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Reactive transport models for the potential nuclear waste repository at Yucca Mountain (YM) provide information on evolving water chemistries and

conducted to gauge the importance of data and model uncertainties.
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F igure 2. Revised analytical pore water compositions from the SD-9 borehole (Browning et at., 2001); dashed
lines show solubility curves for quartz, beta cristobalite, and SiO,(am) with depth in the PTn, TSw and CH units

High SiO, concentrations and precipitation of SiO,(am) in Yucca Mt Fractures may be explained by
1) air flow and evaporation of water in fractures,

but, DOE mountain scale thermal hydrological models indicate no significant air flow in TSw
fractures (CRWMS, 2001).

2) SiQ,-rich waters infiltrating into fractures from the overlying alluvium or colluvium (Meijer, 2002),

.but, the geochemical consequences of high-silica infiltration waters have not been considered
in the context of dual permeability flow and transport models.

X ionuclide transport. Although reactive
transport models permit explicit analysis of coupled thermal-hydrological-chemical processes important to estimation of long-term repository performance,
these estimates have uncertainty that is difficult to quantify. Confidence can be gained in reactive transport models by demonstrating their capability to
represent natural conditions.

Site characterization studies at YM have revealed significant differences between the hydrogeochemical properties of fracture and matrix materials in the

unsaturated zone (UZ) overlying the potential waste emplacement setting. A quantitative evaluation of the most significant hydrogeochemical processes that
caused these differences is helpful to develop detailed estimates of the quantity and chemistry of water contacting engineered materials in a thermally-

perturbed repository setting—a risk-significant component of performance for YM. Developing a reliable explanation for observed differences between UZ
matrix and fracture materials at YM provides a good test for the reactive transport models that may be used to evaluate performance of a potentiat repository
at YM.

We developed a D, dual continuum, reactive transport model of the ambient UZ matrix/fracture system at YM in order to evaluate the origin and evolution
of groundwater compositions and secondary minerals in fracture and matrix materials overlying the location of the potential repository. Sensitivity tests were
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Basnc Model Propertles

Groundwater flow: Rock matrix and fracture networks in the unsaturated zone
(UZ) are depicted as interacting porous continua. Heat/'water flow between continua are

upper boundary condition (i.e. specified gas

pressure, temperature and liquid flux) and & gravity

drainage lower boundary condition.

controlied by:

* Darcy’s law coupled with itutive refationships and eq

* van Genuchten function with Mualem iption for moi. T /relative
permeability

* the active fracture model (Liu et al., 1998)
* parameter values adopted from CRWMS M&O (2001).
Code: MULTIFLO version 1.5.2 (Litchner and Seth, 1996; Painter et al., 2001)
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Figure 1. Generat
structure of our dual
permeability model,
showing infiltration of
SiO,(am)-undersaturated  * pori il
waters into matrix and
Si0,(am)-(super)saturated

Geochemical Model: The model considers:
*dissolved species and gas: CI, Ca?*, H*, HCO;-,

OH-, and AP, and COy(g)
* kinetically reactive phases: low albite, calcite,

Ca, and K-smectites

2000). Each model unit is:

hor iented with i

Gridding: 56 cell structured grid with a mixed

CO;(aq), COy™, Si0x(ag), HSIOy, AI(OH),, Na*, K*,

rhyaolitic glass, amorphous silica, and endmember Na,

Hydrostratigraphy: Ten different hydrostratigraphic
units bounded by the ptn26 and tsw38 layers (CRWMS,

pic hydraulic properties
*® defined by chemically and hydraulically distinct matrix

/ Model

Figure 3. Simulated fux of water in and between the
matrix and fracture continuum with depth in the

PTa and TSw units of Yucca Mt., NV, where the depth at
the top of the ptn 26 is defined as zero.

Water flows slowly from the fractures into the matrix,
except in portions of the ptn26 and tsw37 units.

Simulated fracture-matrix interaction is most
significant at the base of the PTn, where a permeability

barrier may force iarge amounts of PTn matrix waters

i to pour into TSw fractures.
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Figure 4. Comparison between initial volume fractions
of SiO,(am) im the fractures with depth and those
predicted to occur after 100k years, where the depth at
the top of the ptn 26 is defined as zero.

Simulations show SiO,(am) dissolution in
the TSw fractures, because fracture water
compositions in the TSw are largely
inherited from the overlying matrix PTn
units, and the model neglects evaporation,

and fracture continua
3 waters into the fractures * occupied by different volumetric proportions of
Matrix Continuum \stersctiens  Fracturc Continuum  OF the pta26 unit, kinetically reactive phases.
-
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Conclusions/Discussion

: ot Yucca Mt indicate that:

i water compesitions in the overlying PTn units.

with respect to SiO;(am) and will dissolve, rather than
precipitate, SiQy(am).

Observations of SiQ;(am) in TSw fractures cannot be
units from the overlying alluvium or colluvium.

¢ ® Flow and transport across matrix-fracture interfaces plays a
¢ significant role in controlling fracture water compositions.

effects on geochemical modeling resuits.

Hydrologic processes that redistribute water in matrix lnd
fracture materials (i.e. ad , VApOr P ’

.. and other secondary minerals observed in TSw fractures.
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Reactive transport simulations of fracture and matrix geochemistry

. ® The chemicsl composition of fracture waters percolating into TSw
¢ units may be very similar to the composition of measured pore

Groundwater entering the TSw fractures is undersaturated

explained by infiltration of SiQ(aq)-rich waters into the PTn

Further evaluation of assumptions inherent within the active
fracture model (Liu et al., 1998) is needed to determine their

g, and
especially evaporation) may be vequired to explain SIO;(am) ;
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