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Outline

e Relation of transport to other post-closure processes
e Discussion of radioactive species and transport processes
e Model validation/confidence building
— Field tests of various scales
e Mountain-scale solute transport studies

— 3radionuclides covering the spectrum of sorption (strong, weak,
no sorption)

— 3 climatic regimes, 3 levels within each regime
— Instantaneous and continuous release
e Mountain-scale colloid transport studies
— 4 colloid sizes
— Different filtration behavior (weak vs. strong)
e Uncertainties

e Conclusions and Comments
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Hydrogeology: Dominant Factor Affecting Transport
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Unsaturated Zone Flow Features. The major hydrogeologic units are the Tiva Canyon welded (TCw), the
Paintbrush nonwelded (PTn), and the Topopah Spring welded (TSw) units. CHz (zeolitic), CHv (vitric), and
PP (Prow Pass) refer to hydrogeologic units within the major Calico Hills hydrogeologic unit. Arrows in the

PTn layer indicate local lateral component of flow.
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Processes Iin Transport

e Advection

e Matrix diffusion

e Dispersion cadosci

Solutes or Colloids

e Solutes: sorption
e Colloidal transport

— Pore size exclusion

— Filtration/attachment

e Radioactive decay

Sorption (Solutes) or
Filtration Attachment
(Colloids)

Sclute Reversible Sorption
onto Natural Colloids
(Clay and Oxides)
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Radioactive Species

e Solutes
— Various K

e Colloids: 3 classes

True Colloid From

s Waste Form Colloid
Supersaturation

Radioactive ¢ \yater Molecules

/ Molecules
Nonradioactive .
Molecules Class | Colloids
Radioactive Pseudocolloids Radioactive Pseudocolloids
Actinides irreversibly sorbed onto psuedocolloids Radioactive solutes sorbed reversibly
and/or incorporated into their structure onto pseudocolloid surface

Class Il Colloid Class Il Colloid
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Confidence Building: The Busted Butte
Test 1A (sub-meter scale)

90 cm

20 cm

00409DC_039.ai

Fluorescein Plume at the Mineback Face (y = 0.9 m) at Borehole 3
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Confidence Building: The Busted Butte
Test 1A (sub-meter scale)

(Continued)
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Numerical Prediction of the Fluorescein Plume Using Calibrated Parameters (Busted
Butte Test Phase 1A, Left) and Field Measurements and Numerical Prediction of the
Bromide Distribution in Busted Butte Test Phase 1A (Right)
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Confidence Building: The Busted Butte
Test 1B (meter scale)
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Observed and Numerically Predicted (Calibrated) Breakthrough Curves of 2,6-DFBA for the

Busted Butte Phase 1B Test (Left), and Observed and Numerically Predicted (at Verification)
Breakthrough Curves of Bromide in the Busted Butte Phase 1B Test (Right)
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Confidence Building: The Busted Butte
Test 2C (2-3 meter scale)
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Observed and Numerically Predicted (Calibrated) Breakthrough Curves of Li* in the
Busted Butte Phase 2C Test (Left), and Observed and Numerically Predicted
Breakthrough Curves of Br~in the Busted Butte Phase 2C Test (at Verification) (Right)
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Confidence Building: The Alcove
8-Niche 3 Test (20-30 meter scale)
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Test Bed for the Alcove 8-Niche 3 Tests
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3-D Mountain-Scale Transport Studies

e Objectives

— By stressing the system under impossibly aggressive
(conservative) conditions, to

+ Determine the main pathways of potential radionuclide transport
to the water table

+ |dentify the dominant processes affecting transport and
retardation

+ Evaluate the relative importance of processes and phenomena

¢+ Determine the relative transport behavior of general types of
radioactive species (solutes vs. colloids, nonsorbing vs. sorbing)

e Not an attempt to predict travel times to the water table
under any possible/plausible scenario
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In This Study: Conservative Approach

o No drip shields are considered, and flow through the canisters is
assumed

e All theradioactive packages in the entire repository rupture
simultaneously

e Theradionuclides are released directly into the fractures (no retardation
effects of the invert with porous media properties)

e The effects of the shadow zone are ignored

e The vertical fractures are open and continuous throughout the UZ (no
retardation through solute sorption and/or colloid attachment onto the
fracture walls and the fracture minerals)

e  The horizontal fractures are modeled as interconnected, and are also
connected (directly or indirectly) to the vertical fractures

e  Thedistribution coefficients were estimated over longer concentration
intervals using an approach that results in milder slopes and lower K
values

® Potential chemical stabilization (e.g., through precipitation) of solids is
ignored

® Colloid stability is assumed
NOTE: Significant Uncertainties in UZ hydrology.
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3-D Mountain-Scale Transport Studies
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The data shown in this figure are based on a model that is appropriately conservative for TSPA analyses and not intended to
represent expected breakthrough of radionuclides or groundwater travel time for unsaturated zone portion of the Yucca
Mountain flow system.
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3-D Mountain Scale Transport Studies

(Continued)
Instantaneous Release

T =10 yrs, Fracture Relative Concentration T =10 yrs, Matrix Relative Concentration
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3-D Mountain Scale Transport Studies

(Continued)
Instantaneous Release

T =100 yrs, Fracture Relative Concentration
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3-D Mountain Scale Transport Studies

(Continued)
Instantaneous Release

T =10 yrs, Fracture Relative Concentration T =10 yrs, Matrix Relative Concentration
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3-D Mountain Scale Transport Studies

(Continued)
Instantaneous Release
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3-D Mountain Scale Transport Studies

(Continued)
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3-D Mountain Scale Transport Studies

(Continued)
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The data shown in these figures are based on a model that is appropriately conservative for TSPA analyses and not intended
to represent expected breakthrough of radionuclides or groundwater travel time for unsaturated zone portion of the Yucca

Mountain flow system.
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3-D Mountain Scale Transport Studies

(Continued)
Instantaneous Release

T =10 yrs, Fracture Relative Concentration
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3-D Mountain Scale Transport Studies

(Continued)
Instantaneous Release
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3-D Mountain Scale Transport Studies

(Continued)
Instantaneous Release

T =10 yrs, Fracture Relative Concentration T =10 yrs, Matrix Relative Concentration
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3-D Mountain Scale Transport Studies

(Continued)
Instantaneous Release

T =100 yrs, Fracture Relative Concentration T =100 yrs, Matrix Relative Concentration
Np-WT-FL-100 Relative Mass Fraction Np-WT-ML-100 Relative Mass Fraction
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3-D Mountain Scale Transport Studies

(Continued)
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The data shown in these figures are based on a model that is appropriately conservative for TSPA analyses and not
intended to represent expected breakthrough of radionuclides or groundwater travel time for unsaturated zone portion of
the Yucca Mountain flow system.
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3-D Mountain Scale Transport Studies

(Continued)
Continuous Release
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The data shown in these figures are based on a model that is appropriately conservative for TSPA analyses and not
intended to represent expected breakthrough of radionuclides or groundwater travel time for unsaturated zone portion of

the Yucca Mountain flow system.
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Mass fraction in release stream at repository

3-D Mountain Scale Transport Studies

(Continued)
Continuous Release

©

1.0 e

The Importance of Daughter Products

The data shown in these figures are based on a model that is appropriately conservative for TSPA analyses and not
intended to represent expected breakthrough of radionuclides or groundwater travel time for unsaturated zone portion of
the Yucca Mountain flow system.
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3-D Mountain Scale Studies of Colloid Transport

Continuous Release (PuO, Colloids)
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The data shown in these figures are based on a model that is appropriately conservative for TSPA analyses and not
intended to represent expected breakthrough of radionuclides or groundwater travel time for unsaturated zone portion of
the Yucca Mountain flow system.
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Nevada Coordinate N-S (m)

3-D Mountain Scale Transport Studies
Continuous Release, 6 nm Colloid
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3-D Mountain Scale Transport Studies

(Continued)
Continuous Release, 450 nm Colloid
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3-D Mountain Scale Transport Studies

(Continued)
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The data shown in these figures are based on a model that is appropriately conservative for TSPA analyses and not
intended to represent expected breakthrough of radionuclides or groundwater travel time for unsaturated zone portion of
the Yucca Mountain flow system.
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3-D Mountain Scale Transport Studies

(Continued)
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The data shown in these figures are based on a model that is appropriately conservative for TSPA analyses and not
intended to represent expected breakthrough of radionuclides or groundwater travel time for unsaturated zone portion of
the Yucca Mountain flow system.
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Impact of Uncertainties in the Value of the
Parameter y of the Active Fracture Matrix
Model with Matrix Diffusion
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The data shown in these figures are based on a model that is appropriately conservative for TSPA analyses and not
intended to represent expected breakthrough of radionuclides or groundwater travel time for unsaturated zone portion of
E

the Yucca Mountain flow system.
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The data shown in these figures are based on a model that is appropriately conservative for TSPA analyses and not
intended to represent expected breakthrough of radionuclides or groundwater travel time for unsaturated zone portion of
the Yucca Mountain flow system.
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The data shown in these figures are based on a model that is appropriately conservative for TSPA analyses and not
intended to represent expected breakthrough of radionuclides or groundwater travel time for unsaturated zone portion of
the Yucca Mountain flow system.
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In This Study: Conservative Approach

No drip shields are considered, and flow through the canisters is
assumed

All the radioactive packages in the entire repository rupture
simultaneously

The radionuclides are released directly into the fractures (no retardation
effects of the invert with porous media properties)

The effects of the shadow zone are ignored

The vertical fractures are open and continuous throughout the UZ (no
retardation through solute sorption and/or colloid attachment onto the
fracture walls)

The horizontal fractures are modeled as interconnected, and are also
connected (directly or indirectly) to the vertical fractures

The distribution coefficients were estimated over longer concentration
mtlervals using an approach that results in milder slopes and lower Kd
values

_Potent(ijal chemical stabilization (e.g., through precipitation) of solids is
ignore

Colloid stability is assumed

NOTE: Significant Uncertainties in UZ hydrology.
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Conclusions

Radionuclide transport is dominated and controlled by
faults, which provide fast pathways for downward migration
to the water table

The transport patterns follow the infiltration and percolation
distributions

There is a direct relationship between increasing infiltration
(wetter climatic regime) and shorter arrival times at the
repository

Radionuclides move faster and reach the water table earlier
In the northern part of the repository, which is characterized
by the presence of highly fractured zeolitic CHz layers
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Conclusions

(Continued)

e The highly conductive Drill Hole Wash and Pagany Wash
faults are the main pathways of transport in the northern
part of the repository

e Diffusion into the rock matrix is the only mechanism for
nonsorbing solutes. Mechanical dispersion is expected to
be minimal

e Hydrology is the most important factor affecting transport

e Sorption and matrix diffusion are the main retardation
processes in the transport of sorbing radionuclides

e The unsaturated zone of Yucca Mountain appears to be an
effective barrier to the transport of strongly sorbing
radionuclides (90Sr, 226Ra, 229Th, 241Am, 221Pa, and
239Pu)
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Conclusions

(Continued)

Under the conditions of this study, the effectiveness of the
unsaturated zone of Yucca Mountain as a natural barrier
decreases with (a) a lower sorption affinity of the radioactive
solutes and (b) longer half lives. In evaluating the barrier
efficiency, the entire radioactive chain must be considered

Under the conditions of this study, the unsaturated zone of
Yucca Mountain appears to be an effective barrier to the
transport of small colloids. The barrier effectiveness
decreases very rapidly with an increasing colloid size
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