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ABSTRACT

The management and operating contractor for the
potential high-level nuclear waste repository at Yucca
Mountain, Nevada, has recently completed a new
performance assessment of the ability of the repository to
isolate and contain nuclear waste for long time periods (up
to 1,000,000 years). Sensitivity analyses determine the most
important physical parameters and processes, using the most
current information and models.

1. INTRODUCTION

The evaluation of the ability of the overall repository
system to meet the performance and safety objectives
specified in the applicable regulatory standards is termed
total system performance assessment (TSPA). Besides
providing a quantitative basis for evaluating the suitability
of the site, such assessments are useful in defining the most
significant processes and the information gaps and
uncertainties regarding these processes and their
corresponding parameters. TSPAs explicitly acknowledge
the uncertainty in the process models and parameters and
predict the impact of this uncertainty on the overall
performance. The aim of any TSPA is to be as complete
and reasonably conservative as possible.

TSPAs evolve with time. As additional site and design
information is generated, assessments can be revised to
become more representative of expected conditions and less
conservative. Previous TSPAs of the Yucca Mountain site
have been conducted in 1991 and 1993 (Barnard et al.,
1992; Eslinger et al., 1993; Wilson et al., 1994; Andrews et
al, 1994). The current analyses (M&O, 1995) build on these
previous ones, using more recent information.
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II. WORK DESCRIPTION

The specific goals of TSPA-1995 were to develop and
apply more representative models of (1) the drift-scale
thermohydrologic environment, including more reasonable
estimates of relative humidity and temperature adjacent to
the waste packages; (2) waste-package degradation,
including improved corrosion models of the mild-steel
corrosion-allowance material and the effects of cathodic
protection on the corrosion-resistant material; (3) the
engineered barrier system (EBS) design, including possible
alternative backfills and barriers; (4) near-field unsaturated-
zone aqueous flux (i.e., dripping water in the emplacement
drifts); and (5) unsaturated-zone flow and transport,
including the potential effects of fracture-matrix interaction.

III. RESULTS

The effect of model and parameter uncertainty on
predicted results is evaluated by a number of sensitivity
analyses. Alternative repository designs and alternative
scenarios for natural-system behavior are considered,
including (1) low and high water-infiltration rates through
the unsaturated zone (0.01-0.05 mm/yr and 0.5-2.0 mm/yr);
(2) low and high thermal load (25 MTU/acre and 83
MTU/acre); (3) alternative thermohydrologic models for the
near-field environment; (4) three assumptions for the
initiation of waste-package corrosion (relative-humidity
controlled, temperature and relative-humidity controlled, and
temperature and relative-humidity controlled with cathodic
protection); (5) five conceptual modeis of EBS transport and
water movement (drips directly on the waste form, drips on
the waste container but not on the waste form, no drips or
capillary-barrier effect, no drips and aqueous EBS transport
of "I and **Cl, and no drips and aqueous EBS transport of
31 and *Cl plus **C transport directly to atmosphere—the
"diffusion-only" model); (6) fracture/matrix interaction in the
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geosphere; and (7) climate change (with and without water
table rise).

As one example of these analyses, Figure 1 shows the
effect of the alternative EBS transport models on predicted
total peak dose over 1,000,000 years to an individual 5 km
downgradient from the repository (at the accessibie
environment), drinking 2 liters of water a day from the tuff
aquifer, assuming an initial (and minimum) percolation rate
through the unsaturated zone of 1.25 mm/yr. The effect
can be very large as the transport mechanism in the EBS
changes from advection to diffusion.

IV. CONCLUSIONS AND DISCUSSION
A. 10,000-year Predicted Performance

(1) 10,000-year total peak dose, due mainly to **Tc and
2], is most sensitive to: (i) matrix velocity in the
CHnv, and (ii) percolation flux in the unsaturated zone;

(2) Over 10,000 years there are no releases to the
accessible environment for the following cases: (i) low
infiltration range (0.01 - 0.05 mm/yr), (ii) cathodic
protection of the waste-package, (iii) Buscheck 80
MTU/acre thermohydrologic model with and without
backfill, and (iv) matrix-flow-only (zero fracture flow)
in the unsaturated zone;

(3) Depending on the conceptual model of intra-unit
' fracture connectivity, fracture/matrix interaction can
significantly affect peak dose and cumulative release
during the first 10,000 years after repository closure.

B. 1,000,000-year Predicted Performance

(1) 1,000,000-year total peak dose, due mainly to '*I over
the low infiltration range (q;,; = 0.01 -0.05 mm/yr) and
to 2'Np over the high infiltration range (q;, = 0.5-2.0
mm/yr), is most sensitive to: (i) dilution in the
saturated zone (or equivalently, the saturated-zone bulk
Darcy flux, qg;), and (ii) percolation flux in the
unsaturated zone;

(2) 1,000,000-year total peak dose may be greatly reduced
by a barrier that intercepts and diverts water dripping
on the waste packages (the capillary-barrier effect), i.e.,
for aqueous-phase radionuclides, pure diffusion (no
advection) through the EBS produces extremely low
doses at the accessible environment;

(3) Low intra-unit fracture connectivity in the unsaturated
zone can significantly delay the breakthrough of peak
doses to the accessible environment but only slightly
reduces the ultimate peak dose (a similar conclusion
applies to matrix diffusion);

(4) Alternative thermal loads, alternative thermohydrologic
models for the near-field, and alternative corrosion-
initiation models (including cathodic protection) do not
individually have a very large effect on the total peak
dose that occurs during the 1,000,000-year time span (a
factor of about three is the largest effect). -

Throughout the TSPA-1995 analyses, an over-arching
theme recurs as the driving factor impacting the predicted
results: the amount of water present in the natural and
engineered systems and the magnitude of aqueous flux
through these systems. Therefore, information on the
distribution of the amount and rate of water movement,
through the various scales relevant to the prediction of post-
closure performance, remains the key need to enhance the
representativeness of future iterations of TSPA.
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