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    Abstract

        
            A facility for measurement of rare Kr-81 and Kr-85 isotope concentration in hydrogeologic samples, and isotopic composition of minute quantities of krypton and xenon from extraterrestrial samples, was established, requiring refinement of an emerging mass spectrometric-based analytical technique and securing of laboratory space and equipment. The analytical process consists of (1) collecting a groundwater sample, (2) degassing the water, (3) separating Kr from the recovered gases, (4&5) two isotopic enrichments to reduce interfering isotopes by E9, and (6) detecting the rare krypton isotope in a unique time-of-flight mass spectrometer detecting as few as 100 Kr atoms. All equipment is installed and operating, with only some additional adjustment and testing of the last step (6, above) remaining to be completed. Collaborations have been established with a number of researchers and organizations world wide, and both groundwater and extraterrestrial samples have been collected. Completion of analyses awaits full operation of step 6.
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                    Completion of Kr-81 and Kr-85 Analysis Development for Hydrogeology and Testing its Validity by Assessing Aquifer Recharge Rates

                    
                        Technical Report
                            Thonnard, Norbert
                            

                    Summary The overall objective was to complete the development of a RIMS-based analytical technique to determine the concentration of the rare krypton radioisotopes, 81Kr and 85Kr, in samples of interest to the geoscience and planetary science community The key to RIMS is the use of tunable lasers to selectively and efficiently excite by resonant photon absorption atomic states unique to the chosen element. Ionization of the specified element can then occur while excluding all other constituents of the sample, bringing detection limits down to the single-atom level. Combining RIMS with several steps of isotopic enrichment makes detection of a raremore » isotope, such as 81Kr, feasible. A complete process for groundwater samples consists of starting with (1) collecting the groundwater sample, (2) degassing the water sample, (3) separating Kr from the recovered gases, (4 & 5) two isotopic enrichments reducing interfering isotopes by >109, and (6) detecting the rare krypton isotope using RIMS in a time-of-flight system. Required water sample size is 20 liters for 81Kr and 10 to 3 liters for 85Kr. Weak links in the above steps were to be identified and rectified. Most of the troublesome issues were resolved, but unfortunately, two key difficulties could not be resolved with the available resources, so the overall, final goal of completing a suite of measurements was not achieved. In spite of this, valuable collaborations were established to demonstrate the value of 81Kr and 85Kr measurements in two critical applications, the future site of a nuclear waste repository, where high efficiency 81Kr measurements would allow groundwater dating of low-yield formations, and a multi-method analysis of potential contamination inflow into a large municipal water system, where the simplicity of interpretation of 85Kr measurements could become a valuable future interpretive tool. Therefore, samples were collected anyway, and processing started using the working parts of the method, so that comparisons to other methods could be made in the future« less
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                    Hyperfine spectra of the radioactive isotopes [sup 81]Kr and [sup 85]Kr

                    
                        Journal Article
                            Cannon, B - Physical Review A; (United States)
                            

                    Isotope shifts and hyperfine constants are reported for the radioactive isotopes [sup 81]Kr and [sup 85]Kr and the stable isotope [sup 83]Kr. The previously unreported nuclear moments of [sup 81]Kr were determined to be [mu][sub [ital I]]=[minus]0.909(4) nuclear magneton and [ital Q]=+0.630(13) b from the hyperfine constants. This work increases the number of transitions for which [sup 85]Kr hyperfine constants and isotope shifts have been measured from 1 to 4. The hyperfine anomaly for krypton reported in the previous measurement of [sup 85]Kr hyperfine constants [H. Gerhardt [ital et] [ital al]., Hyperfine Interact. 9, 175 (1981)] is not supported bymore » this work. The isotope shifts and hyperfine constants of [sup 83]Kr measured in this work are in excellent agreement with previous work. Saturation spectroscopy was used to study transitions from krypton's metastable 1[ital s][sub 5] state to the 2[ital p][sub 9], 2[ital p][sub 7], and 2[ital p][sub 6] states. In saturation spectra, different line shapes were observed for the even- and odd-mass krypton isotopes. This even- versus odd-line-mass shape difference can be explained using the large cross section that has been reported for collisional transfer of the 1[ital s][sub 5] state excitation between krypton atoms. Two-color two-photon laser-induced fluorescence was used to measure the hyperfine spectra of the 1[ital s][sub 5-]4[ital d][sub 4][sup [prime]] transition using the 2[ital p][sub 9] state as the intermediate state. This technique proved to be more sensitive than saturation spectroscopy.« less
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                    Analysis of /sup 81/Kr in groundwater using laser resonance ionization spectroscopy

                    
                        Conference
                            Kramer, S; Hurst, G; Chen, C; ... 
                            

                    A new analytical technique based on resonant ionization of krypton with a vacuum ultraviolet (VUV) laser source was used to determine low-level /sup 81/Kr concentrations in groundwater. The long half-life (210,000 years) and low concentration (1.3 x 10/sup 3/ /sup 81/Kr atoms per liter of modern water at 10/sup 0/C) make the detection of /sup 81/Kr by radioactive counting techniques extremely difficult. In this method, krypton gas was removed from water taken from an underground Swiss aquifer using standard cryogenic and chromatographic techniques. Stable krypton isotopes were then reduced by a factor of 10/sup 7/ by a two-stage isotopic enrichmentmore » cycle using a commercially available mass spectrometer. The enriched gas containing about 10/sup 8/ stable krypton atoms and about 10/sup 3/ atoms of /sup 81/Kr was implanted into a silicon disc. This disc was then placed in the high vacuum final counting chamber and the krypton was released by laser annealing. This chamber contained a quadrupole mass spectrometer which used a pulsed VUV laser source as the ionizer. The measured signal indicated that the sample contained 1200 (+-300) atoms of /sup 81/Kr.« less

                        
                            	Full Text Available


                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    An atom trap system for practical {sup 81}Kr dating

                    
                        Journal Article
                            Du, X; Bailey, K; Lu, Z; ...  - Review of Scientific Instruments
                            

                    {sup 81}Kr (t{sub 1sol2}=2.3x10{sup 5} yr, {sup 81}Kr/Kr{approx}6x10{sup -13}) is a long-lived cosmogenic isotope, which is ideal for dating old groundwater and ice in the age range of 50,000 years to 1 million years. Here, we describe the apparatus and performance of an atom-counting system for practical {sup 81}Kr dating. This system is based upon the atom trap trace analysis method that was first demonstrated in 1999. Since then, significant improvements have been made to increase the system efficiency and to reduce the required krypton sample size. For a modern krypton gas sample of 100 {mu}l STP, which contains 1.2x10{supmore » 6} {sup 81}Kr atoms, the system can accumulate approximately 240 {sup 81}Kr counts in 20 h, thereby reaching a counting efficiency of 2x10{sup -4}. Detailed studies have been conducted to characterize the performance of this system. This system has been calibrated with a low-level counting method and has been used for {sup 81}Kr dating of ancient groundwater from the Nubian Aquifer (Egypt). It can also be used to measure the isotopic abundance of a fission-produced isotope {sup 85}Kr (t{sub 1sol2}=10.76 year,{sup 85}Kr/Kr{approx}2x10{sup -11})« less
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                    Rapid processing of 85Kr/Kr ratios using Atom Trap Trace Analysis

                    
                        Journal Article
                            Zappala, J.; Bailey, K.; Mueller, P.; ...  - Water Resources Research
                            

                    In this paper, we report a methodology for measuring 85Kr/Kr isotopic abundances using Atom Trap Trace Analysis (ATTA) that increases sample measurement throughput by over an order of magnitude to six samples per 24 h. The noble gas isotope 85Kr (half-life = 10.7 years) is a useful tracer for young groundwater in the age range of 5–50 years. ATTA, an efficient and selective laser-based atom counting method, has recently been applied to 85Kr/Kr isotopic abundance measurements, requiring 5–10 μL of krypton gas at STP extracted from 50 to 100 L of water. Previously, a single such measurement required 48 h.more » In conclusion, our new method demonstrates that we can measure 85Kr/Kr ratios with 3–5% relative uncertainty every 4 h, on average, with the same sample requirements.« less
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