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EXECUTIVE SUMMARY

The U.S. Department of Energy is conducting studies for characterization of Yucca Mourtain, Nevada,
as a potential site for the nation's high-level nuclear waste repository. The plans for characterization
include extending exploratory shatts into the Calico Hills nonwelded (CHN) unit of voicanic tutt at Yucca
Mountain. Concerns have been raised that extending the exploratory shatt(s) will compromise the
integrity of the CHn unit, which is considered a natural barrier to the migration of radionuclides to the water
fable. This characierization activity has been deferred, and a riskvbenefit analysis is being conducted to
recommend a strategy for characterizing the CHn unit. The risks associated with this activity are the
potential adverse impacts to site performance, while the benefits would be realized as improved con-
fidence in predictions of site performance.

To support the risk/benefit analysis, Pacific Northwest Laboratory(a} performed several numerical
simulations of the CHn unit at the spatial scale of the hydrologic disturbance caused by the presence of a
vertical shatt. The conceptuai model for our study is based on the stratigraphy of borehole USW-G4. Only
the CHn unit was considered, and was separated into vitric and zeolitic layers, based on lithologic char-
acteristics. The shaft was assumed to extend info the CHn unit to a point 50 m above the water {able. A
modified permeability zone (MPZ) around the shatt was included in the model to account for changes in
rock mass permeability that result from shatt construction. Coarse material (crushed tuff) with hydraulic
properties of graveily sand was assumed as the backfill material for the shaft. The region around the
exploratory shatf extending into the CHn unit was represented as a three-dimensional, radially symmetric
region, and was modeled with the PORFLO-3@(b} computer code.

Several cases were simulated o test ditterent aspects of the conceptual model. The response of the
flow system to changes in the conceptual model was shown using graphs of hydraulic head, saturation,
and streamlines. Ratios of travel time and outliow arrival curves were also used to compare between
undisturbed conditions and conditions after shaft extension. In general, the results strongly depend on
the hydraulic properties assumed to represent the backfill material. Therefore, it is imporiant to select and
specify backfili material with hydraulic properties that minimize the potential influences of the shaft and the
MPZ. Impacts of the backfilled shaft and MPZ were also amplified by heterogeneities present in the
conceptual model in the form of stratigraphic layars of differing properties and by increases in the recharge
rate. The reduction in travel time across the CHn unit due to the presence of a shaft and MPZ ranged from

{a} Pacilic Northwest Laboratory is operated for the U.S. Department of Energy by Battelle Memorial
institute.

(b) PORFLQO-3@ is copyrighted by Analytic and Computational Research, Incorporated, subject to the
Limited Government License.
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0% to approximately 58% under expected hydrologic conditions, compared to the undisturbed flow
regime. However, no travel time predicted in this analysis was less than the 1000-yr minimum travel time
required by regulations. The effects were restricted to the 80-m radius modeled. Therefore, the effects
are expected to be small compared to the overall size of the potential repository. Furthermore, the
presence of a shaft and MPZ produced only slight changes in outtlow arrival curves compared to
corresponding undisturbed conditions.
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