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Our study developed information to aid the Department 
of Energy's assessment of the need to explore and how 
best to explore the Calico Hills nonwelded hydrogeologic 
(CHn) unit, which underlies the host unit for the potential 
high-level waste repository at Yucca Mountain, Nevada 
(M&O, 1995). To help assess the need for more CHn 
data, the sensitivity of repository performance to CHn 
properties was tested through numerical simulations, ' 
using currently available information. Different options 
for exploring the CHn unit were evaluated in terms of 
their cost, duration, and benefit to increased scientific 
understanding of potential CHn performance as a banier 
to radionuclide transport. 
Because of uncertainty regarding the type and timefiame 
of the regulatory performance standard to be applied to 
Yucca Mountain, we conducted numerical sensitivity 
studies of repository performance for both cumulative 
releases to the accessible environment and peak 
individual doses, over varying time durations. The 
primary conclusions fiom the sensitivity studies are as 
follows: 

0 10,000-year cumulative aqueous releases are 
sensitive to CHn uncertainties but remain within the 
remanded EPA standard. 

Demonstrating compliance with a hypothetical 
10,000-year peak-individual-dose standard likely 
would require reducing uncertainties about the 
performance of repository-system elements and 
lessening compensating conservative biases in 
pdormance-assessment models; further exploration 
of the CHn unit is one of several options for 
reducing these uncertainties. 
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0 Drifting or further drilling in the CHn unit would 
contribute little to a demonstration of compliance 
with a hypothetical 100,000-year (or longer) peak- 
dose standard because calculated doses over such 
long time periods are more sensitive to parameters 
relating to contaminant dilution in the saturated 
zone, waste-package corrosion, wetter-climate water 
percolation, and radionuclide solubility than they are 
to CHn properties. The half-livcs ol' the long-livcd. 
soluble, weakly sorbing radionuclides that control 
long-term doses and releases, neptunium-237 in 
particular, exceed the delay times that the CHn unit 
can provide. 

0 Additional CHn exploration would support 
improved groundwater travel-time estimates but 
would be unlikely to permit the establishment of a 
lower bound on travel times of 1,000 years or any 
specific non-zero time. 

The options analysis considered combinations of surface- 
based drilling and drifting (excavation) for obtaining 
access to the CHn unit. Option costs and durations were 
estimated using standard techniques. The potential 
benefit of each option for increasing scientific 
understanding of the physical and chemical mechanisms 
that could control CHn performance as a barrier to 
radionuclide transport were assessed through a formal, 
multi-attribute utility analysis and expert elicitations. 
Options examined included (1) the surface-based drilling 
program, as described in The Civilian Radioaclive Waste 
Management Program Plan (DOE. 1994). but without 
any accompanying drifting (2) a moderate-drilling option 
that is similar to that dcscrihcd in DOE ( I904). hut 



without any surface-based drilling; and (3) moderate-, 
(4) minimal-, and (5) extensive-drifting options in 
combination with surface-based drilling. 

The results of the utility analysis are plotted in Figure 1 
for an accelerated CHn drifting start date of November, 
1996. A scientific understanding index of 1.0 
corresponds to that understanding which would result 
fhm completion of the most extensive drifting option in 
combination with surface-based drilling, and 0.0 is 
defined as present-day understanding. The curves in 
Figure 1 represent relative levels of scientific 
understanding that are documented in a format that can be 
referenced. Notably, surface-based drilling alone or 
moderate drifting alone would provide a substantial 
increase in scientific understanding, but because these 
exploration techniques are somewhat complementary, 
drilling plus minimal W i n g  would be required to 
achieve 80 percent of the scientific understanding that is 
estimated to result fiom drilling in combination with an 
extensive drifting program. 

Lastly, we elicited judgments fiom Project scientists 
regarding the confidence in their understanding of 
potential CHn performance that they have now and would 
anticipate having, were each option executed and 
completed. A conseflsus view of the participating 
scientists is that: 

0 Currently available information is such that it would 
not be surprising, or would be only mildly 
surprising, if expectations for CHn performance 
were to change significantly as additional data are 
collected. 

0 Minimaldriftingplushther drilling in the CHn unit 
would be required to reach a confidence level where 
it would be surprising if additional data were to 
signiiicantly dkr.expectations of CHn performance. 

In conclusion, the numerical performance assessments 
suggest that the value of M e r  exploring the CHn unit is 
marginal with respect to demonstrating compliance with 
dif€erent potential measures of long-term repository 
performance. In particular, doses and releases beyond 
100,000 years are controlled by species that have half- 
lives greater than the migration delays that the CHn unit 
can provide. We note, however, that the CHn unit is 
expected to provide defense-in-depth against the 
transmission of shorter-lived, sorbing species, should 
they unexpectedly migrate &om the Engineered Banier 
System. If a thorough understanding of potential CHn 
perfonnance is deemed necessary, our study suggests that 
surface-based drilling in combination with minimal 
drifting might be required. 
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Figure 1. Relative Scientific Understanding vs. Time, 
November 1996 Drifting Start Date 
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