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(2) Emphasis should be given to forming a connection between natural occurrences
of radionuclide migration, site-specific repository conditibns, 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.

“"zrepos1tory over- Tong time periods.  Establishing such an understanding
would. assist in validation .of numerical models and the renderIng of license
assessments
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the initial phase of shaft construction (drilling of the surface hole to
the top of basalt formation).

(B) Retr1evab111ty of waste has not been given due cons1deﬁat10n, 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 ‘hales, and .the-feasibility .of emplacement and subse—
quent retrieval of waste are needed at an early date.

REFERENCES

Anttonen, J. H., BWIP, letter to H. J. Miller, Subject: "“Response to NRC
January 13 1983 Request for Additicnal Informat1on on the BWIP Exploratory
Shaft," February 23, 1983.- .

BWIP, “Nuclear Waste Repository in Basalt, Project B- 301 Functional Design_
Cr1ter1a," Rockwell Hanford Operations, RHO Bw-DC-1P, March 1982.

- Mi]]er, H. J., NRC, letter to J. H. Anttonen, BWIP, Subject: "Additional
.3 Information Request on the BWIP Exploratory Shaft Construction and Sealing

"~ Program,” January ‘13, 1983. N .
NUREG/CR-2547, "Evaluation of Geotechnical. Surveillance Techniques for
Monitoring High-Level Waste Repository Performance," J..F. T. Agapito and
Associates, March 1982. o
NUREG/CR-2854, "Evaluation of Alternative Shaft Sinking Techniques For High4
Level Nuclear Waste (HLW) Deep Geologic Repositories,". Golder Associates,
March 1, 1983.

NUREG/CR-2910, "Thermal Impéct of Waste Emplacement and Surface Cooling Asso-
ciated with Geo1og1c Disposal of Nuclear Waste," Lawrence Berkley Laboratory,
March 1983. : A

NUREG/CR-2959,'"ReTationship of an In Situ Test Facility to a Deep Geologic
“Repository ‘for High Level Nuclear Waste," Golder Associates, March 1; 1983,

" NUREG/CR-3065, "In Situ Test Program Related to Design and Construction of High~
Level Waste (HLW) Deep Geologic Repositories," Golder Associates, March 1,
1983. .

'NUREG/CR-3218, "Evaluation of Engineering Aspects of Backfill Placement for
High-Leve] waste (HLW) Deep Geologic Repositories," Golder Associates,

;jéf unpublished report.

f . 0Olson, 0. L BWIP, letter to H. J. Miller, NRC, "DOE/NRC Repasitory Design
‘5"' WOrkshop, October 5 and 6, 1982, Richland, Wash1ngton " October 15, 1982.

¢

Science Applications, Inc., “Thermomechanical Analysis of Nuclear Waste
Repositories with Horizontal Emplacement," ONWI-210, September 1S82.

6-13



/

Draft NUREG/CR-3219, "Draft Staff Technical Position on Waste Package Reliability,"
unpub]ished report. . .- o . N
Brush L. N., "WOrkshop onithe Leaching Mechanism of Nuclear Waste Forms, . -
May 19*21 "1982. - Summary. Report," J. E. Mendel, Section 6.8, “Waste Glass -_ o

" Seabed' Sed1ment Interactionss 0bservat1ons of the Soret Effect " PNL- 4382,

Sand1a Nat1ona1 Laboratory, August 1982. =

D'Alessandro, M., "A Probabilistic Approach to the Assessment of the Long-Term
Risk Linked to the Disposal of Radiocactive Waste in Geologic Repositories," in
Radiocactive Waste Management and the Nuclear Fuel Cycle, Vol- 3(2), pp. 117-136,
December 1982.

Eastwood, D., "Chemical Failure Modes of Bentonite and Zeolites in Discrete
Backfill for Nuclear Waste Repositories - Draft Report," BNL-NUREG-31770,
August 1982.

G1ass, R. S., "Effec£S»of Radiation on the Chemical Environment Surrounding
Waste Canisters in Proposed Repository Sites and Possible Effects on the Corrosion
Process," Sandia National Laboratory, SAND 81-1677 1981.

Hench, L., NRC Research Contractor Meet1ng Report, Silver Spring, Maryland,
October 7- 8 1982 .

Iman, R. L., and Conover, W. J., "Sensit%zfiy_Analysis Techniques: Self-

Teaching Curriculum,” Sandia National Laboratory, NUREG/CR-2350, June 1982.

Macedo, P. B., et al., "Aluminosilicate §atu;ates As A Solubility Control in
Leaching of Nuclear Waste-Form Materials,"” Workshop on the Leaching Mechan1sms
of Nuclear Waste Forms PNL-4382, May 1982

McVay, G. L., "Review of Recent PNL Research Activities Related to Glass Leaching
Mechanisms of Nuclear Waste Forms, May 19-21," PNL-4382, August 1982.

Office of Nuclear Waste Iso]ation, “Stripa In-Situ Measurements," 0NWI-9(4) 1981.
o ST ;

Parkins, R. N. "Deve]opment of Strain-Rate Testing and Its Implications,” ASTM
Spec1a1 Techn1ca1 Pub11cat1on 665, May 1977.

Pusch, R., "The Influence of Rock Movement on the Stress-Strain Situation in .
Tunnels or Boreholes With Radicactive Canisters Embedded in a Bentonite/Quartz
Buffer Mass," KBS-TR-22, 1977.

Reynolds, G., “Corrosion and Reliability Modeling,” GA Techno1og1es Progect

No. 3386, November 1982.

Westinghouse'E1ectric Corporation, "Engineered Waste Package Concebtua1 Design =
Defense High Level Waste (Form 1), Commercial High Level Waste (Form 2),
Disposal in Basalt," AESD-3113, Appendix A, 1981.

Westinghouse Electric Corporation, "Waste Package Conceptual Design for a
Nuclear Repository in Basalt)" RHO-BW-CR-136P/AESD-TME-3142, October 1382.

7-14




" DOE-RL, 1982, “Proiect Management Syéﬁems,“ DOE~RL Order 5700.2,.U.S. Departmen
. of Energy, Richland Operations Office, Richland, Washington, March '15, 1882, -

_ - Hitter, H.J., NRC, Tetter to J. M. Anttonen, BWIP, "Additional Information.

~ . Reguest on the BWIP" Exploratory. Shaft Construction and Sealing Program,"
January 13, 1983. )

10~-4



Iwasaki, T., S. Wakabayashi, and F. Tatsuoka, "Characteristics of Underground
Seismic Motions at Four Sites around Tokyo Bay," Wind and Seismic Effects,
Proceedings of the Eighth Joint Panel Conference of the U.S./Japan Cocperative
Program in Natural Resources, NBS Special Bulletin 477, pp. III-41-111-56, 1977.

McClure, C. R., "Damage to Underground Structures During Earthquakes," Proceedings
Seismic Performance of Underground Facilities, 1974, E.I. du Pont de Nemours & Co., _-
p. 75, R. K., 1981l. :

McGuire, "Seismic Structural Response Risk Analysis, Incorporating Peak Response
Regression on Earthquake Magnitude and Distance,” Ph.D. Thesis, Massachusetts
Institute of Technelogy, Cambridge, MA.

Pratt, H. R., "Earthquake Damage to Underground Facilities and Earthquake
Related Displacement Fields," Proceedings Seismic Performance of Underground
Facilities, E.I. du Pont de Nemours & Co., p. 43, 1881.

Stevens, P. R., "A Review of the Effects of Earthquakes on Underground Mines,"
U.S. Geol. Survey. Open-File Report. 77-313, 47 pp, 1977.

Vortman, L. J., and J. W. Long, "Effects of Repository Depth on Ground Motion -
The Pahute Mesa Data, Sandia National Laboratories, SAN082-0174, 1982.

Woodward-Clyde Consultants, "Effective Peak Acceleration for Nuclear Power Plant

Design," Technical proposa] on Engineering Characteristics of Ground Motron
submitted to the U.S. Nuclear Regulatory Commission, 1981.

0-3




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 (Charlot, 1981;
Newby, 1982; Gause, 1982; Newby, 1981).

(3) Our knowledge of the ché}acte;iéfiééuéndvloné-féfﬁwféi{;biiity 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, 13982; Newby, 1982; Newby, 1981).

REFERENCES

American Society for Metals, Metals Handbook Vol 1, Preperties and Selection
of Metails, 8th ed, 1961. )

Anderson, W. I., "Corrosion Tests of Canister and Overpack Materials in Simu-
lated Basalt Groundwater," Rockwell Hanford Operations, Richland, Washington,
1981. . g

Arup, H. H., and G. Glatz, "An Evaluation of Corrosion of Sheer Steel Piling

in Danish Harbors," 2nd International Congress on Metallic Corrosion, p. 767,
1963. . )

_Barkman, L., "Conservation of Rusty. Iron Objects by Hydrogen Reduction," Corro
sion and Metal Artifacts - A Dialogue Between Conservaters and Archeologists
and Corrosion Scientists, National Bureau of Standards, Special Publication
479, p. 155, 1877.

Berge, Ph, C. Ribon, and P. Saint Paul, "Effects of Hydrogen on the Corrosion
of Steel in High Temperature Water," Corrosion, Vol 33, No. 5, p. 173-178, 1977.

Bhat, U. V., "Diffusion of H, in Steel," Indian Institute of metals - Transac-
//// tions, Vol ?, No. ?, pp. 279-289, 1952.

Bloom, M. C., and M. B. Strausé, "Corrosion Mechanisms in the Reaction of Steel
with Water and Oxygenated Solutions at Room Temperature and 316°C," J. Electro-
chemical Society, Vol 107, No. 2, pp. 73-79, 1960.

P-15



Braithwaite, I. W., and M. A. Nolecke, "Nuclear Waste Canister Corrosion Studies
Pertinent to Geologic Isolation," Nuclear and Chemical Waste Management, Vol 1,
pp. 37-50, February 1980.

Braithwaite, I. W., and N. I. Magnani, "Corrosion Considerations for Nuclear
Waste Isolation Canisters,”™ in The Scientific Basis for Nuclear Waste Manage-
ment, Vol 2, Plenum Press, New York, pp. 283-287, 1S79.

Bureau of Reclamation, Corrosion of Some Ferrous Metals in Soil with Emphasis
on Mild Steel and Grey and Ductile Cast Irons, U.S. Department of Interior,
Washington, 0.C., 1865.

Butler, G., and H. C. K. Ison, "Some Factors Influencing the Aqueous Corrosion
of Ferrous Materials at Elevated Temperatures," 1st International Congress on
Metallic Corrosion, pp. 408-416, 1961.

BWIP Project View Graph Presentation for NRC Review Team, Richland, Washington,
June 9, 1882.

Byalobzhesky, A. V., "General Regularities of Corrosion of Metals Under Radio-
active Irradiation,” 3rd International Congress on Metallic Corrosion, Vol 4,

_pp. 287-293, 1966.

Charlot, L. A., and R. E. Westerman, "Corrosion Resistance of Cast Irons and
Titanium Alloys as Reference Engineered Metal Barriers for Use in Basalt Geo-
logic Storage: A Literature Assesment," PNL-3569, Pacific Northwest Labs,
Richland, Washington, 1881.

Cramer, S. D., and I. P. Carter, “Corrosion in Geothermal Brines of the Salton
Sea Known Geothermal Resource Area," in Geothermal Sealing and Corrosion, ASTM
Technical Publication 717, Philadelphia, Pennsylvania, p. 113-141, 1979.

Dresselaers, I., F. Casteels, and H. Tas, "Corrosion of Construction Materials
in Clay Environments," SCK/CEN Studiecentrum voor Kernenergie, Boeretang 200,
B~2400 Belgium.

Effertz, P. H., "Morphology and Composition of Magnetic Layers in Boiler Tubes
Following Long Exposure," 5th International Congress on Metallic Corrosion,
p. 920-924, 1972.

Evans, U. R., The Corrosion and Oxidation of Metals: Scientific Principles

and Practical Applications, New York: St. Martin's Press, Inc., pp. 270, 438,
1960.

Feigenbaum, C., L. Gal-Or, and I. Yahalom, "Scale Protection Criterion in
Natural Waters," in Corrosion, Vol. 34, No. 4, pp. 133-137, 197/8.

Fujita, N. M. A., and T. Tamura, "Stress Corrosion Cracking of Sensitized
Type 304 Stainless Steel in High Temperature Water Under Gamma Ray Irradiation,”
in Corrosion, Vol 37, No. 6, pp. 335-341, 1981. .

P-16



MacDonald, D. D., B. C. Syrett, and S. S. W1ng, "The Use of Potential pH Diagrams
for the Interpretat1on of Corrosion Phenomena in H1gh Sa11n1ty Geothermal Brines,"
in Corrosion, Vol 35, No. 1, pp. 1-11, 1979.

Mears, R. B., and U. R. Evans, Trans. Faraday Society, Vol 31, p. 527, 1935.

Molecke, M. A., I. A. Ryppen, and"R. B." Diegle, YMaterials for High Level Waste
Can1ster/0verpqcks in Salt in Basalt," AESD-TME-3113 West1nghouse Electric
Corporation, P1ttsburgh PennsyTvan1a 1981

Molecke, M. A., et al., "Sandia High Level Waste Can1ster/0verpack Studies Appli-
cable for a Sa]t Repos1tory,” SAND 81-1585, Sandia National Laboratories,
Albuquerque, New Mexico, 1981.

Newby, D., et al., "Waste Package Designs for Diposal of Nuclear Waste in Tuff,"
AESD-TME-3138, Westinghouse Electric Corporation, Pittsburgh, Pennsylvania, 1982.

- Newby D., et al., "Engineered Waste Package Conceptual Design Defense High-Level
Waste (Form 1), Commercial High Level Waste (Form 1) and Spent Fuel (Form 2)
Disposal in Basalt," AESD-TME-3113 Westinghouse tlectric Corporation, Pittsburgh,
Pennsylvania, 1981. :

Ogura, K., and Ohama, T., "Pit Formation in the Cathodic Polarization of Passive
Iron II Effects of Anions," in Corrosion, Vol 37, No. 10, pp. 569-574, 1981.

0ldfield, J. W., and W. H. Sutton, Journal of British Corrosion, Vol 13, p. 13,
1978. T

Olsen, E., and W. Szybalski, "Aerobic Microbial Corrosion of Water Pipes,”
Corrosion, Vol 16, No. 12, pp. 405-414, 194S.

Parking, R. N., "Stress Corrosion Cracking of Low-Strength Ferritic Steels," in
,/’/,The'Theory,of Stress in Alloys, NATO, Brussells, 1S71.

Piccinini, R., M. Marek, A. J. E. Pourbaix, and R. F. Hochman, "A Study of
Simulated Stress Corrosion Crack Tip Electrochemical Reactions,”" in Local-
ized Corrosion, Williamsburg, VA, pp. 179-183, 1971. -

‘Potter, E. C., "Oxidation of Steel in Hot Aqueous Conditions and Its Signifi-
cance in Steam Boiler Technology," 3rd Interpational Congress on Metallic
Corrosion, Vol 4, pp. 211-218, 1966.

Potter, E. C., and F. M. W. Mann, "Oxidation of Mild Steel in High-Temperture

Aqueous Systems," 1st International Congress on Metallic Corrosion, pp. 417-4289,
1960. .

Pourbaix, M., Lectures on Electrochemical Corrosion, -Plenum Press, New York,
pp. 17, 223-225, 269-280, 1973.

Reinhart, F., "First Results - Deep Ocean Corrosion, in Geomaine Technology,
v295 - v306, September 1965.

P-18



A

/

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 jnhomogeneity 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 geclogical time. From the well-defined fracture mechanics, it is known
that there is a fatigue 1imit for borosilicate glass below which no cracking
occurs; however, changes at the microstructural level may modify the fatigue
1imit 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.
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