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TSPA

Scenarios Modeled

Base Case

Waterborne Release

Gas-Phase Release

Tectonic
Activity

Exhumed Container

Human
Intrusion

Exhumed Soil

Inject Waste into
Tuff Aquifer

Volcanic
Activity

Inject Waste into
Paleozoic Aquifer
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Total System Performance Assessment
Data Flow

Source-Term
AREST

l

Transport
SUMO-MSTS
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Source-Term Specific Cases

Human Intrusion
« Tuff aquifer
 Paleozoic aquifer

Base case

« Spent fuel and glass (SRL-202)
- 0.01, 0.05, 0.5 mm/yr infiltration rate
- Diffusion-controlled

Gaseous release

* Noinfiltration -

« 0.01 mm/yr infiltration
- Early failures ~ U(300, 2000)
- Late failures ~ U(2000, 5000)
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Human Intrusion Analysis

Assumptions

« Single container displaced to aquifer
- Tuff
- Carbonate (Paleozoic)

« Wet-drip/Flow-through release model

« Wet-continuous release model

Uncertainties
« Drilling times ~ log uniform (102, 10%)
« Groundwater velocity

- Hydraulic head ~ uniform
- Conductivity ~ spatial log normal
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Human Intrusion Scenarios

1. Exhumed container

Yucca Mountain (inventory in container)

2. Exhumed rock

Repository
(concentrations in rock)

3. Deep injection
(transfer to surrounding rock)

Tuff Aquifer

12-Simulated Cases

12-Simulated Cases
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Base Case Analysis

Assumptions
- Gaseous release (C-14)
- Impulse release of gas at failure
- Slow water-release (flow-through model)

- Waterborne release
- Wet-drip/flow-through
- Wet-continuous
- Assumed cladding not a barrier

Uncertainties

 Failure times ~ U(2000, 5000)
« Temperature

- Boundary conditions

- Surface solubility
- Glass reaction control
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Flow-Through Mode
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Wet-Continuous Mode
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Normalized Concentration, g/m?
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Release, Ci/yr

Human Intrusion Analysis, Spent Fuel,
Tuff Aquifer (Case 12)
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Human Intrusion Analysis, Spent Fuel,

Paleozoic Aquifer (Case 12)
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Release, Ci/yr

Base Case, Spent Fuel, 0.5 mm/yr.
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Release, 1/yr

Base Case, Spent Fuel, 0.5 mm/yr.

10-2] :
: g
10-4]
10-s
237Np
‘i 234U
10-6 _— \ [
i E
10—1%E 243am .
1()—121; s
} / \ \ Pu 3
10-141, . , ) .}
10° 10* 10°

Time Since Emplacement, years

SNPNDESP13.125.NWTRB/10-14/16-92



Release, Ci/yr

Base Case, Glass, 0.5 mm/yr.
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Release, 1/yr

Base Case, Glass, 0.5 mm/yr.
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Base Case, Spent Fuel, 0.05 mm/yr.
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Release, 1/yr

Base Case, Spent Fuel, 0.05 mm/yr.
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Thermal Effects

Objective

- Evaluate effects of higher thermal loading on
radionuclide release

- Resaturation time
- Temperature-dependent solubility

o @Glass dissolution
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Thermal Effects

Cases studied
« Increased temperature
- Spent fuel
- Solubility-limited
- Alteration-rate limited
« Glass-groundwater coupled reaction

- Fission products
- Actinides |
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Thermal Effects, Spent Fuel,

Solubility-Limited Nuclides
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Release, Ci/yr

Thermal Effects, Spent Fuel,
Alteration-Rate Limited Nuclides
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Thermal Effects, Glass Dissolution Model,
Solubility-Limited Nuclides
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Thermal Effects, Glass Dissolution Model,
Alteration-Rate Limited Nuclides
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Conclusions

Some cases exceeded NRC (10 CFR 60)
release criteria

Need for more detailed modeling
- Coupled-reactive transport model

Higher thermal loading

- Delays transport time for ALL cases

- Lowers release rates for some cases
(Solubility-limited model)

- No change in release rates for some cases
(Alteration-limited model)

- Higher release rates for some cases
(Glass dissolution model)
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separation processes for production of medical radioisotopes and separation
of nuclear waste, and (5) spent fuel performance and characterization.
Responsible for staff of about 70 persons. Project leader on studies of (1)
spent fuel oxidations and (2) hydride behavior in spent fuel cladding.
Member of the Technical Advisory Group and task forces on the Transportation
Source Term for Sandia National
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8 YEARS AT WESTINGHOUSE HANFORD COMPANY. Managed Waste Barriers Engineering
Group. Conducted experimental studies on bench and in hot cells on (1) spent
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6 YEARS AT ARGONNE NATIONAL LABORATORY. Responsible for EBR-II metallic
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models of shock response for granular materials.
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Material Development group at Bettis Atomic Power Laboratory. Position was
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4 YEARS WITH SPECTRA RESEARCH INSTITUTE Worked under contract to Sandia Labs
on total-system performance assessment for the Yucca Mountain Site
Characterization Project, primarily on development of the TOSPAC ground-water
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2 YEARS OF NASA Postdoctoral position, working on basic research in
Cosmology; in particular, on the theory of galaxy formation and its relation
to the anisotropy of the cosmic microwave background radiation.

6 YEARS AT UCB As a graduate student, teaching assistant for the Physics
Department and research assistant for the Astronomy Department. Theoretical
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PUBLICATIONS: Nineteen publications in scientific journals, technical
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The measurement of high-temperature vaporization of glasses and other
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The measurement of graphite oxidation rates in liquid water and
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EXPERIENCE:

Task Leader at Battelle, Pacific Northwest Laboratory (PNL), responsible for the
development, modification, and analysis of the AREST code. The AREST code was
developed by the Performance Assessment Scientific Support (PASS) program. The purpose
of the code is to provide a tool for making preliminary, quantitative performance assessments
of the engineered-barrier and near-field systems of a geologic repository for high-level
radioactive waste.

PUBLICATIONS:

Over 20 publications in scientific journals, conference proceedings, and PNL reports.



CYNTHIA E. A. PALMER

EDUCATION: BS, Chemistry, Worcester Polytechnic Institute
PhD, Inorganic Chemistry, Purdue University

EXPERIENCE:

6 YEARS WITH LAWRENCE LIVERMORE NATIONAL LABORATORY (LLNL): As a
chemist in the Nuclear Chemistry Division, responsibilities include Core Sampling Project
Leader; Detector Custodian; and Radiochemical Diagnostics Chemist. Also, Task Leader for
the Yucca Mountain Project--Thermodynamic Data Determination/Evaluations Task; Nevada
Environmental Applied Research Project; Hydrology and Radionuclide Migration Project.
Responsibilities also include that of Acting Facility Manager and NCD Affirmative
Action/Equal Employment Opportunity Coordinator.

PUBLICATIONS:

Over 40 publications in scientific journals, technical and scientific reports, and presentations
and conference proceedings.



THOMAS J. WOLERY

EDUCATION: BS, Geochemistry, Bowling Green State University
MS, Geology, Bowling Green State University
PhD, Geological Sciences, Northwestern University

EXPERIENCE:

14 YEARS, LAWRENCE LIVERMORE NATIONAL LABORATORY: As a Geochemist
with the Earth Sciences Department, provides technical leadership in geochemical modeling.
Modifies and extends the capabilities of the EQ3/6 software package for geochemical
modeling, primarily for the Yucca Mountain Project and the Waste Isolation Pilot Plant.
Conducts studies of the basic science underlying geochemical modeling.

For the Nuclear Waste Management Group, provided technical direction of geochemical
modeling for nuclear waste isolation projects (mostly for the NNWSI, ONWI, and SRPO,
with lesser involvement with BWIP and WIPP projects), including continuing development of
the EQ3/6 code package. Worked to extend the understanding of basic processes and
phenomena upon which geochemical modeling is founded (e.g., mineral dissolution/growth
kinetics, activity coefficients in brine solutions). Provided scientific leadership, coordinated,
and directed the activities of a growing group of geochemists and computer scientists.
Interacted with other parts of the LLNL Nuclear Waste Management Program and with
sponsoring agencies.

As a Geochemistry Group Leader, projects included OBES sponsored "Chemistry of aqueous
systems," the LLNL NRC Technical Assistance Program, and various ERDA- or DOE-
sponsored high level nuclear waste disposal programs (WISAP, WRIT, SYNROC).

PUBLICATIONS:

About 50 publications in scientific journals, conference proceedings, abstracts, LLNL reports
and papers.



R W.

EDUCATION: BA Geoloqy, Humboldt State College

EXPERIENCE: 14 YEARS WITH USGS
4 YEARS WITH GEOTECHNICAL FIRMS

1981-P : Principal Investigator of Site Geologic
Studies, Yucca Mountain Project, responsible for the
integration, design, and direction of geologic and
geophysical studies for the develcpment of a geclogic model
of the Yucca Mountain site area.

1978-1981: Project Chief, Tuff Exploration Project,
responsible for coordination and direction of subsurface
data~-gathering activities at Yucca Mountain.

1977~31978: Project Chiaf, granitic rock studies, Nevada,
synthesis and evaluation of geologic data on granitic rock
masses within Nevada as potential sites for nuclear waste
storage.

1975-1977: Geologist, geologic mapping of 7 1/2-minute
quadrangles, Kentucky; subsurface investigations to evaluate
potash resources of WIPP, Carlsbad, New Mexico.

1971-1975: Geologist, Fenix & Scisson, Inc. and Nevada

Testing Laboratories, Inc., subsurface and geotechnical
evaluations.

PUBLICATIONS: About 30 publications in scientific journals,
USGS reports, and abstracts, more than 20 of which address

aspects of the stratigraphic and structural framework of
Yucca Mountain.



