as shown in 
Figure 2. The plastic tube is filled with dry silica gel, and cotton wool is stuffed into each 
end to retain the gel. 

* Scintrex Limited, Concord, Ontario AECL-10789 



To load the "source" with tritiated vapour, a bubbler containing tritiated water is placed in a 
fume hood and connected to the collector, as shov/n in Figure 3. A concentration of 
1 mCi/L in the bubbler, maintained at 10 deg C, results in a "source" with a tritium-in-air 
concentration of 1 MPC,. Flow through the loop is maintained between 1 and 3 L/min, until 
the blue gel turns completely pink (several hours). The bubbler is then removed and the end 
tubes of the source are connected back together with the fitting to seal the source. The 
tritium vapour remains attached to the silica gel. Very little is released in the short interval 
when the source is opened to connect it. 

To calibrate the source, it is connected to a standard tritium sampler (bubbler) containing 
water at room temperature, as shown in Figure 4. The bubbler is operated in the prescribed 
manner, that is, five minutes for sampling tritium vapour in a room. The bubbler sample is 
then analyzed for HTO by liquid scintillation counting (using the standard station procedure). 
Each calibration removes approximately 2 percent of the tritium concentration. Note that the 
concentration of tritium in the flow from the source will have the same temperature 
dependence as water vapour pressure in air. (For example, the vapour pressure of water is 
121 and 231 Pa at 10 and 20 deg C, respectively.) The temperature should be recorded and 
the measured concentration should be corrected for this dependence. 

To use the source, the union is removed and the rubber tubes are connected to the intake and 
exhaust fittings of the survey meter to be calibrated, as shown in Figure 5. The normal 
sampling rate for a Scintrex 209 meter is 1.5 L/min. Note that the loop is closed; no tritium 
vapour is released during the test. 

Each survey meter should be checked at several points along the range of concentrations that 
could potentially be present in the work areas. 

At Pickering NGS, three vapour sources were made with concentrations of —20, ~ 125 and 
—400 MPC, (at 20 deg C) by using a bubbler containing three consecutive samples of water 
with tritium concentrations of — 10, -65 and —200 mCi/L, respectively. Then each source 
was calibrated at room temperature. Measurements of these sources were made repeatedly at 
the same temperature over a period of several months, using Scintrex Model 209 and 309 
survey meters. The readings were found to be repeatable within 10 percent. 

Advantages of this Method 

When a gamma source is used to check an ion-chamber-based monitor, it only verifies, in a 
crude way, that the ion chamber and electrometer are working. It does not, for example, 
check whether the air sample is actually reaching the detector. Using a source of tritiated 
vapour is therefore more direct and more credible than using a gamma source to check 
tritium-in-air monitors. 

While not as accurate and stable as a tritium gas standard source, the silica gel vapour source 
is very inexpensive and convenient to construct and calibrate at the power station. 



This source lasts a long time because it holds a large amount of vapour (~5 hours collection 
at ~2 L/min) and very little is released when checking a survey meter. The volume of the 
ion chamber is only 80 cm3 in the Scintrex Model 209 meter, and 250 cm3 in the Model 309. 

This source is easy to use, and does not present a significant hazard to the operator because 
the tritium is retained in the solid gel, and is pumped in a closed circuit. The source can be 
calibrated at any time using standard station equipment and procedures. 

The great convenience in handling these sources has led to their frequent use in checking the 
survey meters, thus helping to reduce the likelihood of employee overexposure. 

Figure 1 Calibrating a Survey Meter with a Tritium Ga; Standard 



Figure 2 Tritiated Vapour Check Source (before and after loading) 

Figure 3 Loading the Check Source 



Figure 4 Calibrating the Check Source 

Figure 5 Checking a 
Survey Meter 


