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RESPONSE CHARACTERISTICS OF RADIATION SURVEY INSTRUMENTS IN 85Kr AND 133Xe ENVIRONMENTS



Michael H. Momeni M&A Radiological and Environmental Monitoring and Assessment 37 Cheshire Court, Chatham, Illinois 62629



Abstract:



Response characteristics of radiation survey instruments immersed in environments



containing 85Kr or 133Xe gases were studied. The instruments were exposed to each of the noble gases at the center of a spherical chamber with a radius of 82.8 cm. The radiation survey instruments from Eberline1 (models RO-2, RO-3) with an ion chamber detector, and Technical Associates2 (model TBM3) and Ludlum3 (model 12) with GM detectors, were immersed in eight (8) different concentrations of 35Kr, 133Xe or both noble gases. Responses to the noble gases were recorded both during immersions and after exposures. The data suggested that the noble gases diffused during immersion into the detector volumes of the ion chambers resulting in timedependent responses during and after the exposures. The same pattern of responses was not observed with the survey instruments using GM detectors.
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Introduction



Health Physics radiation survey instruments utilized in a nuclear power generating station are typically Geiger-Mueller counters, ion chambers and scintillation detectors. These survey instruments are sometimes used in environments where 85Kr and 133Xe are present. Radiation detection characteristics of ion chambers and Geiger-Mueller counters are included in general textbooks, for example, by Wilkinson (1950), Emery (1966), and Knoll (1979). Previously Momeni (1987) reported a procedure for dosimetry of 85Kr and 133Xe, a mixed beta and gamma radiation field.



The objective of this investigation was to determine response characteristics of selected surveyinstruments exposed to radiation from 85Kr and 133Xe. We investigated the response of selected survey instruments both during and after exposure to noble gas environments and determined the relative magnitude of contribution from the diffused noble gases.



Exposure Techniques



Each survey instrument was calibrated using a 137Cs gamma source. The source was calibrated using Victoreen4 ionization chamber model 362. The chamber was also calibrated using an identical Victoreen chamber calibrated by the National Institute of Standards and Technology (formerly the National Bureau of Standards). The survey instruments were exposed to 85Kr or 133Xe, or in a mixture of the two noble gases.
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Nobel Gas Exposure



The instruments were exposed in a spherical chamber with a radius of 82.8 cm and a volume of 2.42 m3. A detailed procedure for this experimental technique was previously reported (Momeni 1987). A schematic diagram of the exposure system constructed for these experiments is given in Figure 1. The system consists of a noble gas transfer system, a noble gas collector, a noble gas desorption heater, a noble gas concentration monitor, a pre-cooler, a heat radiator, and temperature and pressure monitors. 85Kr and 133Xe in a nitrogen carrier gas, in 2-liter tanks pressurized to approximately 4.8 mega-pascals, were purchased from isotope Products Laboratories (Burbank, California). An analysis of the gas using a Ge(Li) detector did not indicate the presence of other radioactive impurities.



Concentration of the noble gas within the exposure chamber was measured using a continuous noble gas monitor. The monitor was calibrated using known concentrations of 85Kr and 133Xe. The air within the exposure chamber was continuously mixed during each experiment using a circulating pump and a small oscillating fan. After complete mixing of the noble gas within the exposure chamber, the response by the monitor was a measure of the average noble gas concentration.



______________________________________ 4. Victoreen Inc., 6000 Cochran Road, Cleveland, Ohio.
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Figure 1. A schematic diagram of the noble gas exposure chamber: Temperature (T), pressure (P), and noble gas concentration (M) monitors; fan (F), circulating pump unit (PU), noble gas transfer system (TR), pre-cooler (PC), noble gas collector (C), air heater (H), and temperature radiator (R).



Krypton and Xenon Exposures



The survey instruments were exposed at the center of the exposure chamber to eight (8) different concentrations of 85Kr, 133Xe, or both. The concentrations of the noble gases within the exposure chamber were determined from the volume of the chamber and the activities of the noble gases transferred into the chamber. These concentrations were also compared with the
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concentrations indicated by the noble gas continuous monitor. The xenon concentration ranged between 28 and 152 Bq cm-3 and the krypton concentration was limited to 5.6 Bq cm-3. Temperature and pressure within the exposure chamber were maintained at room temperature and at one atmospheric pressure.



Dosimetry



A technique for determination of radiation dose for beta emitters have been previously reported (Berger 1974). Under our experimental condition, we assumed a 4π-exposure geometry. We based the radiation energies and absolute intensities on the data reported by Kocher (1981).



The exposure geometry was not infinite in dimension; therefore, we calculated the exposure geometry factor from the photon flux density arriving at the center of the exposure chamber. The ratio of gamma dose in the center of the chamber to the dose from an infinite volume was estimated to be about 0.22 for 133Xe. Since the contribution of gamma from 85Kr to the dose rate is less than 0.1%, we did not calculate the exposure geometry factor 85Kr.



The range of most energetic beta in air (0.67 MeV from 85Kr) is 189 cm, and it is larger than the radius of the exposure chamber (82.8 cm). We calculated the reduced exposure geometry factor from immersion in a chamber smaller than the range of the beta radiation from Loevinger's equation (1956). The exposure geometry factor for 85Kr was estimated to be about 0.89. For
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133Xe gas the range of the 0.346 MeV beta (the most energetic beta) is about 80 cm in air, which is less than the radius of the exposure chamber. Therefore, for 133Xe we assumed that the exposure geometry was within an infinite space.



For 85Kr, we assumed equilibrium dose conversion factors of 1.2 µGy h-1 per Bq cm-3 for gamma and 139.0 µGy h-1 per Bq cm-3 for beta radiation. For 133Xe, we assumed an equilibrium dose conversion factor of 23.82 µGy h-1 per Bq cm-3 for gamma and 75.3 µGy h-1 per Bq cm-3 for beta radiation (Kocher 1980).



In an open air space, the contribution from bremsstrahlung is partially due to interaction of beta radiation with argon atoms. Determination of the bremsstrahlung contribution under our experimental conditions was not readily feasible. However, because of the thick plastic layer covering the inner surface of the exposure chamber, we surmised that the relative contribution of bremsstrahlung would be small.



Results and Discussion



A summary of exposure conditions and the instrument responses are given in Tables 1 and 2. The average responses were calculated from the measured responses within the first 10 minutes after complete mixing of the noble gases within the exposure chamber.
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Responses of selected survey instruments recorded both during and after immersion in 85Kr and 133 environments are shown in Figures 2 through 4. The response (µC kg-1 h-1) may be converted into mR h-1 using the ratio 1 mR per 0.258 µC per kg of the exposed air.



Figure 2. Response patterns of survey instruments: Ludlum model 12 (serial number 1014) and Technical Associates model TBM-3 (serial number 120107) immersed in 133Xe environments with concentration 74.0, 29.6, and 99.9 Bq cm-3, for exposures 2, 3, and 5, respectively.
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Table 1.



Average Responses (µ C kg–1 h–1) of Selected Survey Instruments to Radiation from 133Xe and Tissue Dose rate (µ Gy h –1) and Ratio of the Responses to the Dose Rate C kg–1 Gy-1)



Experiment



Instrument



Dose Rate



Response



Response/Dose Rate



1



RO-2a



2305



1.6



6.9E-4



1



RO-3b



2305



1.6



6.9E-4



1



TBM-3c



2305



2.1



9.1E-4



2



RO-2



8170



5.4



6.6E-4



2



RO-3



8170



5.7



7.0E-4



2



TBM-3



8170



6.5



8.0E-4



3



RO-2



6058



4.4



7.3E-4



3



RO-3



6058



4.4



7.3E-4



3



TBM-3



6058



4.4



7.3E-4



4



RO-2



12350



9.3



7.5E-4



4



403



12350



10.1



8.2E-4



*



1 mR = 0.258 µC kg-1



a



Responses were measured with the protective caps removed.



b



A trademark of Eberline Corporation, P. 0. Box 2108, Santa Fe, New Mexico 87501.



c



A trademark of Technical Associates, 7051 Eton Avenue, Canoga Park, CA 91303.
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Table 2. Average Responses (µ C kg–1 h–1) of Selected Survey Instruments to Radiation from 133Xe and 85Kr and Tissue Dose rate (µ Gy h –1) and Ratio of the Responses to the Dose Rate C kg–1 Gy-1) Experiment



Instrument



Dose Rate



Response



Response/Dose Rate



5



RO-2



514



0.52



1.0E-3



5



RO-3



514



0.90



1.8E-3



6



RO-2



2423



2.58



1.1E-3



6



603



2423



3.87



1.6E-3



6



TBM-3



2423



2.84



1.2E-3



7



RO-2



4179



3.87



9.3E-4



7



RO-3



4179



5.93



1.4-E-3



7



TBM-3



4179



4.39



1.1E-3



8



RO-2



5966



5.16



8.7E-4



8



RO-3



5966



8.26



1.4E-3



Figure 2 shows the pattern of responses for two survey instruments using GM detectors. The rise in the response is parallel with the rise in the concentration of the xenon gas in the exposure chamber. The flat response following the sharp rise is in parallel with the constant concentration of the gas within the exposure chamber. Finally, the decrease in the response following the flat response is also in parallel with removing of the gas and purging the exposure chamber.



9



Figure 3. Response patterns of R-03 (ion chambers) survey instruments (serial 133 numbers 675 and 698) immersed in Xe environments with concentrations of 74.0, 29.6, 151.7, and 99.9 Bq cm3, for exposures 2, 3, 4, and 5, respectively. The same instrument (serial number 675) was used for exposures 2, 3, and 4.



The pattern of responses in Figure 3 may be divided into four periods. The initial rapid rise in responses is due to mixing of 133Xe within the exposure chamber. The period of complete mixing is about 2 minutes. The second period showed a gradual rise in responses during the following two hours. Although the concentration of xenon was constant during this period, the measured responses increased. The third period, the period between the second to the third hour, is the duration of purging of xenon from the exposure chamber. The responses of the survey instrument decreased within the third period as the concentration of xenon was reduced.
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However, the response did not reduce to the initial response (background response of 2.5 nC kg-1 h-1) although the concentration of xenon within the exposure chamber was at a background level. During the last period, a gradual rise in responses was observed for a four-hour duration; then it gradually decreased to a background response within 50 to 75 hours.



Figure 4. Responses of an R0-2 (Serial 443) survey instrument as a function of time after immersion in three concentrations of 133Xe. The concentrations were 74.0, 151.7, and 99.9 Bq cm-3 in experiments identified as 2, 4, and 5, respectively (Tables 1 and 2).



The pattern of responses for two RO-3 ion chambers is shown In Figure 4. The survey instruments (serial numbers 675 and 698) were exposed to 133Xe. The instrument with the serial number 675 was exposed to concentrations of 74.0, 29.6, and 151.7 Bq cm-3, respectively for experiments 2, 3, and 4. The instrument with the serial number 698 was exposed to 99.9 Bq cm-3 (experiment 5).
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The responses of RO-3 instruments did not increase in the second period comparably with those observed for the RO-2 units. However, a slight increase in the responses was observed during the fourth period, the pattern of this increase is similar to that shown in Figure 3.



In separate experiments, selected instruments were exposed to 85Kr and 133Xe in a smaller exposure chamber. This smaller chamber allowed removal of the noble gases from the exposure chamber during a period of less than 5 minutes. In this case, even after purging of the noble gases from the chamber, the responses of the R02 and R03 instruments did not decrease quickly to the level of the background. The patterns for the third period were similar to those observed in figures 3 and 4. Whereas, the responses of the instruments with GM detectors followed the decrease in the noble gas concentrations



The pattern of responses for the second period seemed to be dependent on the exposure duration of the instruments to the noble gases. The level of over response, i.e., the response above those observed shortly after the complete mixing of the noble gases within the exposure chamber, seemed to depend on the exposure duration of the instruments to the noble gases.



Survey instruments with open-to-air ion chamber-detectors were exposed in the small exposure chamber to several concentrations of the noble gases. After the exposure, the instruments were transferred to an airtight chamber and the air within the enclosure was partially removed using a small vacuum pump. The air was then replaced using dry air. We surmised that the batteries would be affected by the reduced air pressure during this purge cycle. Therefore, shortly before
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air evacuation, the battery from each instrument was removed. This purge cycle was repeated several times for each instrument. The response of each instrument before and after each purge was recorded. The first purge cycle significantly decreased the survey instrument’s response to a level near the background; successive purges further reduced the residual responses.



These data may suggest that the increase in the responses of ion chambers during exposure to xenon and krypton gases could be due to diffusion of the noble gases into the sensitive volumes of the ion chambers. This observation is supported by the difference in the pattern of responses of the “sealed” (GM) detectors and those of “open” to atmosphere (ion chambers) detectors. We surmise that a fraction of the noble gases would diffuse into the plastic materials that form the body of the ion chambers. Back diffusion of these gases out of the plastic materials and into the volume of the ion chamber would increase the detector responses. We surmise that the back diffusion from the plastic would be responsible for the observed increase during the fourth period (Figure 3). The first purging process would easily remove the radioactive gases from the open volume of the instruments, but the successive purges allow back diffusion of the residual activities.



In conclusion, survey instruments could be broadly divided as those with “open” or “sealed” detectors. The noble gas would not diffuse into a “sealed” detector during immersion in a noble gas environment. Thus, the response of the detector would be directly related to the noble gas concentration. These instruments, in contrast to an open detector, would not show a memory of its previous use within a noble gas environment. In a mixed radiation field, where a combination of beta or alpha, and photon radiation is present, an exposure unit should not be used. Survey
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instruments calibrated in an exposure unit are only applicable to photon radiation with energies less than 3 MeV.



The ratio of instrument responses to dose rates was between 6.6 x 10-4 and 9.1 x 10-4 for 133Xe gas (Table 1). The ratio of responses to 87Kr plus 133Xe was between 8.7 x 10-4 and 1.4 x 103. The higher responses of the detectors to 87Kr plus 133Xe than 133Xe alone, reflects a relatively higher efficiency for detection of beta to gamma radiation. These data suggests that a response of 1.0 R (roentgen) produce a tissue dose of 37 to 70 rems. In general, the assumption that a response of 1.0 R produces a dose of about 0.88 rem is not valid for these noble gases. We recommended that sealed ion chambers to be used in a noble gas environment. These survey instruments are only an indicator for the presence of radiation; they should not be used for radiation dosimetry.
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