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ABSTRACT 

A total system performance assessment (TSPA) was 
conducted to determine how a potential repository at Yucca 
Mountain would behave. Using the results of this TSPA, 
regression was done to determine which parameters had the 
most important effect on the repository performance. These 
results were consistent with the current conceptual 
understanding of the repository. 

I. INTRODUCTION 

A total system performance assessment (TSPA) was 
conducted to evaluate the effect of alternative repository 
designs and alternative scenarios of natural-system behavior 
at the potential Yucca Mountain high-level waste repository1. 
The repository's predicted behavior is quantified using a 
number of different performance measures, including the peak 
engineered barrier system (EBS) release rate over the first 
10,000 years, and the peak dose at the accessible environment 
over the first 10,000 years and the first 1,000,000 years. Each 
of these performance measures is affected by many repository 
characteristics and parameters. It is important to devote the 
available resources toward understanding those parameters 
that have the most impact on the repository performance. 

II. WORK DESCRIPTION 

Latin Hypercube Sampling was used to sample the 
approximately 260 stochastic parameters in the TSPA-1995 
process models, for 100 realizations of the parameter 
distributions. Based on simulations and expert judgement, 
about 25 of these parameters were selected as potentially 
being the most important. Stepwise regression was then used 
to select me most important of these parameters, based on how 

much of the variability in the performance measures could be 
explained by subsets of these parameters. 

Since the structure of the relationship between die model 
parameters and the performance measures is unknown, 
stepwise regression was performed on three transformations 
of the data: rank regression, log-linear regression and log-log 
regression. The log-log regression has the most intuitive 
appeal, since many of the relationships are multiplicative, so 
it is the only one presented here. 

III. RESULTS 

A. 10,000-Year Engineered-Barrier-System (EBS) Peak 
Release Rate 

For the cases analyzed, "Tc solubility, infiltration rate, 
and spent-fuel dissolution rate are the three most important 
parameters. Spent-foel dissolution rate is important because 
it determines the amount of radionuclides that are mobilized 
allowing them to be transported out of the EBS. T c 
solubility, in particular, is important because the "Tc 
dominates the EBS releases rates. Also, since the EBS rate 
is controlled by advection of the aqueous phase (water 
dripping from fractures onto the waste packages), infiltration 
rate is another important parameter. 

B. 10,000-Year Peak Dose to the Accessible Environment 

For the scenario analyzed, the top two variables are the 
matrix velocity in the Calico Hills, nonwelded, vitric, 
hydrogeologic unit (v^-CHnv) and the unsaturated-zone 
Darcy flux or infiltration flux fo^). The latter is important 
because the peak concentrations of the radionuclides do not 
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reach the accessible environment during the first 10,000 years 
and variability in q i n f simply translates to a shifting in time of 
me initial portion of the breakthrough curve. However, since 
mis is the steeply rising portion of the breakthrough curve, 
there is a very strong dependence on qin{. The strong 
dependence on v^-CHnv [and similarly on the fraction of 
flow which travels through fractures in the CHnv (f^-CHnv), 
which is collinear with v^-CHnv in the TSPA-1995 model] 
is not unexpected because the CHnv is the formation with the 
highest value of saturated matrix conductivity, K^, and 
therefore the lowest value of f^. Therefore, it tends to control 
connected fracture flow throughout the mountain; and without 
fracture flow, no releases can reach the accessible 
environment in 10,000 years. 

C. 1,000,000-Year Peak Dose to me Accessible Environment 

Over the 1,000,000-year time frame, dilution in the 
saturated zone (i.e., q^) is the most important stochastic 
parameter amongst those we considered. Since the 
breakthrough of the dose peak has generally occurred within 
the 1,000,000-year time period, the most important model 
parameter becomes how much the waste mass has been diluted 
(or how much it has decayed). However, for TSPA-1995 
some of the stochastic distributions for parameters have been 
eliminated and replaced by sensitivity analyses. Thus, the 
regression analyses do not include such parameters in the 
importance rankings, even though they could be more 
important than the ranked parameters. One example of this is 
me mean UZ percolation flux at repository depth, qinf> which 
has been separated into two smaller ranges that are used as 
sensitivity cases (0.01-0.05 mm/yr and 0.5-2.0 mm/yr). 
Within each range, q i n f is included in the stepwise linear 
regression, but its importance has been reduced, since its range 
of possible values is much smaller than the entire q^ range 
from 0.01-2.0 mm/yr. Thus, q^ is the most important 
parameter within each case. However, if q i n f is sampled from 
its entire range, then q^ becomes the most important 
parameter and q^ becomes the second most important 
parameter. This is shown in Table 1, and demonstrates the 
clear importance of quantifying the percolation flux in the 
unsaturated zone. 

IV. CONCLUSIONS AND DISCUSSION 

Through these analyses and considerations of the 
alternative scenarios examined in TSPA-1995 (M&0.1995), 
we are able to see which physical parameters are driving me 
performance of the potential repository. These findings will 
help prioritize future site characterization studies and motivate 
future repository designs. In TSPA-1995, as in previous 
TSPA analyses, the primary factor impacting the long term 
performance is the amount of water present and me flux of this 
water in various components of the system. 
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Table 1 Regression statistics for 1,000,000-year total peak 
dose, 83 MTU/acre, with backfill and climate 
change (no water-table rise) 

Parameter 
high q,., range 
(0.5-2.0 mm/yr) 

entire q t a f range 
(0.01-2.0 mm/yr) Parameter 

Rank 
Importance 

%of 
variance 

Explained' 

Rank 
Importance 

%of 
variance 

explained 
I W U ) 2 4 81 5 88 
q S 7 1 48 2 74 
WPf^ 3 3 83 
q,„r(UZ) 2 65 1 50 
V™,Tsv4 5 85 
f^Tsw 5 3 7S 
vm.,Tsw< 4 86 

1 % of variance explained by parameters ranked less than or 
equal to the given parameter, e.g., for parameter with rank 
3, the % variance listed is for parameters ranked 1,2, and 
3. 

2 the average of the infiltration rate multiplier from the 
climate effect 

3 fraction of waste packages with drips 

4 matrix velocity in the Topopah Spring viitrophyre 

s fraction of flow in fractures in Topopah Spring welded 
unit 

6 matrix velocity in the Topopah Spring welded unit 
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