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Saturated
Background aturate
Strontium-90, one of the primary beta emitting radionuclides produced during
nuclear fission, has contaminated groundwater at nuclear decommissioning sites 1] Slotted
after leaks and spills of nuclear waste [1]. _Screen
Photodiode
The baseline method for monitoring *°Sr in groundwater is by sampling of I =L
boreholes installed in the groundwater table and submission of the samples for Filter
laboratory analysis. Pack
This approach generates high-quality results, but is expensive, time consuming, G"°“F“Igv":ate"
produces chemical wastes and may expose both samplers and analysts to elevated b
levels of radiation. B il

By taking a direct approach to detection, through deploying a mobile detector
directly into groundwater, sample collection and treatment can be eliminated,
thereby reducing chemical waste, labour, and time requirements.

Figure 1: A simplified diagram of a typical groundwater borehole scenario,
and the prospective deployment of an in situ semiconductor detector.

Detector Testing .99
A 10 x 10 x 1T mm CdTe detector was mounted with a charge sensitive . 13
preamplifier, shaping amplifier and compact 85 V digital power supply unit. This 0.98F
sensor was housed in a 120 x 89 x 38 mm plastic box, wrapped in two layers of 007l
low density polyethylene | .
©0.96} o
The detector was tested in two scenarios, one where the temperature of the S |
water had an average value of 14.3 °C and in another scenario where the $50.95f
temperature was 4.1 °C on average. Figure 5 plots the internal temperature of
the detector over time in each scenario. In the warmer water condition, the 0941
internal temperature of the detector was less stable, and was raised by 2.1 °C 003l
over the duration of the 120 minute period. Heat is generated inside the detector o
by the electronic components with the primary source of heat being the 80 V 0.92 , , , , , ,
power supply used to bias the CdTe sensor. 0 20 w0 80 100 120
ime (mins)
The counts incident on the detector were recorded in both tap water and roure & The Infemal femperature of fhe detector over fime.
synthetic ground water scenarios. In each scenario the temperature of the water
was maintained at 14.4 °C. The average number of counts in the tap water 281 T
scenario was 7.127 x 10° +/- 844 and in the synthetic groundwater scenario was . . » 14C Water
7.129 x 10° +/- 844 showing no significant difference in results. 626 - e '
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FiqSJre 5: The averaged relative counts recorded in 5 minute counting periods while the detector was
submerged in 4.1 °C water and 14.3 °C.

The deployment of CdTe sensors into groundwater boreholes must account for
variations in environmental conditions and, given the sensitivity of the detector to
temperature, a key factor will be the temperature of the groundwater. The stability of a
CdTe detector in likely groundwater temperatures has been investigated and it has

been demonstrated that the detector's performance was most stable at a water
Figure 3: The detector experimental setup. The detector is fixed to the bottom of a plastic tub, which is

. O
filled with water, and a 9°gr source was cf%mped at increasing distances from the detector. temperature of 4.1 ~C.

Groundwater Simulations

Table 3. The limit of measurement for °Sr in the CdTe detector for increasing lengths of measurement.

Some of the pure beta emitting radionuclides found at Sellafield are *°Sr, *°Y, '*C, and Length of Measurement _ Limit of Detection (BqL™")
naturally occurring “°K. It's important to establish the detector's sensitivity to these 10 minutes 799
radionuclides to establish whether they contribute to the detector's response function. 1 hour 323
This will give insight into the viability of this detector in the real world, and give insight 24 hours 66
into the difficulty of examining ®°Sr decay in the presence of other radionuclides. 14688‘;00“558 ‘2‘2

It Is expected that when the detector is deployed into groundwater it will not be .
sensitive to weak beta emitters such as *C, but has sensitivity to strong betas like *°Sr, . BT

—10 Bg/L
9OY, 4OK and 137CS. 100 Bq/L
1,000 Bg/L
—10,000 Bq/L
100,000 Bg/L

The limit of detector for the CdTe sensor and *°Sr decay was found to be 323 BgL 10°F
after a 1 hour measurement and 66 BgL™"' after a 24 hour measurement. Meanwhile,
the GaAs sensor had a lower limit of detection of 91 BgL " and 18 BgL' in 1 and 24
hours respectively. Existing techniques are capable of examining *°Sr decay below the 101
World Health Organisations safe drinking water limit of 10 BgL™". This has the benefit of W
allowing decommissioning sites to examine the data quickly to determine whether beta | A/\/VL\/\
activity is present or not, and rapidly respond to unexpected spikes in groundwater 100 . VALY . . .
activity resulting from new leaks. This could be used to compliment existing techniques ° . "% Energy (MeV) - >0
and a”OW for a Se|eCtive approaCh Wlth eXiSting teChniqueS SUCh as ||qU|d SCinti”ation Figure 6: %°Sr counted in a CdTe detector in a groundwater borehole simulation at different activities..

counting for closer examination of *°Sr activity. Additionally this would allow for rapid
scanning of large areas of land and be used to pinpoint locations of peak activity.
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