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Initial Technical Report 3 1. 

A. Equipment Purchased, Date of Installation, Acquisition Costs, Installation Costs 
1. Model 320 Perkin Elmer YAG Laser Sampler; Installed on August 1, 1995. 
Acquisition Cost: $ 68,000 for instrument in addition 2 years of maintenance $ 30,000. 
Installation Cost: $2,000. 

2. 
$8,100. Installation Cost: $000. 

DEC 486-66 MHz computer; installed on January 5, 1996. Acquisition Cost: 

3. 
Acquisition Cost: $4,200. Installation Cost: $000. 

Computer Resources 486-200 MHz computer; installed on September 1, 1996. 

4. Perkin Elmer Autosystem Gas Chromatograph with thermal conductivity 
detector; installed on February 1, 1997. Acquisition Cost: $ 11,100; Installation Cost: $ 
1,000. 

B. Installation and Operating Use Experience 

This laser sampl;-T: system was attached to a Perkin Elmer Optima 309 
inductively-coupled plasma, atomic emission spectrometer that was already installed 
and operating in the Chemistry and Geochemistry Department at the Colorado School 
of Mines. The Optima 3000 was purchased nine months earlier with an equipment 
grant from the Geosciences Section of NSF. The use of the spectrometer has been 
highly successful. Graduate students and faculty from at least four different 
departments across the CSM campus have used the instrument. The final report to 
NSF is appended to this final report. 

Making the laser sampler operational occurred with no difficulties. However, it 
was soon found that different material ablated and vaporized at different rates. This 
implies that, for quantitative results, solid standards that are close in composition to the 
samples would have to be used. As a consequence, qualitative results could be 
generated on a routine basis but for quantitative results, a project had to be committed 
to extensive analytical development. 

Fortunately, a project arose that has fit in well with the objectives of the DOE 
materials science guidelines. This is described in the Technical Report section of this 
document. 

I I .  Technical Report 

A. Status and Use of the Laser Sampler 

The laser sampler is used regularly for sampling steels. The project that 
primarily uses the laser sampler is “Development of New Methods for Determining 
Hydrogen Distribution in Welded Steel”. Appended to this report are four documents 
describing this project: 

A paper published at the Welding Research Institute in Australia on the 
problem of hydrogen in the weldments of high strength steels. 

1. 
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% 2. 
3. 

4. 

The 1996 annual report to the Department of Army on this project. 
An author application form for presentation of a paper at the Annual 

The 1997 annual report to the Department of Army on this project. 
American Welding Society Convention in Detroit, April 27-30, 1998. 

Originally, it was assumed that the hydrogen analysis would be done by optical 
emission spectroscopy. However, because of hydrogen contamination from water 
vapor and air entrained in the argon plasma, it was found that detection of hydrogen in 
steel by atomic spectroscopy was quite difficult. On the other hand, laser sampling of 
the base metal and weld is still a valuable tool. Consequently, the laser was attached 
to a gas chromatograph and the hydrogen is detected using a thermal conductivity 
detector. Currently, this is the primary use for the laser sampler. 

6. New Research Projects Undertaken Using the Laser Sampler 

The primary new research project undertaken using the laser sampler was the 
one described above: “Development of New Methods for Determining Hydrogen 
Distribution in Welded Steel”. As described in the paper in Appendix II, this project 
has great technological interest because hydrogen embrittlement along welds is a 
major cause of the failure of high strength steel structures. High pressure boilers, 
submarines, pipelines, and bridges all use high strength steel with welds. Analysis of 
hydrogen in thesz structures is extremely difficult be.cause the abundance of 
hydrogen in high strength steel is very low (about 1 part per million). The analysis has 
to be made in-situ to determine how the relative abundance of hydrogen changes from 
the base metal to the heat affected zone and into the weld. In addition, diffusion can 
result in movement of the hydrogen from the weld zone in a matter of hours. 

At this time, laser ablation of the steel sample coupled with gas chromatography 
using thermal conductivity detection has given us preliminary confirmation of 
differences in hydrogen abundance in the weldment samples. Such work could not be 
done without the immediate availability of the laser sampler provided by this grant 

C. Financial Data on Operation and Maintenance of the Laser Sampler. 

Because Coolbaugh Hatl, the building that houses the research laboratories of 
the Chemistry and Geochemistry Department, was renovated and expanded in 1994, 
most of the utilities needed for installation of the laser sampler were readily available. 
Installation was trouble free and only required providing an isolated 220 volt power 
line. Also, two computers were needed to complete the facility: one to control the 
beam position of the laser, and another to assist in running data programs used to 
process the analytical results, These computers are listed in the Initial Technical 
Report. 

The sampler requires extensive use of argon to isolate the ablation area from 
atmospheric gases and to carry the aerosols and vapors into the detection device. 
Consequently, about $ 6,000 was spent on setting up gas lines and purchasing argon, 
hydrogen, and nitrogen. This continuous expense will be met in the future through the 
establishment of an instrument fund that will charge projects a reasonable fee for use 
of the instrument. 



Because it was strongly advised in the proposal guidelines that such be done, a 
maintenance contract was taken out on the laser sampler. This amounted to $ 30,000 
for the second and third years of use. To date, the laser has been trouble free. It has 
required service only once. Consequently, in this case such a service contract was 
probably not needed. 

When it was decided to attach the laser to a gas chromatograph, a special 
chromatograph and gas sampling equipment was purchased to make this change. 

D. Faculty and Graduate Student use of the Equipment 

As stated in the NSF report, faculty and graduate student use of the Optima 
3000 ICP has been tremendous. It is probably the most used piece of analytical 
equipment on the CSM campus. 

Because laser sampling is more specialized and standards specific to the 
sample are required, its use is quite a bit less. Certainly the heaviest use is with the 
hydrogen project described in sections 11-A and 11-B. On this project, two faculty 
members and three graduate students are using the instrument. 

in addition to this project, one faculty member and graduate student have used 
the sampler to measure boron abundances in pegmatite rocks. In this case, analysis 
by XRF is out of the question because boron is such a light element. 

The laser sampler is also used for qualitative analyses of solid samples. Using 
this mode, four graduate students and two faculty members have had samples 
analyzed by the spectroscopy laboratory. 

E. Important Experimental Results 

Definitely, the important result has been that through the use of this laser 
sampler and using gas chromatography detection, we have been able to determine 
the relative abundance of hydrogen in-situ across the weld of a high strength steel. 
These results will be published in the proceedings of 1998 Annual Meeting of the 
American Welding Society. 

Our ultimate objective is to be able to construct a simple measurement system 
that can be used to measure hydrogen across welds at the place that the welds are 
fabricated (that is, in the case of the Navy, the shipyard). It may not be the case that 
laser sampling is chosen as the actual measurement system. However, it does serve 
as our primary method of sampling during the development stages. Analysis of low 
abundances of hydrogen is difficult under any circumstances. Currently, we are trying 
to develop a system that will easily react with the hydrogen and can be used detected 
to determine the relative amounts of hydrogen across the weld zone. 

The problem is a fascinating analytical challenge that carries great practical 
consequences. 
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Appendix I :  “Acquisition of an Inductively-Coupled Plasma Atomic Emission 
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The primary objectives and scope of the project 
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The findings and implications stated as concisely and informatively as possible 
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ASIAN: A F r s o n  having origins in any of :he original peoples of Eas: Asia, Southeast Asia or the Indian subcontinent. This area 
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PART I1 SUMMARY OF COMPLETED PROJECT 

Because of the strong environmental and petrochemical emphasis within the 
interdisciplinary geochemistry program a t  CSM, education of students on the 
operation and use of an inductively coupled plasma (ICP) , atomic emission 
spectrometer (AES) is essential. An additional educational objective is liberal access 
to instruments for research projects. This grant allowed purchase of an ICP-AES 
and implementation of these education and research objectives. Success of the 
project is measured by the fact tha t  over 40 graduate students and 15 
undergraduates have had hands-on laboratory education on the instrument. On a 
research basis, the instrument has been used in over 20 research projects in 5 
different departments. In all of the projects, the students were directly involved in 
operating the instruments. Success was achieved because the ICP-AES is the first 
of a generation of user-friendly instruments. Ease of use was so  good that 
undergraduates were put in charge of day-to-day use of the instrument and in aiding 
the analytical needs of research personnel. 

PART I11 - TECHNICAL INFOWTION 

Listed below are the theses, publications, published abstracts, completion reports, 
and seminars that used results generated by the ICP-AES. 

RESEARCH ACTMTIES INVOLVING THE PERLKIN-ELMER OPTIMA 300 
ICP-AES, 1995 - 1936 

Theses and dissertations completed 
Taufen, P.M., 1996, A geochemical study of groundwaters and stream waters at two 

mineralized sites in the Noranda district, Quebec-Application to  mineral prospecting, 
mine development, and environmental remediation, T-4602, PhD. Geochemistry, 
1996. 

Kelsey, P.D., 1996, Weathering of Cu-Ni mineralized mine tailings from the Duluth 
complex, Minnesota, T- 4784, M.S. Geochemistry, 1996. 

Abdulrahman AI-Awar "Stratigraphy, dolomitization, and anhydritization of the 
Upper Devonian Nisku Formation at JofEe Field, in Alberta, Canada", Ph.D., 1996. 

Tomoko Kito, "The Evaluation and Characterization of Acid Catalysts Used in an 
On-Board Diethyl Ether Generator for Cold-Start Assistance of an Ethanol Fueled 
Vehicle", Ph.D. Dissertation, Colorado School of Mines, 1996. 

Sexsmith, K.S. Geological, hydrological and chemical controls on 222Rn 
variability in groundwater. Master's Thesis, Division of Environmental 
Science and Engineering, Colorado School ofMines, Golden, CO, 1996. 199 p. 

Published Papers 
Wildeman, T. R., Kelsey, P. D., and Lapakko, K., 1995, Relating sulfate generation to  
a model of physical flow through waste rock piles: Attempts and consequences. In: 



‘ 

Proceedings of the 12th annual meeting of ASSMR, G. E. Schuman and G. F. Vance 
Eds., ASSMR, Princeton WV, pp. 539-546. 

Kelsey, P.D., R.W. Klusman, K.A. Lapakko, 1996, An investigation of the metal 
adsorption properties of ferric hydroxide formed from the weathering of a stockpile 
in the Duluth Complex, Minnesota. Proc. h e r .  SOC. Surface Mining and 
Reclamation, pp. 671- 680. 

Ivlitchell, K.G., and Wildeman, T.R. 1996. “Solubility of Fe (111) and Al in A I D  by 
modelling and experiment”. In: Proceedings of 13th Annual Meeting of American 
Society for Surface Mining and Reclamation, pp. 681-689. May 18-23, 1996, 
Knoxville, TN. 

Trainor, T. P., S. Fleisher, T. R. Wildeman, R. J .  Goldf‘arb, and C. S. Huber, 1996, 
Environmental geochemistry of the McKinley Lake ;gold mining district, Chugach 
National Forest, Alaska. In, geologic Studies in Alaska by the U. S. Geological 
Survey, 1994, U. S. Geological Survey Bulletin 2152, pp. 47-58. 

Abstracts Published 
Mitchell, K. G., and T. R. Wildeman, Solubility of Fe (IIf) and AI in AMD by modelling 
and Experiment, 209th National Meeting of the American Chemical Society, April, 
1995, Anaheim, CA 

Kelsey, P.D., R.W. Klusman, K.A. Lapakko, 1996, An investigation of the metal 
adsorption properties of ferric hydroxide formed from the weathering of a stockpile in 
the Duluth Complex, Minnesota. Proc. h e r .  SOC. Surface Mining and .Reclamation, 
Knoxville, TN, May 18-23, 1996. 

Kelsey, P.D., and R.W. Klusrnan, 1996, Weathering of copper-nickel mineralized 
mine tailings from the Duluth complex, Minnesota and the effect on water quality. 
13th Rocky Mountain Regional Meeting, American Chemical Society, Denver, CO, 
June 9-12, 1996. 

Al-Bastaki, A., Humphrey, J. D., and Moore, C. H., 1996, Stratigraphic and 
diagenetic controls on the distribution of reservoir properties in the Devonian Nisku 
Formation at Joffre Field, Alberta; h e r .  Assoc. Petrol. Geol. Abs., v. 5, p. 2-3. 

Al-Awar, A., Humphrey, J. D., and Moore, C. H., 1996, Geochemical 
constraints on dolomitization and anhydritization of the Devonian Nisku Fm. at  
Joffre Field, Alberta; Geol. SOC. America Abstracts with Programs , v. 28, p. A-36. 

Sare, V. P., and Humphrey, J. D., 1996, Sediment-water interaction in 
Holocene carbonate islands, San Blas Archipelago, Panama; Geol. SOC. America 
Abstracts with Programs , v. 28, p. ,4-338. 

Suwanakijboriharn, S and Harrison W.J., 1996, Solubility of iron (11) carbonate at 
temperatures between 25 and 70oc and 1 atm total pressure: Geological Society of 
America Abstracts with Program, Denver CO 1996. 



Klett, T.R., Harrison, W.J., and Wendlandt, R.F., 1996, Effects of carbon dioxide on 
sandstone reservoir quality: AAF'G Annual Meeting, San Diego, 1996. 

T. R. Wildeman, and J .  R. Gormley, History and recent advances in passive 
treatment for metal mine drainages, 2nd International Gold Symposium, Lima, Peru, 
May, 1996. 

! 

T. R. Wildeman, and K G. Mitchell, Solubility of Fe(II1) and Al in AMD by Modelling 
and Experiment, 13th Annual National Meeting of the American Society of Surface 
Mining and Reclamation, Knoxville, TN, May 1996. 

J. W. Dinkel, R. M. Smith, and T. R. Wildeman, Treatment assessment for mine 
drainages in Colorado, 13th Rocky Mountain Regional Meeting of the American 
Chemical Society, Lakewood, CO June, 1996. 

Submitted Journal Articles 
Ozawa, Toshisuke, R.R.H. Cohen, R.W. Musman, 1996, Biogeochemistry of arsenic 
and chromium in a wet substrate, anaerobic bioreactor dominated by sulfate- 
reducing bacteria. Environmental Research, In Revision. 

T. Kito, D. Pacas, S. Selim, and S.W. Cowley, "Properties of an Ethanol, Diethyl 
Ether, and Water Ternary Fuel Mixture for Cold-Start Assistance of an Ethanol 
Fueled Vehicle", submitted to  I&EC Fundamentals, February 1997. 

T. Kit0 and S.W. Cowley, "Evaluation, Kinetics, and Mechanism of Selective Ethanol 
Dehydration to Diethyl Ether over Solid Acid Catalysts" to be submitted to J .  
Catalysis, March 1997. 

Characterization of Ethanol Dehydration Catalysts by XRD, RDF, Solid State NMR, 
XPS and TPD, to  be submitted to Langmuir, March 1997. 

Reports 
"Herstellung und Charakterisierung eines Gold-Sorbenten mit Silica und 
Lanthana-modifieziern Silica als Traeger", Dipom Arbeit von Anja Bauer, 
Fachbereich Chemieingenieunvesen, Abteilung Steinfurt, Fachhochschule Muenster, 
1996. 

Klett, T.R., Wendlandt, R.F., and Harrison W.J., (1996). Effects of aqueous carbon 
dioxide on reservoir quality of carbonak cemented sandstones: Final report: U S .  
Geological Survey. 

Harrison, W.J., Wendlandt, R.F., Ernstberger, J., Simon, J.I. and Chastain, E.A., 
(1996). Phase I Results: Acid bae r ing  capacity and metals mobility study, San Luis 
Valley agricultural soils, Alamosa, Colorado; Phase I Report, Colorado Department of 
Public Health and the Environment and the Environmental Protection Agency, 113p. 

Paschke, S.S. and Harrison W.J., (1996). Characterization of Iron Transport through 
a Natural Wetland Impacted by Acid Mine Drainage, Final Report, Colorado Water 
Resources Research Institute. 



Sanpawanitchakit, C., L, Figueroa and B.D. Honeyman. (1996) Partitioning of metals 
in secondary wastewater effluent. Report for the Edna Baily Sussman 
Foundation. 

Proposals Funded 
Title: Acid Buffering Capacity and Metals Mobility in Agncultural 
Soils, San Luis Valley. Date: 3/96 Funding Level: $122,386 Agency: Colorado 
Department of Public Health and Environment Co-workers: R.F. Wendlandt (PI) 
Duration: 3/96-12/97 

Title: Characterization of Iron Transport through a Natural Wetland Impacted by 
Acid Mine Drainage Date: 7/95 Funding Level: $15,000 Agency: Colorado Water 
Resources Research Institute Co-workers: D. Macalady and S.S. Paschke Duration: 
ended 9/96 

Presentations Made 
Wildeman, T. R., What is Geochemical Engineering?, Montana Tech of the U. of 
Montana, Butte MT, December, 1995. 

Wildeman, T. R., and P. D. Kelsey, Use of the ICP-AJ3S in Materials Science 
Research, CSM Materials Science Seminar, April, 1995. 

Harrison W.J., and Paschke, S.S., (1996). Reactive transport modeling of water-rock 
interaction and possible diagenetic applications to BasinMod: BasinMod User Group 
Meeting, Feb.1-2, 1996, Platte River Associates, Inc., Denver, Co. 

Harrison W.J. and Wendlandt, R.F., (1996). Summitville Technical Advisory Group: 
"Acid b d e r i n g  capacity and metals mobility study, San Luis Valley agricultural 
soils", Alamosa, November 14, 1996. 

PART N - NOTES TO THE PARTICIPANT TABLE 

1. 
basis for over 40 hours per year. Another 40 graduate students and 15 
undergraduates have had educational access to  the instrument. 

The data sheet lists the participants that used the ICP-AES on a research 

2. 
funds that acted as matching money for the grant. Such an arrangement was 
possible because Perkin-Elmer provided an extra purchase discount for the 
instrument. A total of $8,000 was used for undergraduate student wages. 

Three of the undergraduate students were paid by funds from institutional 
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