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U.S. Nuclear Regulatory Commission, NUREG/CR-2983, "Selected Hydrologic and
Geochemical Issues in Site Characterization for Nuclear Waste Disposal,"
Lawrence Berkeley-Laboratory, January 1983.

V... :. WthertpoonAP:. A., Lawrence.Berkeley .Laboratory,
.. e .dated' NoVeber 23, 79,. .23 -: : : *;

letter to Dr. -Colin Health, .-. -

3-13



(2) Emphasis should be given to forming a connection between natural occurrences
of radionuclide migration, site-specific repository conditions, field
experiments, and laboratory experiments. This connection is necessary to -

establish a basis for. extrapolating the results of laboratory analyses and -

short-term-field experiments for the. assessment of the performance of a'
repository- over long time periods. :Establishing such'an understanding
would assist in validation of numerical models and the rendering, of license
assessments.

.1 ..
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the initial phase of shaft construction (drilling of the surface hole to
the top of basalt formation).

*(6) Retrievability.of waste has not been given due consideration, and the
conceptual design appears to assume that retrieval is. a simple reversal of
waste emplacement. Details of plans to demonstrate the constructibility
.of waste emplacement holes,. and .the-feasibility. of emplacement and subse-
quent retrieval of waste are needed at an early date.
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The SCR refers to a simplified waste package utilizing 77-26 borosilicate
glass as the waste form, low carbon steel as the canister material, and
25 percent bentonite clay/75 percent crushed basalt backfill. It should be
noted, however, that other materials are being considered. Specifically, for
canister fabrication these are: titanium and ticode-12, inconel, hastelloy,
cupronickel, zircaloy, and stainless steel (Smith, 1989; BWIP View Graph,
1982). The reasons for concentrating on cast iron and carbon steel in this
study, in spite of their known high corrosion rates, are as follows:

(1) They are inexpensive and can therefore be used in large sections
(Charlot, 1981; Newby, 1982; Gause, 1982; Newby, 1981).

(2) They are easy to fabricate and most steel are easy to weld (Chariot, 1981;
Newby, 1982; Gause, 1982; Newby, 1981).

(3) Our knowledge of the characteristics and long-term reliability of carbon
steels and iron has been built up over centuries (Johnson, 1980).

Figures P-14 and P-15 provide an example of one canister construction and
emplacement design. In general, the canisters are prescribed to be very long
relative to their diameter. Proposed wall thicknesses range from 4 cm to
25 cm (BWIP View Graph, 1982; Newby, 1982; Newby, 1981).,
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volume is another important parameter effecting leach rates. However, the
difficulty in the determination of the total surface area makes the exact
formulation of this parameter extremely difficult. As parameters having
secondary effects on the leaching process., partial devitrification, internal
stress, surface roughness, and local inhomogeneity contribute to changes in
the leach rate. No quantitative data on the contribution of these parameters
are available at the present time.

In glass, local corrosion is not any more severe than general corrosion. Static
fatigue, however, should be recognized as an important mode of disintegration
over geological time. From the well-defined fracture mechanics, it is known
that there is a fatigue limit for borosilicate glass below which no cracking
occurs; however, changes at the microstructural level may modify the fatigue
limit hypothesis. Modifications may arise due to surface stress, solution pH,
humidity, temperature, pressure, and compositional and microstructural
inhomogeneity. With respect to radiation effects, radiolysis, radiation-induced
cracking and pH change require further investigation.

REFERENCES

Adams, P. B. , and D. L. Evans, "Chemical Durability of Bovate Glasses," L. D.
Pye, V. D. Frechette, and N. J. Kveidl, eds, in Borate-Glasses: Structure,
Properties, Aoolications, Plenum, New York, 1978.

Adams, P. B. , "Chemistry of Nuclear Waste Glass Reaction - Problems and Poten-
tial of Prediction," G. J. McCarthy, ed, in Scientific Basis for Nuclear Waste
Management, Vol 1, Plenum, New York, 1979.

Ahn, T. M., R. Dayal, and K. J. Swyler, "Chemical Durability and Structural
Stability of Molecular Stuffed Glass - An Evaluation," BNL Memorandum, 1980.

Barkatt, A., "Stability of Fixation Solids for High-Level Radioactive Wastes,"
in High-Level Radioactive Solid Waste Forms, USNRC NUREG/CP-0005, 1978.

Barkatt, A., "Static and Dynamic Tests for the Chemical Durability of Nuclear
Waste Glass," in press.

Boult, K. A. , "The Leaching of Radioactive Waste Storage Glasses," in Ceramics
in Nuclear Waste Management, CONF-790420, 1979.

Charles, R. J., Journal of the American Ceramic Society, 45, 105, 1962.

Doremus, R. H., "Chemical Durability in Glass", M. Tomozawa and R. H. Doremus,
eds, in Treatise on Materials Science and Technolocy, Vol. 17, Academic Press,
New York, 1979.

Doremus, R. H., Glass Science, Wiley Publications, New York, 1973..

Douglas, R. W. , and T. M. El-Shamy, Journal of the American Ceramic Society,
50 (1), 1967.

Q- 18



-

DPST-79-294, "Glass as a Matrix for SRP High-Level Defense Waste," Savannah
River Laboratory, 1980.

El-Shamy, T. M., and R. W.' Douglas, Glass Technology, 13, 77, 1972.

Ewest, E., "Calculations of Radioactivity Release Due to Leaching of Vitrified
HLW," G. J. McCarthy, ed, in Scientific Basis for Nuclear Waste Management,
Vol 1, Plenum Press, New York, 1979.

Godbee, H. W., et al., Nuclear and Chemical Waste Management, 1, 29, 1980.

Hench, L. L., D. E. Clark, and E. L. Yen-Bower, Nuclear and Chemical Waste
Management, 1, 59, 1980.

Hench, L. L. , D. E. Clark, and E. L. Yen-Bower, "Surface Leaching of Glasses
and Glass Ceramics," in High-Level Radioactive Solid Waste Forms, USNRC
NUREG/CP-0005, 1978.

Hench, L. L. , "Physical Chemistry of Glass Surfaces," in Proceedings of the
XIth International Congress on Glass, 1977.

Hench, L. L., Journal of Non-Crystalline Solids, 19 (27), 1975.

Holland, L., "Surface Chemistry and Corrosion of Glass," in The Properties
of Glass Surfaces, Wiley Publications, New York, 1964.

Macedo, P. B., et al., "Porous Glass Matrix Method for Encapsulating High-Level
Nuclear Wastes," in Ceramics in Nuclear Waste Management, CONF-790420, 1979.

Macedo, P. B., A. Barkatt, and J. H. Simmons, "A Flow Model for the Kinetics of
Dissolution of Nuclear Waste Glasses," Proceedings of ORNL Conference on the
Leachability of Radioactive Solids, Gatlinburg, Tennessee, 1980.

Machiels, A. J., "Prediction of Initial Leach Rates of Glass Waste Forms," in
Proceedings of the International Conference on World Nuclear Energy, Transac-
tions of the American Nuclear Society, 1980a.

Machiels, A. J., "Short-Term Leaching Behavior of Waste Forms," in Proceedings,
Workshop on Alternative Nuclear Waste Forms and Interactions in Geologic Media,
Gatlinburg, Tennessee, 1980b.

Mellinger, G. B., and L. A. Chick, "Effects of Composition on Waste Glass
Properties," in Ceramics in Nuclear Waste Management, CONF-790420, 1979.

Mendel , J. E. , Nuclear and Chemnical Waste Management, 1 (17), 1980.

Morey, G. W., The Properties of Glass, Reinhold, New York, 1954.

Nordberg, M. E., "Chemical Durability," Corning Glass Works, unpublished
manuscript.

Q-19



Tomozawa, M. , "Phase Separation in Glass," in The Properties of Glass Surfaces,
Wiley Publications, New York, 1964.

Wald, J. W. , and J. H. Westsik, "Devitrification and Leaching Effects in HLW
Glass - Comparison of Simulated and Fully Radioactive Waste Glass," in Ceramics
in Nuclear Waste Management, CONF-790420, 1979.

Walker, 0. 0., et al., "Effect of Radiation on Leaching of Borosilicate Glass -
Containing Defense High Level Nuclear Waste," paper presented at the 181st
National Meeting of the American Chemical Society, March 1981.

Weber, W. J. ,"Radiation Effects in Vitreous and Devitrified Simulated Waste
Glass," Proceedings, Workshop on Alternative Nuclear Waste Forms and Inter-
actions in Geologic Media, Gatlinburg, Tennessee, 1980(a).

Weber, W. J. , J. W. Wald, and W. J. Gray, "Radiation Effects in Crystalline
High-Level Nuclear Waste Solids," paper presented at the Materials Research
Society Annual Meeting, November 1980(b).

Westsik, J. H., and R. P. Turcotte, "Hydrothermal Glass Reactions in Salt Brine,"
in G. J. McCarthy., ed, Scientific Basis for Nuclear Waste Management, Vol 1,
Plenum, New York, 1979.

White, W. B., "Dissolution of Crystalline Waste Forms
ture in the Dissolution Process," Proceedings of ORNL
ability of Radioactive Solids, Gatlinburg, Tennessee,

II. The Role of Tempera-
Conference on the Leach-
1980.

Q-21



Benson, L. V., and L. S. Teague, "A Study of Rock/Water/Nuclear Waste Interac-
tions in the Pasco Basin, Washington," LBL-9677, Lawrence Berkeley Laboratories,
1979.

.,Cleveland, J. M., Env. Sci. Tech., in press, 1982.

Danielsi.W. R., and K. Wolfsberg, "Laboratory Studies of Radionuclide Distribu-
tion Between Selected Groundwaters and Geologic Media," LA-8952-PR, Los Alamos
National Laboratory, 1981.

Davis, J. A., R. 0. James, and J. 0. Leckie, "Surface Ionization and Complexa-
tion of the Oxide/Water Interface: I. Computation of Electrical Double Layer
Properties in Simple Electrolytes," in J. of Colloid Interface Sci. 63, 480-499,
1978.

Davis, J. A., and J. 0. Leckie, "Surface Ionization and Complexation at the
Oxide/Water Interface: II. Surface Properties of Iron Oxyhydroxide and Adsorp-
tion of Metal Ions," in J. Colloid Interface Sci. 67, 90-107, 1978.

Dosch, R. G. , "Assessment of Potential Radionuclide Transport in Site-Specific
Formations, SAND-79-2468, Sandia National Laboratory, 1980-

Dubinin, M. M., and L. V. Raduskevich, "Equation of the Characteristic Curve of
Activated Charcoal," in Proc. Acad. Sci. USSR Phys. Chem. Sect. 55,331-333, 1947.

Erdal, B. R., "Laboratory Studies of Radionuclide Distributions Between Selected
Groundwaters and Geologic Media, LA-7893-PR,- Los Alamos National Laboratory, 1979.

Erdal, B. R. , "Laboratory Studies of Radionuclide Distributions Between Selected
Groundwaters and Geologic Media, LA-8088-PR, Los Alamos National Laboratory, 1980.

Erdal, B. R., et al., "Sorption and Migration of Radionuclides in Geologic Media,'t

LA-UR-78-2746, Los Alamos National Laboratory, 1978.

Francis, C. W., and E. A. Bondietti, "Sorption-Desorption of Long-Lived Radio-
nuclide Species on Geologic Media," PNL-SA-8571, Vol 2, 81-133, Pacific Northwest
Laboratories, 1979.

Francis, C. W., M. Reeves, R. S. Fisher, and B. A. Smith, "Soil Chromatograph
Kd Values," PNL-SA-6957, Pacific Northwest Laboratories, 1977-

Helling, C. S., and B. C. Turner, "Pesticide Mobility: Determination by Soil
Thin-Layer Chromatography," in Science, 162, 562-563, 1968.

Helling, C. S., "Pesticide Mobility in Soils. I. Parameters of Thin-Layer
Chromatography. .II. Application of Soil Thin-Layer Chromatography," in Soil
Sci. Soc. Amer. Proc., 35, 732-743.

Langmuir, D., "The Power Exchange Function: A General Model for Metal Adsorp-
tion onto Geologic Materials," in Adsorption from Aqueous Solutions, P. H. Tewari,
ed, Plenum Press, 1-17, 1981.

T-21



NRC, "Nuclear Regulatory Commission, 10 CFR 60, Disposal of High-Level
Radioactive Wastes in Geologic Repositories," Federal Register, Vol. 46,
No. 130, Proposed Rules, July 8, 1981

Phillips, S. L. , and L. F. Silvester, "A Data Base for Nuclear Waste Disposal
for Temperatures up to 3000C," LBL-14722, Lawrence Berkeley Laboratory,
Berkeley, California, 1982.

Polansky, P. , and J. Baer, "Ultrafiltration of Solution of Yttrium in Trace
Concentrations," Collection Cechoslov. Chem. Commun. , 42, pp. 1299-1303, 1977.

Rai, D., and R. J. Serne, "Solid Phases and Solution Species of Different
Elements in Geologic Environments," PNL-2651, 129 pp., 1978.

Rai, D., R. J. Serne, and D. A. Moore, "Solubility of Plutonium Compounds and
Their Behavior in Soils, in Soil Sci. Soc. of America J., 44, 490-495, 1980O

Stumm, W. S., and J. J. Morgan, "Aquatic Chemistry: An Introduction Emphasizing
Chemical Equilibria In Natural Waters," John Wiley & Sons, New York, pp. 780,
1981.

Westall, S. C., J- L. Zachary, and F. M. M. Morel, "MINEQL: A Computer Progran
for the Calculation of Chemical Equilibrium, Composition of Aqueous Systems,"
Technical Note 18, Department of Civil Engineering, MIT, Cambridge, Massachusetts,
1976.

Zimmerman, H. K. , Jr., "The Experimental -Determination of Solubilities,"
Chemistry Revision 51, pp. 25-65, 1952.

U-14

_ - .


