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"the portion of the controlled area the physical or
chemical properties of which have changed as a
result of underground facility construction oras a -
result of heat generated by the emplaced radioactive
wastes such that the resultant change of properties
may have a significant effect on the performance of
the geologic repository.” 10 CFR Part 60.2

NRC considers changes in permeability and porosity
define the Disturbed Zone.

This ignores changes in state of the pore (and fracture)
fluid and associated effects.



Geochemical Concerns Regarding 8
| the Disturbed Zone |

- Mass Transport (dissolution) in a Thermal Gradient

- Changes in Vadose Zone Water Chemistry:
Corrosion of Canisters
Leaching of Waste Forms

-« Local Saturation Surrounding Dried Out Zone:
Perched Water Bodies above Repository
Saturated Fractures

- Thermal Fracturing of Repository Horizon Rock:
Boiling of Pore Water during Heating Phase
Massively Cemented Zones during Cooling

AN



Vadose Zone, Yucca Mountain, Nevada

Thickness
Hydrogeologic Unit Range, m Remarks
| Tiva Canyon, welded 0- 150

| Paintbrush nonwelded 20 -100 Partially Zeolitic

Topopah Spring welded 290 - 860 Repository Horizon

Calico Hills nonwelded Potential Retardation

100 - 400

(vitric)

Yy _

- Standing Water Level

Calico Hills nonwelded

(zeolitic)

Crater Flat unit:

Prow Pass, Bullfrog,

Tram members
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Mass Transport

Thermal Gradient Reactor Experiment

Iron Oxyhydroxides

Condensation Zeolites

Opaline Silica

Vapor Transport

Zone of Boiling

Gravity Return of Liquid Water




Changes in Vadose Water Chemistry

within the Disturbed Zone

. Boilihg of Vadose Zone Water Produces:

High pH waters (pH jumps to 9 with small amounts of boiling,

and is over 10 near dryness)
Mineral Precipitates of Calcite, Amorphous Silica, Albite, and Talc

K Condensation of Boiled Gases Produces:

Carbonic Acid Liquid with pH of 6 at 100°C (4.6 at 25°C)
Series of Mineral Assemblages (when reacted with welded tuff)
that include Alkali Feldspar, Zeolites, Hematite, Amorphous Silica,

Laumontite, and Pyrophyllite.
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Stability of Sorbing Minerals }
Example: Clinoptilolite |

Stability of Clinoptilolite decreases with increasing
Temperature (=> Kaolinite)
Aqueous Al activity (=> Kaolinite + Pyrophyllite)
Aqueous activity ratio of Na+/H+ (=> Albite)
Aqueous activity ratio of Ca2+/H+ (=> Calcite +
Epistilbite + Scolecite)

Stability increases with increasing aqueous
Silica activity.

- CONCLUSION: Clinoptilolite will become unstable
within the Disturbed Zone as boiling of vadose
waters proceeds.
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Redistribution of Water Within

Disturbed Zone

Water in Topopah Spring matrix = Porosity * Mean Saturation
= 0.11 * 0.65
= 0.0715 (7.15% by volume)

Initial areal power density of 57 kw/acre, 95°C isotherm will reach
maximum extent of 20m (10m above and below midline of
repository) in approximately 90 years.

Volume of displaced liquid water = 2,000 acres * 20m * 0.0715
= 9,381 acre-feet

RESULT: Extensive envelope of fracture (and perhaps
matrix) saturation totally surrounds repository.

Recharge flux also accumulates.
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A Site Specific, Reallstlcally
Defined Dlsturbed Zone

Is Required to be able to calculate:
- Travel Time

- Colloid and Particulate Transport -
- Mineral Stability

- Changes in Vadose Water Chemistry
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Schematic Diagram
Disturbed Zone Boundary

10

Land Surface
Disturbed Zone

Boundaries:
Fractures 1. Conceptual
and Generic
2. Realistic and
Site Specific
M
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Conclusions Regarding the

Disturbed Zone

. Significant Mass Transport may occur that could:
- Affect the mechanical stability of the repository horizon
- Cause local changes in permeability and porosity.

- Irreversible alteration of potentially sorbing minerals.

- Significant changes in Vadose Water Chemistry would affect
- Corrosion rates of canisters, and
- Dissolution rates of the waste form.

« Redistribution of water within and near the Repository
by the thermal pulse may result in:
- Thermal fracturing of repository-level host rock, and
- Formation of locally saturated zones by condensation.
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References for Disturbed Zone Talk

Bowers, T. S. and Burns, R. G., 1988, Activity Diagrams for Clinoptilolite: susceptibility
of this zeolite to further diagenetic reactions: American Mineralogist [manuscript
submitted].

Newcomb, W. D. and Rimstidt, J. D., 1988, An experiment to simulate mass transport
near Yucca Mountain High Level Radioactive Waste Repository: Abstract
presented at the 100th Geological Society of America Annual Meeting, Denver,
Colorado.

Reed, M. H. and Spycher, N. F., 1988, Chemical modeling of boiling, condensation,
fluid-fluid mixing and water rock reaction using programs CHILLER and SOLVEQ:
Abstract presented at the 196th American Chemical Society Meeting, Symposium
on Chemical Modeling of Aqueous Systems [l, Los Angeles, California.
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DON L. SHETTEL, JR.

EDUCATION: :
Ph.D., 1978, Pennsylvania State University, in Gecchemistry and Mineralogy.
M.Sc., 1974, Pennsylvania State University, in Geochemistry.
B.Sc., 1871, University of Michigan, in Geology (with honors).

PROFESSIONAL EXPERIENCE:

Senior Geochemist, Treasurer, and Associate, Mifflin & Associates, Inc., Las Vegas, Nevada.
As a technical consultant to the State of Nevada's Nuclear Waste Project Office, moni-
tored and evaluated federal environmenta! assessment and site characterization efforts
at the Yucca Mountain proposed nuclear waste repository. Conducted geochemical
research on suitability of Yucca Mountain as the nation's first nuclear waste repository.
Performed geochemical and hydrogeological modeling of vadose zone to determine
extent of “disturbed zone.” Oversaw development of quality assurance and quality
control program for drilling and sampling of the vadose zone in the vicinity of Yucca
Mountain. Reviewed technical documents of DOE and their subcontractors pertaining to
the nuclear waste repository. 1986 to present.

Senior Research Geochemist, Reservoir Diagenesis Section, Exxon Production Research
Company, Houston, Texas. Improved porosity prediction by investigating sandstone
diagenesis by geochemical modeling (EQ3/6), isotopic methods, mass balance
calculations, and microscopy. Developed model for carbonate cementation in
sandstones based in part on stable isotope geochemistry and microscopy of sandstones
from around the world. Established stable isotope laboratory for carbon and oxygen
isotopic measurements on carbonates in rocks and calcareous microfossils that resulted
in improved turn-around time and quality contro! of isotope analyses. Supervised and
trained a technician to operate laboratory, 1982 to 1986.

Staff Geoscientist, Data Integration Group, Geology Division, Bendix Field Engineering Cor-
poration, Grand Junction, Colorado. Improved uranium resource assessment by
developing computer software and standardizing statistical analysis procedures for the
interpretation and display of geochemical exploration data. Interpreted over 250,000
hydrogeochemical and stream-sediment samples consisting of over 5 million analyses
and reported results. Combined solution-mineral equilibria computer models (PHREEQE
and WATEQF) with standard interpretation techniques of geochemical data that aided
uranium resource assessment. Supervised three professionals and one technician to
develop and use software for interpretation of geochemical exploration data, 1978 to
1982.

Faculty Research Associate (Geochemistry Section), Arizana State University, Department of
Chemistry, Tempe, Arizona. Designed and tested a mixing cell for performing
caleorimetry on geothermal brines, 1977 to 1978.

Research Assistant, Department of Geosciences, Pennsylvania State University, University
Park, Pennsylvania. Conducted hydrothermal experiments and stable isotope mass
spectrometry that resulted in a new model for low 18-O magmas. Built fluorination line
for oxygen isotopic analyses of silicates and trained other research assistants in its use
which enabled completion of research. Developed computer software for geochemical
calculations of fluid and isctopic equilibria and mineral stability, 1971 to 1977.

Assistant Field Geologist, Mineral Exploration Division, Humble Qil & Refining Company,
Bangor, Maine. Conducted reconnaissance geologic mapping and gecchemical and
geophysical surveys that resulted in prospects for drilling, Summer1971.
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PROFESSIONAL AFFILIATIONS:
American Association for the Advancement of Science
American Geophysical Union
Apple Programmers and Developers Association .
Association of Ground Water Scientists and Engineers (a division of NWWA)
Computer Oriented Geologica! Society
Geochemical Society
International Association of Geochemistry and Cosmochemistry
International Association of Mathematical Geologists

PUBLICATIONS:

Rimstidt, J.D., W.D. Newcomb, and D.L. Shettel, Jr., 1989, An experiment to simulate mass
transport near the Yucca Mountain High Level Radicactive Waste Repository (in
preparation for submittal to Applied Geochemistry).

Rimstidt, J.D., W.D. Newcomb, and D.L. Shettel, Jr., 1989, A vertical thermal gradient
experiment to simulate conditions in vapor dominated geothermal systems, epithermal
gold deposits, and high level radioactive waste repositories in unsaturated media
{abstract submitted to International Water-Rock Conference, Malvern, England).

Zinkl, R. J., D. L. Shettel, Jr., and R. F. D'Andrea, Jr., 1882a, PLTLBL: A FORTRAN
computer program for labeling geochemical sample locations: U.S. Dept. of Energy
Open-File Report GJBX-192(82).

Zinkl, R. J., D. L. Shettel, Jr., and R. F. D'Andrea, Jr., 1982b, PLTSYM: A FORTRAN
computer program to plot Canadian symbol location maps for hydrogeochemical and
stream sediment reconnaissance data: U.S. Dept. of Energy Open-File Report GJBX-
193(82).

Shettel, D. L., Jr., 1981, Comparison of solution-mineral equilibria with single- and multi-
element statistical techniques for uranium exploration: east-central Minnesota detailed
hydrogeochemical survey: Talk presented at the Joint USGS-DOE-BFEC Uranium
Geology Symposium at the Colorado School of Mines, Golden, Colorado, May 4-5,
1981.

Shettel, D. L., Jr., R. F. D'Andrea, Jr., and R. J. Zinkl, 1981, Comparison of solution-mineral
equilibria with single element and statistical methods in hydrogeochemical exploration
of uranium (abstr.): Bulletin of the American Association of Petroleum Geologists, vol.
65, no. 5, p. 992. (Poster session at AAPG Annual Mtg., San Francisco, California).

Zinkl, R. J., R. F. D'Andrea, Jr., and D. L. Shettel, Jr.,, 1981a, OREDIT: A FORTRAN
computer program to process Oak Ridge HSSR [hydrogeochemical and stream
sediment reconnaissance] data: U.S. Dept. of Energy Open-File Report GJBX-10(81).

Zinkl, R. J., R. F. D'Andrea, Jr., and D. L. Shettel, Jr., 1981b, FORTRAN computer
programs to read, sort, and edit Los Alamos hydrogeochemical data: U.S. Dept. of
Energy Open-File Report GJBX-11(81).

Shettel; D. L., Jr., and R. F. D'Andrea, Jr., 1981, Application of solution- mineral equilibria in
hydrogeochemical expioration for unconformity-related uranium deposits (abstr.):
Abstracts with Program, Geological Society of America Annual Mtg., Cincinnati, Ohio.
(Poster session).

Shettel, D. L., Jr,, R. F. D'Andrea, Jr., and R. J. Zinkl, 1980a, LLLSRT: A FORTRAN
program for processing Lawrence Livermore Laboratory HSSR [hydrogeochemical
and stream sediment reconnaissance} data: U.S. Dept. of Energy Open-File Repont
GJBX-247(80).

Shettel, D. L., Jr., R. F. D'Andrea, Jr., and R. J. Zinkl, 1980b, FACEDT: A FORTRAN
program to process hydrogeochemical and stream sediment reconnaissance data for
multivariate statistical analysis: U.S. Dept. of Energy Open-File Report GJBX-247(80).

Zinkl, R. J., D. L. Shettel, Jr., and R. F. D'Andrea, Jr., 1980, FORTRAN computer programs
for processing Savannah River Laboratory HSSR [hydrogeochemical and stream
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sediment reconnaissance] data: U.S. Dept. of Energy Open-File Report GJBX-
248(80).

D'Andrea, R. F., Jr., D. L. Shettel, Jr., and R. J. Zinkl, 1980, Application of regional
geochemical data to uranium exploration (abstr.): Bulletin of the American Association
of Petroleum Geologists, vol. 64, no. 5, p. 695-696. (Poster session at AAPG Annual
Mtg., Denver, Colorado).

Shettel, D. L., Jr, 1978, Experimental determination of oxygen isotopic fractionation
between HZO and hydrous silicate melts: Ph.D. Thesis, The Pennsylvania State

University, 115 p.

Kogarko, L. N., C. W. Burnham, and D. L. Shettel, Jr., 1977, The role of water in agpaitic
magmas (in Russian): Geokhimiya 18977(5), p. 643-651.

Shettel, D. L., Jr., and H. Ohmoto, 1976, Oxygen isotopic fractionation between hydrous
silicate melts and H20: Abstracts with Program, Geological Society of America Annual

Mtg., Denver, Colorado, p. 1105.
Ohmoto, H., D. M. Kerrick, and D. L. Shettel, Jr., 1975, Stability of graphite-bearing
metamorphic mineral assemblages in P-T-f02 space: Abstracts with Program,

Geological Society of America Annual Mtg., Salt Lake City, Utah, p. 1217-1218.
Ohmoto, H. and D. L. Shettel, 1974, Effect of fO, on the hydrogen and oxygen isotopic

compositions of minerals at high temperatures and pressures: Abstracts with
Program, Geological Society of America Annual Mtg., Miami Beach, p. 898.
Shettel, D. L., Jr.,, 1974, The solubility of quartz in supercritical H20-002 fluids: M.Sc.

Thesis, The Pennsylvania State University, 52 p.

Burnham, C. W., B. N. Ryzhenko, and D. L. Shettel, 1973, Water solubility of corundum at
500°-800°C and 6kb: Geokhimiya, no.12, p. 1880, and Geochem. Internat., vol. 10, p.
1374,

Shettel, D. L., Jr., 1973, The solubility of quartz in H20-002 fluids at Skb and 500°-900°C:

EQS, vol. 54, p. 480.
Essene, E. J., V. J. Wall, and D. L. Shettel, 1973, Equilibria in CaO-MgO-SiOZ-HZO: EOS,

vol. 54, p. 480.

CONSULTANT REPORTS FOR THE STATE OF NEVADA:

Mifflin & Associates, Inc., 1988, Review of:. Consultation Draft of the Site Characterization
Plan, Yucca Mountain Site, Nevada Research and Development Area, Nevada
(DOE/RW-0160, January 1988).

Mifflin & Associates, In¢.,, 1987, Technical Review Comments on the Environmental
Assessment: Yucca Mountain Site, Nevada Research and Development Area,
Nevada ( May 1986, Volis. 1, II, Il [DOE/RW-0073]).

Johnson, C.L., M.D. Mifflin, and D.L.. Shettel, Jr., 1986, Review and Recommendations on:
Draft Generic Technical Position on Groundwater Travel Time by R. Codell,
U.S.N.R.C., 30 June 1986.

UNITED STATES DEPT. OF ENERGY OPEN-FILE REPORTS (with R. F. D'Andrea, R. J. Zinkl,

S. L. Langfeldt, and C. A. Youngquist):

Uranium hydrogeochemical and stream sediment reconnaissance [H.S.S.R.] of the
Tucumcari NTMS Quadrangle, New Mexico/Texas: Bendix Field Engineering Corp.
Rept. No. GJBX-183(81), 88 p., 4 pl., October, 1981.

Uranium H.S.S.R. of the Haure NTMS Quadrangle, Montana: Bendix Field Engineering
Corp. Rept. No. GJBX-184(81), 149 p., 5 pl., October, 1981.

Uranium H.S.S.R. of the Lake Clark NTMS Quadrangle, Alaska: Bendix Field Engineering
Corp. Rept. No. GJBX-203(81), 114 p., 5 pl., August, 1981,

Uranium H.S.S.R. of the Anchorage NTMS Quadrangle, Alaska: Bendix Field Engineering
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Corp. Rept. No. GJBX-204(81), 132 p., 5 pi., August, 1981.

Uranium H.S.S.R. of the Christian NTMS Quadrangle, Alaska: Bendix Field Engineering
Corp. Rept. No. GJBX-205(81), 109 p., 5 pl., August, 1981.

Uranium H.S.S.R. of the Kerai NTMS Quadrangle, Alaska: Bendix Field Engineering Com.
Rept. No. GJBX-206(81), 86 p., 5 pl., August, 1981.

Uranium H.S.S.R. of the Norton Bay NTMS Quadrangle, Alaska: Bendix Field Engineering
Corp. Rept. No. GJBX-207(81), 1981.

Uranium H.S.S.R. of the Ambler River NTMS Quadrangle, Alaska: Bendix Field
Engineering Corp. Rept. No. GJBX-208(81), 149 p., 6 pl., August, 1981.

Uranium H.S.S.R. of the White Sulfur Springs NTMS Quadrangle, Montana: Bendix Field
Engineering Corp. Rept. No. GJBX-226(81), 198 p., 13 pl., November, 1981.

Uranium H.S.S.R. of the Wiseman NTMS Quadrangle, Alaska: Bendix Field Engineering
Com. Rept. No. GJBX-257(81), 99 p., 3 pl., September, 1981.

Uranium H.S.S.R. of the Hughes NTMS Quadrangle, Alaska: Bendix Field Engineering
Corp. Rept. No. GJBX-258(81), 75 p., 8 pl., September, 1981.

Uranium H.S.S.R. of the Philip Smith Mountains NTMS Quadrangle, Alaska: Bendix Field
Engineering Corp. Rept. No. GJBX-2539(81), 114 p., 8 pl., September, 1981.

Uranium H.S.S.R. of the Skagway NTMS Quadrangle, Alaska: Bendix Field Engineering
Corp. Rept. No. GJBX-260(81), 58 p., 8 pi., September 1981.

Uranium H.S.S.R. of the Yakutat NTMS Quadrangle, Alaska: Bendix Field Engineering
Corp. Rept. No. GJBX-261(81), 97 p., 7 pl., September, 1981.

Uranium H.S.S.R. of the Baird Mountain NTMS Quadrangle, Alaska: Bendix Fieid
Engineering Corp. Rept. No. GJBX-262(81), 97 p., 7 pl., September, 1981.

Uranium H.S.S.R. of the Denver NTMS Quadrangle, Colorado: Bendix Field Engineering
Corp. Rept. No. GUBX-263(81), 159 p., 18 pl., November, 1981,

Uranium H.S.S.R. of the Grand Junction NTMS Quadrangle, Colorado: Bendix Field
Engineering Corp. Rept. No. GJBX-264(81), 144 p., 8 pl., November, 1981,

Uranium H.S.S.R. of the Greeley NTMS Quadrangle, Colorado: Bendix Field Engineering
Corp. Rept. No. GJBX-265(81), 146 p., 10 pl., November, 1981.

EXXON PRODUCTION RESEARCH COMPANY PUBLICATIONS:

Petrography of Vicksburg Formation Core Samples from K. R. Seeligson E-117 Well,
Borregas Field, Kleberg County, Texas: September, 1983, EPR.196ES.83. [with
S.T.Paxton].

Petrography and Mineralogy of Sidewall Cores from the Lower Frio Marine Sands - K.R.
Alazan No. 400 Well, North Alazan Field, Kleberg County, Texas: October 1983,
EPR.222ES.83. [with S. T. Paxton and A. L. Kidwell].

Petrography, Mineralogy, and Geochemistry of Core Samples from Fulmar Formation
Sandstones - 21/18-2A, 21/18-3, and 21/18-4 Wells, Snipe Field, North Sea, United
Kingdom: April 1984, EPR.68ES.84. ([senior author with J. H. Anderson, R. E.
Klimentidis, M. J. Klosterman, G. M. Lafon, and C. S. Calvert].

Radiometric Age Dates for Two Tuff Samples from the Cuyo Basin, Argentina: July, 1984,
EPR.143ES.84.

Isotope Geochemistry of Anhydrite Core Samples from the Exxon #1 Southern Minerals
and Exxon #1 State Lease 538-1 Wells: July, 1985, EPR.143ES.85.

Stable Isotope Geochemistry of Core Samples from the Means San Andres Unit, Andrews
County, Texas: September, 1985, EPR.177ES.85.

A Pilot Study of the Carbonate-Cemented Thomson Sand, Pt. Thomson Field, North Slope,
Alaska: October, 1985, EPR.180ES.85 [with J. O. Szabo and R. E. Kiimentidis}].
Preservation of Primary Porosity in Deep Tuscalosa Sandstones: A New Play Concept:
April 1986, EPR.53EX.86 [contributing author with S. T. Paxton, J. O. Szabo, F. W.

Stapor, K. O. Stanley, and R. A. McCallister].

Reservoir Quality of the South Texas Frio Formation: Interaction of Depositional and

Diagenetic Controls: 1986, in prep. [with A. Cochran, C. S. Calvert, A. jennssen, and
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R. E. Klimentidis).
Shale diagenesis as a silicate cement source for sandstone reservoirs: Frio Formation of

south Texas, a case study: 1986, in prep. [with C. S. Calvert, R. E. Klimentidis, and A.
Cochran].

Reservoir Quality of the East Texas Frio Formation: 1986, in prep. [with A.Cochran, C. S.
Calvert, and R. E. Klimentidis).

Latrobe Formation Regional Diagenesis Study, Gippsland Basin, Australia: 1986, in prep.
[contributor with R.A.McCallister, W. J. Harrison, F.-C. Lin, R. E. Klimentidis, and J. O.
Szabo).
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