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ABSTRACT 

Performance assessment of the engineered barrier system for 
a nuclear waste repository combines information from 
relevant disciplines and predicts the net long-term 
performance of the EBS in units of regulatory goals for 
performance. The performance assessment models are 
.specific to the proposed Yucca Mountain, Nevada site. Early 
assessments are used for project planning and feedback. The 
EBS scenarios activity develops the scenarios and the 
consequent event sequences. Initial model development for 
single waste packages indicates that the radionuclide release 
rate performance is sensitive to the water flux, element 
solubil ities, and/or the mode of water contact with the waste. 
The latter in turn depends on local scale hydrology and the 
modes of corrosion for the container material. For the 
release rate summed over waste packages, variations among 
waste packages and their near-field environments are 
anticipated. These variations place demands on data 
acquisition and modeling, as well as modulate the impact of 
localized changes of conditions. Sampling in uncertainty 
assessment is a subsequent step in examining the reliability 
of predictions made in the performance assessments. 
Advances made in sampling methods arc referenced. 

INTRODUCTION 

The Yucca Mountain Project (YMP) of the U.S. 
Department of Energy (DOE) is currently evaluating the 
suitability of Yucca Mountain in southern Nevada as a 
nuclear waste repository site. Lawrence Livermore National 
Laboratory (LLNL) has been assigned by the YMP, since 
1982, to plan, develop, and qualify the waste package 
subsystem, including study of package-environment 
interactions. 

Perhaps the greatest challenge for the nuclear waste 
disposal system is to provide sufficient demonstration of 
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waste isolation performance over a very long time period. 
The U.S. Environmental Protection Agency (EPA) has set a 
performance criterion for the total system for a 10,000-year 
time frame (40 CFR 191 p . The U.S. Nuclear Regulatory 
Commission (NRC) has additionally set performance criteria 
for subsystems, including the engineered barrier system 
(EBS), to be met under anticipated processes and events O0 
CFR 60.U3). Briefly, these criteria state that the EBS shall 
be designed to provide substantially complete containment of 
the waste within the waste packages for a period of 30 J to 
1,000 years after repository closure, and to limit release rates 
of radionuclides from the EBS for the subsequent time 
period. 

BACKGROUND AND APPROACH 

Performance assessment of the EBS is the predictive 
•ool that combines the necessary information from all fields 
and assesses the net performance of the EBS. The waste 
packages are the principal elements of the EBS with respect 
to holding waste and delaying its release. Other elements 
such as the air gap in the borehole, a possible borehole liner, 
and configuration of the emplacement drifts, serve to shelter 
the waste packages from harmful impacts of the environment 
such as dripping water. 

The performance assessment of the EBS is oriented 
toward the regulatory performance measures. The EBS 
performance issessments provide the radionuclide souice 
term, i.e.. release rates from the EBS into the total geologic 
repository system, for total system performance assessment 
oriented toward the EPA requirements. EBS performance 
assessments also evaluate whether the EBS subsystem will 
remain in compliance with the NRC performance 
requirements on substantially complete containment and 
limited release rates from the EBS. In examining these core 
assessments, system reliability and uncertainty assessments 
will identify and quantify uncertainties, determine the degree 
of reliability produced by reducing uncertainties and by 
building a defense-in-depth approach, and aid in determining 
whether there is reasonable assurance in the predictions of 
compliance with the NRC performance requirements. 

The EBS performance assessments must be based on 
a fundamental understanding of the protective features of the 

a CFR indicates the U.S. Code of Federal Regulations 
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unsaturated tuff environment, the mechanisms controlling 
release of radionuclides from the waste packages, anu 
radionuclide transport in the unsaturated, thermally varying 
near-field zone. The EBS system performance models 
integrate models of the fundamental mechanisms and provide 
for interfaces and interactions. The system modeling activity 
aims to assure that all relevant processes and interactions are 
identified and included. The system performance 
assessments must be capable of addressing both anticipated 
processes and events for the NRC's subsystem performance 
requirements, and unanticipated, potentially disruptive 
conditions that might exist during the required isolation 
periods, for the EPA's total system performance 
requirements (40 CFR 191) and for the NRC's required 
investigation of potentially adverse site conditions (10 CFR 
60.122). 

Early performance assessments are used for project 
planning and feedback. The early models are of necessity 
based on today's information, but they play a part in the 
iterative process of developmem. The early assessments 
highlight some of the information needed and show how it 
may be used, aid performance allocation and design 
requirements, and help synchronize the specialized modeling 
and measurement activities by assuring consistent 
assumptions and interfaces. Continuing performance 
assessments will provide feedback during the progress of site 
characterization and design activities. 

As an example, an early performance assessment will 
examine EBS-site interaction for a hypothesized site 
scenario, involving the cumulative movement of a waste-

package-intersecting -"ault plane in excess of the movement 
allowed for in the design basis. This will aid in 
understanding the mechanisms and the impact of tluv 
potentially unfavorable site event, and thus what sizes and 
types of fault traces need to be se:irchcd for. 

The EBS performance assessment (PA) models 
assemble conceptual models and data from the LLNL tasks 
specializing in modeling the near-field environment, 
container materials, waste forms, and engineering design 
concepts (see Figure 1). These areas in turn have 
overlapping needs for geochemicj models as well as 
hydrological, mechanical, and materials process models. 
The scenario activity identifies site scenarios impacting EBS 
performance as well as EBS-scale scenarios. The scenario 
activity also identifies the EBS processes and event h'stories 
consequent to a scenario initiator. 

Three types of assessment information are provided 
by the performance assessment models (see Figure 1). The 
first type is assessment of single waste package performance 
under different anticipated near-field environments. This 
information is useful to design activities. The second type 
relates to the performance of the set of all waste packages in 
the repository with respect to the NRC performance 
requirements on the EBS. This assessment also provides the 
source term for :otal system PA. The third type of 
assessment characterizes the reliability of the predictions 
made by the first two types of assessments. 
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FA ACTIVITIES AND PROGRESS 

This section discusses developments to date and 
future plans. The physical processes and hence the 
conceptual models developed are site-specific for the 
unsaturated tuff medium at the proposed Yucca Mountain 
site. 

Quality Assurance 

The DOE has committed to conducting the Yucca 
Mountain Project under the controls of a quali'.y assurance 
(QA) program acceptable to the NRC. In engineering 
management terms, QA provides management oversight for 
planning, controlling, documenting, and reviewing the 
technical work, for tracking safety-related uses of the 
technical work products, and for tracking the resolution and 
impacts of any open questions. 

The transition from LLNL's previous QA program to 
an NRC-accepted QA program progressed during the past 
year. LLNL's revised QA program, quality procedures, and 
QA infrastructure implementation were successfully audited 
by DOE, with NRC and State of Nevada observers, in June 
1989. LLNL's QA Program has been accepted by the 
N R C . The LLNL Software QA Plan was accepted by the 
DOE Yucca Mountain Project Office (YMPO) in December 
1989. 

Planning prerequisites satisfied specifically for PA 
technical activity include the revision and approval by LLNL 
of the Scientific Investigation Plan for performance 
assessment, the writing and approval by LLNL of activity 
plans, and the identification and writing of activity-specific 
procedures. A Quality Procedure for internal interface 
control has been developed and released, since scenario and 
model development will involve extensive interaction with 
other technical areas in the LLNL Yucca Mouiv Cn Project-
Individual software plans for computer-based model 
development activities are being written to particularize the 
application of the LLNL Software QA Plan. 

EBS Scenarios 

Earlier scenario development was done by Sandia 
National Laboratories as part of the site scenarios 
development, summarized in die Yucca Mountain Site 
Characterization Plan (SCP)2 Section 8.3.5.13. Early 
conceptual developments identifying EBS processes and time 
evolution for ihe expected conditions scenario appeared in 
several reports, e.g., the refer^ice environment for the 
waste packages, 3 thermal analysis, 4 and a "bathtub" water 

» contact mode for waste form alteration and radionuclide 
release. 5 

The EBS scenarios activity has been expanded (SCP 2 

Section 8.3.5.10.3.1) to address an NRC concern to assure 
attention to scenarios impacting the EBS subsystem, and to 
systematize the scenarios at the EBS scale and the EBS 
processes and event histories consequent to a scenario 
initiator. 

The expanded activity for EBS scenarios has four 
suhactivities. The first, scenarios identification, provides a 
listing of potential scenarios for the EBS. This subactivity 
has begun at Quality Assurance level 1 and is described in 

more detail below. The second subaetivitv. scenario 
delineation, requires the development and application of 
decision criteria. This subactiwty's objective is to separate 
the sccnarr s into anticipated and unanticipated pnxesses and 
events. The F:US subsystem pertomiance under anticipated 
conditions is to meet die NRC requirements in 10 CFR 
60.113. The third subactivity, scenarios quantification, 
develops and assembles the parameters of the near-Field 
environment and of the waste packages and EBS. The founh 
subactivity verifies die envelope of environmental conditions 
used as a basis in waste package design. 

The EBS scenarios activity is needed to: 

1. Provide a defensible basis for the selection of the 
set of EBS scenarios, processes, and boundary conditions, 
which are to be modeled and for which the performance of 
the EBS is to be assessed. 

2. Provide a defensible basis for the set of near-field 
environmental conditions for which container and waste form 
testing and modeling capabilities must be established. 

3. Provide for consistency and completeness in the 
assumptions and conclusions about the physical interfaces 
among the detailed processes and system elements being 
investigated. 

The EBS scenarios identification subactivity identifies 
scenarios at the waste package scale, including local impacts 
of site-scale scenarios which may affect EBS performance, 
and scenarios initialed by local processes and events. For a 
specified site-scale scenario, the waste package-scale impacts 
and subsequent event history will differ for the various waste 
packages across the repository. The subactivity structures 
the scenario identification process and extends the scenarios 
to sequences of events leading to degradation of the waste 
package and eventual release processes for radionuclides. 
The subactivity will use applicable systems analysis tools 
such as structured expert opinion methods, failure modes and 
effects analysis : and event trees. 

The current phase of the scenarios identification 
subactivity uses technical publications of Sandia National 
Laboratories on site-scale scenarios, future phases of 
scenario work will involve interaction with Sandia. 
Procedures for external interface control, implementing the 
DOE Office of Civilian Radioactive Waste management 
(OCRWM) Systems Engineering Management Plan, will be 
developed. 

Single Waste Package Assessment 

The modeling goal of this activity is to take the 
environment and properties of each individual waste 
package, and model the time evolution of container 
degradation and subsequent radionuclide mobilization and 
release. The intended uses of the single waste package 
model are to be the kernel for the source term model (see 
below), to provide analyses for design options and for 
guidance on performance allocation and waste package 
design requirements, and to represent the interface and 
coupling among the processes studied in the specialized 
technical areas. 

Early conceptual development/' extensions, and 



maaeling have led to the first cycle of the Yucca Mountain-
specific performance model, PANDORA-1 (see 
acknowledgments below). 

Container degradation processes in the first 
PANDORA tncKlef are general corrosion in water vapor jnd 
liquid water, "[lie model and data show that these processes 
are too slow to form a. failure mode. To exerc'se the later 
process of waste form alteration. PANDORA-1 assumes a 
container breach when the uncorroded thickness decreases to 
a user-specified value. 

Container failure will probably depend on localized 
corrosion, and wili probably i.ave the form of one or mulnple 
small breaches, because of the corrosion-resistant properties 
of tfie alloys being considered for the Yucca Mountain site. 
Progress has been made in specialized studies aimed ul 
developing alloy-specific and local-environment-specific 
predictive models of initiation and/or rates of localized 
corrosion modes . 7 K Further progress will also require 
modeling or bounding of changes to the 
environment/container interface, e.g.. rock movements to 
create a crevice needed for crevice corrosion. 

Water contact with the waste package will occur only 
if there is some variation of the local environment away from 
its nominal condition, e.g.. development of dripping or 
contact with moist rock. Derailed jiydrothennal studies^ 
predict the times when the temperature near a waste package 
drops below the boiling point and when arewetting front 
starts to reach the rock near the waste package. Even then 
the rock is only pardally saturated, and most or all water 
moves through the pore spaces of the mck, rather than by 
fracture trickling or dripping. The first PANDORA model 
takes the detailed calculation* as a boundary condition for 
tempemtu re history and water presence, and simply assumes 
that a user-specified fraction of the gross water percolating 
n^ar the waste package borehole drips into the waste package 
after it is assumed breached. 

Waste form alteration and waste release are modeled 
using two assumed contact modes for water, the "bathtub" 
and trickle-thro ugh modes, and a mode with no liquid water. 
The following focuses on the modeling concepts used for the 
spent fuel waste form. 

The "bathtub" model 5 assumes container breaches 
only above the fuel level, and dripping water, so the fuel can 
become immersed. The current model includes the 
observation in recent experiments by Wilson (summarized in 
Wilson and Uruton | f J) that, even after uranium in solution 
reaches a saturation level, concentrations of soluble elements 
such as Tc. Cs and I continue to increase in solution. This 
continuous rate is noiionally associated with the matrix 
alteration rate. The "bathtub" model includes a filling period 
for the container a* the fuel gradually becomes immersed, 
and assumes thorough mixing of solutes in the water within 
the container, and release as new water influx forces old 
water over the top. 

The "trickle-through" model nssuir.es multiple 
breaches of the container al top and bottom :;o (hat water can 
enter and then drain out. A fraction of t'.ie spent fuel surface 
is wetted by the trickle and thus participates in the alteration 
and release. A film of water is assumed to be maintained; the 
water mass moves down as a moving film, picking up 

solutes and exiting at the bottom 

In both modes ot contact, diverse components ot the 
spent fuel waste are accounted for. The C-14 component on 
l he surface of cladding, the fraction of soluble and gasetius 
elements positioned in the spent fuels cladding gap. and 
gaseous elements in the fuel matrix are considered Mains 
embedded elements include highly soluble elements whose 
release is limited by the rate of matrix alteration, and elements 
whose release rate from the waste package is limited by their 
solubility. Short-lived product radionuclides are coordinated 
witn thetr parent radionuclides. Cladding and hardware 
radionuclides are presently treated as being lumped with die 
spent fuel matrix component. 

In the no liquid water ("dry") mode, only release of 
gaseous radionuclides on the surface and in the cladding gap 
occurs. 

Examples of release rates of matrix-limited and 
solubility-limited radioactive elements for a "batiitub" case 
are shown in Figures 2 and 3, for a waste package with 2.75 
metric tons of initial heavy metal of PWR spent fuel with a 
bumup of 33,000 MWe-days. The example release rates 
shown are for a single waste package. The release rates to 
compare with regulatory limits are those for the sum over all 
waste packages. The latter is addressed under "Source Term 
Assessment" below. 

In the matrix-limited case for iechnetium-99 (Tc-99) 
in Figure 2, a matrix alteration rate of 8.7 xlO- 4 fraction/year 
is assumed, based on an interpretation of Tc-99 release rates 
at 85°C summarized in ' 0 . After die filling time, the initial 
concentration of Tc-99 in die water and the initial release rate 
are less than the maximum rate because the fuel was only 
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Figure 2. Illustrative release rate time history for Tc-99, for a 
"bathtub" contact mode. The gradual filling of the container 
wi»h water, the eventual dissolution of the container's 
inventory of Tc-99, and the gradual refreshing of the water in 
the container influence the time history; see text. Given the 
assumed filling time and matrix alteration rate, the cladding 
gap inventory of Tc-99 makes a relatively small contribution 
to the initial release rate. 
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Figure ?. Illustrative release rate time histories for Pu-239 
and Pu-240, for a "bathtub" contact mode. The plutomum in 
the exiting water i;» at a solubility limit. The proportion of 
isotopes changes with time. 

irraduallv immersed during the filling period. The release 
raie peaks when all the Tc-99 in the package has been 
released into solution, and then declines as new water enters 
and mixes with the contained water. 

In the solubility-limited case forplutonium(Pu) in 
Figure 3, the element has reached its solubility limit. Ths 
assumed solubility value represents a maximum based on 
several potential chemical conditions. The changing 
proportions in isotope release follow the fractional 
composition of the isotopes in the total element inventory. 

An example for a soluble radionuclide, Tc-99, in a 
trickle-through case is shown in Figure 4. It is assumed that 
a fraction of the fuel within the container is wetted and kept 
wet by the flowing water. The time for a drop of water to 
enter and exit is assumed to be determined by the movement 
of the surface film of water. The matrix alteration rate for the 
wetted fuel surface is assumed to be the same as in the 
saturated case. In the example the welted surface fraction is 
assumed to be 1 %. These assumptions indicate data needs. 
An order of magnitude calculation can provide some initial 
perspective. A groundwater percolation flux of 0.5 mm/year 
and a "catchment area" with a radius of 0.8 meters, slightly 

1000 2000 3000 4000 5000 6000 7000 6000 
Years since closure 

hgure 4. Illustrative release rate time history for Tc-99, for 
;i trickle-through contact mode. A fraction of 0.01 of the 
sp^nt fuel surface is assumed to be wetted; see text. The 
cladding gap component of that wetted fuel fraction exits us a 
short pulse. The matrix component is reieased gradually. 

larger than a vertical emplacement borehole's cross section, 
give a water volume of 1 licrr per year. At 20 drops' per cu r . 
this is one drop of water per half hour. This will probably 
drip from one point, and drain nut. The amount of spent fuel 
that can be kept wel by a footprint ol one inclJing d'op is 
rather small. On the other hand, the welted surface area 
could increase in future millenia if the surface roughness of 
the spent fuel increases due to progressive alteration. 

Some simple observations on .sensitivity can be 
drawn from inspection of the models and the sample 
calculations. The release rate of Tc-99 is sensitive to the 
choice of "bathtub" or trickle-through case, because the rate 
is sensitive to the fraction of wetted fuel surface area. The 
release rate of Tc-99 is not sensitive to the water flux value in 
the trickle-through case, except possibly indirectly if the 
wetted surface area increases. The release rate of Tc-99 is 
only indirectly sensitive to the water flux value in the 
"bathtub" case, via container fill time and water refresh time. 
The release rate of Pu is not sensitive to die choice between 
"bathtub" or trickle-through case except for its starting time, 
but it is directly sensitive to the water flux value. 

Concepts under consideration for future PANDORA 
models include evaporation of some of the entering water, 
the development of breaches at the bottom of the "bathtub" 
from the inside, and a possible diffusive mode of water 
contact, waste alteration, and release.!' Nitao 1 2 has pointed 
out that under partially saturated hydrclogical conditions, 
water would be preferentialiy absorbed by tuff with its small-
radius grain and pore sizes. To maintain a water film 
through container cracks and over spent fuel elements, 
development of small-radius surface texture, i.e., high 
surface roughness, would be necessary. 

PANDORA-1 includes models for heat generation 
rate, temperature profile inside the waste package, and 
thermal stress. Future versions will add radiation profile and 
mechanical stresses which may influence corrosion modes 
and waste form processes. An extension currently being 
planned for ^ N D O R A will incorporate new information in 
the near-field, container materials, and waste forms areas, 
and will extend the range of anticipated waste-package 
scenarios. PANDORA-1 was developed with use of 
software engineering and software lifecycle methods, which 
will aid in the transition to the revised QA program. 

Source Term Assessment 

1. Concepts. We are developing concepts for 
the First version of the Yucca Mountain-specific source term 
model, i.e., the containment and release rate performance 
summed over waste packages. The first model will be for 
anticipated processes and events. The task is non-trivial 
because different waste packages are subjected to different 
conditions, and the largest contribuiors to net release rate will 
probably come from a small number of packages with off-
average conditions. 

The existence ol variation in conditions among the 
waste packages is an essential part of the performance 
allocation for meeting the EBS performance requirements. 
This is included in the performance allocation in the SCP-
Sections 8.3.5.9 and 8.3.5.10. Different waste packages un
expected to have different local environments l eg . contact 
or no contact with liquid waterj. and the times of initial 



breaches and/or W-:I:,\RS of waste packages are expected to 
be spread out over time. Difference:; in container contents, 
other stochastic differences, and temperature field differences 
may also be expected. These will lead to differences in the 
results for the individual waste packages being summed 
over. 

To produce the source term while Hiking the 
differences among waste packages into account, the source 
term model (see Figure 5): 
(1) determines the ranges and distributions of the local 
environments, contents, and other parameters of the waste 
packages', 
(2) determines the performances of the waste packages, for 
each waste package or for a sample, using PANDORA as a 
basis: 
(3) sums results over the waste packages. 

The determination of the distributions of local 
environments should address the site scenario, variations in 
geologic behavior and designed features over space for the 
given site scenario, and variations in relevant fine-scale local 
details of events or properties, or at least bounding 
characterizations of these local details. Container responses 
will likely be sensitive to local details of rock movement and 
water flow as well as to broadly varying properties such as 
temperature. Details of ccn-i'iner alteration will be important 
to the subsequent processes of waste form alteration and 
release. Structuring the qualitative differences in the possible 
sequences of details may be done with tools such as failure 
modes and effects analysis and event trees. 

Site scenario 

Unit cell location 

Site scenario 

2. Example. An example source term 
calculation can be used as an outline of the process, and as a 
sensitivity study to show the importance of data to be 
developed in the future. The calculation should not be 
considered definitive in terms of model outputs. Some 
processes listed in the SCP and expected to be relied on to 
help the EBS subsystem meet the performance goals, and for 
which characterization or design work is planned, are not yet 
included in our model of EBS performance. 

Many elements of data are not yet available. To get 
the assessment process going, as a substitute for data we use 
parameter performance allocations from the SCP2 Section 
8.3.5.10 as assumptions. 

For the distribution of local environments among the 
waste packages for the an ticipated-condi tions scenario, the 
SCP allocates that nine tenths of the waste packages shall 
remain dry, while one tenth may become "wet". The "wet" 
condition is specified only to the extent of limiting the 
amount of groundwater flux in or near the borehole to 20 
liters/year. To be more specific, we proportion among die 
two wet contact modes modeled in PANDORA-1: we assume 
0.1 of the wet packages have the "bathtub" mode and 0.9 of 
the wet packages have the trickle-through mode. Further, we 
assume the water influx in the wet cases is 1 liter/year as in 
the earlier examples in this paper rather than the upper bound 
of 20 liters/year allocate i in the SCP. 
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Figure 5. Structure chart lor the source term model. The source term model calculation involves three major functions; 
the determination of the distribution of near-field environments and other parameters, the determination of single waste 
package responses, and a sum or integral. The figure uses the conventions for computer program structure charts. 
Activities or computer subroutines are in boxes. Data flows are arrows with nearby labels. Equal-level activities are done 
from left to right; the arc indicates repetition of activities. 
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The nines of water contact unci container breach are to 
be spread out in time, at least over 100 years according to the 
SCP performance allocation. Differences in the temperature 
field or stochastic differences in localized environmental 
changes or corrosion responses would contribute lo this 
spread in time. We first tin a sum over conudners that fail at 
the same time, with container proportions as described above 
of 0.9 dry, 0.01 "bathtub" contact mode, and 0.09 trickle-
through contact mode. The further sum of these sets over the 
range of failure times is a step we will only indicate 
qualitatively here. 

The example release rates for packages with the two 
water contact modes were shown in Figures 2 and 4 for a 
selected radionuclide, technetium-99 (Tc-99). For die dry 
contact mode diere is zero release. Doing a weighted sum of 
these results, all starting in the same year, we get the result 
shown in Figure 6. Except for the one-year early peak, the 
result is slightly below the NRC's performance goal of 
IxlO- 5 fraclion/year. Introducing a spread of initiation times 
will reduce the pulsed peak value. 
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figure o. Illustrative release rale for Tc-99. a sum over 
v.nsie packages experiencing dry, "bathtub", and irickle-
•.nroijgii v. .iter contact modes: with equal times of initial water 
e:itr> :nu> ,* hreacti. further summation over packages with 
;:;;!erc;;: -cites ui water contact will produce a source t en : 
ior i : i i- ' ! i l , 9 

As .t sensitivity consideration, it is apparent that if WL* 
,\CIC to assign the "bathtub' case for ail the "wei" 10% 
allocated bs irie SCP, then (he calculated release rate over all 
the waste packages would be as high as b . 7 x l 0 s 

!,\i-.:>);.;\car '1 ins value is greater than the NRC's 
;>erh:rn:a:n.c go.d (remember (Mat oiitcr elements from the 
SCF ((eriorrnance allocation are riot in the model yet). This 
example sensitivity calculation shows thai improvements in 
derii«K>ir.::i"ii • >f fiGS system performance can be obtained 
'iv iti.d•.!,'*g h\Urology (how much water gets into the 
-x>rcnu)'- and into a breached container) and container 
. orn 'sum (if a container is breached, can we expect multiple 
'vcacl'.cs K> develop,!. Acnviiies !o address these questions 
are aireads m !he SCP; liere we <•• ish u> illustrate their 

rates must be predicted Activities in studs [hoe issue*, are 
also planned in the SCT. 

Reliability and Uncenaintv Assessment 

One major element of ihe icliabilny ot IIVRICI 
prediciions is the distribution of model output due to the 
distributions of inputs. Estimation of the mean and 
distribution of the output is often done using a sampling 
method: sampling on inputs, calculating the model, and 
doing statistics on the sample of outputs. We have looked 
theoretically and by numerical experiments at the variance 
reduction and robust performance for a range of model types 
when using Latin hypercube sampling and several other 
methods. We have developed a new method which 
combines features of several methods, and are extending 
lests of the method. Sampling is also under evaluation for 
doing an integration in the source term problem when the 
number of variables to be integrated over is large. 

We looked at several existing sampling methods. 
Latin hypcrcube sampling (LHS) is a popular sampling 
method for variance reduction, but it has not been possible in 
practice to calculate how much variance reduction you get in 
any application. 1 3 Now we can calculate this and we find 
that the variance reduction from LHS is quite limited, 1 4 in 
many applications not much better than simple random 
sampling. 

A new sampling method, controlled sampling, 
combines several features from LHS and stratified sampling 
methods, plus new features. It has robust performance over 
a variety of models like stratified sampling, and a variance 
lower than LHS as shown by numerical experiments. 1 4 and 
is expected to show a variance lower than simple strati lied 
sampling. 

SUMMARY 

Performance assessment is oriented :ow.<;d 
regulatory performance requirements, and is site specific. 
EBS scenario development and event sequence development 
lead into singie-package PA, which provides the kernel tor 
PA summed over all waste packages. Study 1*1 \ anunons 
among waste packages and their near-fieid environment will 
be needed in the summed performance assessment for two 
reasons. First, a single assumed bounding case may provide 
too pessimistic an overestimate ot radionuclide release rates 
Second, in more realistic assessments the !:ke;\ median 
condition will prn\ ule no radionudiJe rcle.i-e. !<::! sanations 
may provide some release Sampling in unteruunis 
assessment is a subsequent step m examining the rcliahihis 
of predictions made m the perJormancc as segments 
Advances in sampling methods were rcfeienceo 

ACKNOWI.i-.IX'AlI-.VIS 

T h i s p.ipei ' u s usee i -n . -nrui i . >i, I N . ' : ,I- .rr. i l s tudies 
::ol y e ; a: the | \ I IVIS IR- ; J ri-poii . ; , : ge :.' i ,»p • ,.: .; 
( ' H a r d e n hroot; c o m p l e t e d an>! n i . p : e i n c n u \ i •: .• s i i . ^ e 
waste p a c k a g e p e r b ' i t r u i K c nn*de! l ' . \ M ) ' ) k \ . 
R ' I ' h a td ' c rde^e ' o . 'K 'd a'u* fe--tv<:'*ie ..•••: :: 
m e t h o d W ( i C u r . n e l U l e n v e d i r e .unm.- • • •{ \ .>n,e'., .-
reduct ion a t ta inable ' i \ trie ! .d'f- n: :*•;-;. !.•*•• Mr i ' , .* 1 

'• !- ' i . .eniical p i ;n . iples a l so inf luence the w a s t e 
•.•.'.: v . r.,:.> »i' ra 'e . w hx fi ;s .! ke - . pa ramete r :u the 
•i- i:>.i* • r 1 ';e tr ickle th rough m o d e p r o v i d e s a pe rhaps 
i j - . , ; , . an::-. dii i i-reni e c o c h c n u c a l env i ronmen t for wetted 
i.e- ' '•>.-. v.ater to iuel ra t io ami m o r e air) , and a longer t ime 
•:n •• : •• . :cc.it:<>;\ !o : which the chcmica i m e c h a n i s m s and 

http://rr.il


REFERENCES 

1. Safely Evaluation far Lawrence Livermore National 
Laboratory Quality Assurance Program Plan (LLNL • 
QAPP 033-YMP-R). U.S. Nuclear Regulatory 
Commission. October 20, 1989. 

2. Site Cfiaracterization Plan. Yucca Mountain Site, 
Nevada Research and Development Area, Nevada, 
U.S. Department Of Energy, Office Of Civilian 
Radioactive Waste Management, Report DOE RW-
0199 (December 1988). 

3. W.E. GLASSLEY, Reference Waste Package 
Environment Report. UCID-53726, Lawrence 
Livermore National Laboratory, Livermore, CA 
(1986). 

4. W. STEIN, J. N. HOCKMAN, and W. C. O'NEAL, 
Thermal Analysis ofNNWSI Conceptual Waste 
Package Designs, UCID-20091, Lawrence Livermore 
National Laboratory, Livermore, CA (1984). 

5. V. M. OVERSBY and C. N. WILSON, "Derivation 
of a Waste Package Source Term for NNWSI from 
the Results of Laboratory Experiments", in Scientific 
Basis for Nuclear Waste Management IX, L. O. 
Werme, ed., pp. 337-346, Materials Research 
Society, Pittsburgh. PA, Symposium Proceedings 
Vol. 50, also available as Lawrence Livermore 
National Laboratory Report UCRL-92096 (September 
1985). 

6. W. J. O'CONNELL and R. S. DRACH, Waste 
Package Performance Assessment: Deterministic 
System Model Program Scope and Specification, 
OCRL-53761, Lawrence Livermore National 
Laboratory (October 1986). 

7. J. C. FARMER and R. D. MCCR1GHT, "A Review 
of Models Relevant to the Prediction of Performance 
of High-Levei Radioactive Waste Containers", 
Corrosion '89, Paper no. 519, available from 
National Association of Corrosion Engineers (1989). 

X. J. C. FARMER, R. D. MCCRIGHT. G. E. 
GDOWSKI, and 11. S. AHLUWAL1A. "Corrosion 
Models for Performance Assessment of High-Level 
Radioactive Waste Containers", ir. SMIRT 
Conference Seminar no. 11 on Structural Mechanics 
and Materials Properties in Radioactive Waste 
Technology, Anaheim, CA, August 21-22. 1989, to 
be published in Nuclear Engineering and Design. 

9. JOHN J. NITAO, Numerical Modeling of the 
Thermal and Hydrological Environment Around a 
Nuclear Waste Package Using the Equivalent 
Continuum Approximation: Horizontal Emplacement, 
UCID-21444, Lawrence Livermore National 
Laboratory (May 1988). 

10. C. N. WILSON and C. J. BRUTON, Studies on 
Spent Fuel Dissolution Behavior Under Yucca 
Mountain Repository Conditions, UCRL-100223, 
Lawrence Livermore National Laboratory, (March 
1989). 

11. T. H. PIGFORD and P. L. CHAMBRE, "Near-Field 
Mass Transfer in Geologic Disposal Systems: A 
Review", in Scientific Basis for Nuclear Waste 
Management XI. M. J. Apted and R. E. Westerman, 
editors, pp. 125-142, Materials Research Society, 
Pittsburgh, PA, Symposium Proceedings Vol. 112 
0987). 

12. JOHN J. NITAO, Simulations of the Near-Field 
Transport of Radionuclides by Liquid Diffusion at 
Yucca Mountain - - Comparisons With and Without 
Emplacement Backfill, UCID-21466. Lawrence 
Livermore National Laboratory (July 1988). 

13. T. H. ANDRES, "Statistical Sampling Strategies", in 
Uncertainly Analysis for Performance Assessments of 
Radioactive Waste Disposal Systems, Proceedings of 
a Workshop, Seattle, Wash., February 24-26, 1987, 
OECD Nuclear Energy Agency, Paris, France (1987). 

14. W. J. O'CONNELL. D. A. LAPPA, and R. M. 
THATCHER, "Waste Package Performance 
Assessment for the Yucca Mountain Project", in 
Waste Management '89, University of Aruona. 
Tucson, AZ, also available as Lawrence Livermore 
National Laboratory Report UCRL-100395 (1989). 

K' 


