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ABSTRACT 

Scenario development is part of the iterative performance assessment (PA) process for 
the Waste Isolation Pilot Plant (WIPP). Scenario development for the WIPP has been 
the subject of intense external review, and is certain to be the subject of continued 
scrutiny as the project proceeds toward regulatory compliance. The principal means of 
increasing confidence in this aspect of the PA will be through the use of a systematic and 
thorough procedure toward developing the scenarios and conceptual models on which the 
assessment is to be based. Early and ongoing interaction with project reviewers can 
assist with confidence building. Quality of argument and clarity of presentation in PA 
will be of key concern. Appropriate tools are required for documenting and tracking 
assumptions, through a single assessment phase, and between iterative assessment phases. 
Risks associated with future human actions are of particular concern to the WIPP project, 
and international consensus on the principles for incorporation of future human actions 
in assessments would be valuable. I J I v 1 1=0 
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ABSTRACT 

Scenario development is part of the iterative 
performance assessment (PA) process for the Waste 
Isolation Pilot Plant (WIPP). Scenario development for 
the WIPP has been the subject of intense external review, 
and is certain to be the subject of continued scrutiny as 
the project proceeds toward regulatory compliance. The 
principal means of increasing confidence in this aspect of 
the PA will be through the use of a systematic and 
thorough procedure toward developing the scenarios and 
conceptual models on which the assessment is to be 
based. Early and ongoing interaction with project 
reviewers can assist with confidence building. Quality of 
argument and clarity of presentation in PA will be of key 
concern. Appropriate tools are required for documenting 
and tracking assumptions, through a single assessment 
phase, and between iterative assessment phases. Risks 
associated with future human actions are of particular 
concern to the WIPP project, and international consensus 
on the principles for incorporation of future human 
actions in assessments would be valuable. 

I. INTRODUCTION 

Assessments of the long-term safety of radioactive 
waste disposal sites rely on a combination of qualitative 
judgements and quantitative modelling. The ultimate 
aim of these assessments is an evaluation of the 
performance of a particular site or disposal concept 
against a regulatory measure, such as individual dose or 
risk, or cumulative releases of radionuclides. An 
important aim of site characterisation is to provide the 
data required for the development, evaluation and use of 
the conceptual models and corresponding mathematical 
models required for a quantitative assessment of long-
term performance. 

Peter N. Swift 
WIPP Performance Assessment Department 6342 
Sandia National Laboratories, MS-1328 
Albuquerque, NM 87185 
U.S.A. 
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Various methods have been used to progress from the 
site and system understanding achieved during site 
characterisation to a well-structured performance 
assessment (PA). All radioactive waste disposal 
programmes face the problem of determining exactly what 
phenomena and components of the disposal system can 
and should be dealt with in the quantitative PA. In the 
radioactive waste disposal literature, this problem is 
normally referred to as 'scenario development', and the 
phenomena and components of the system - or the 
'things' to be modelled - have sometimes been referred to 
as features, events and processes (FEPs). 'Scenarios' 
themselves can be considered as broad descriptions of 
alternative futures of the waste disposal system. Multiple 
scenarios have been used where it is not possible or 
convenient to describe the system using a single 
integrated model. 

An international review of scenario development 
methodologies is being undertaken on behalf of Sandia 
National Laboratories (SNL), within the context of the 
performance assessment programme for the Waste 
Isolation Pilot Plant (WIPP). The purpose of the review 
is to evaluate approaches to scenario development, and to 
compare methods used recently with those used in the 
WIPP PA, with the aim of improving the basis for the 
screening of events and processes in WIPP PAs. 

An important aspect of the review was the 
organisation of an informal international seminar with 
participants from many of the national programmes 
active in scenario development1. Previous discussions at 
an international level were held in the period 1987-1989, 
by a working group of the Nuclear Energy Agency of the 
Organisation for Economic Co-operation and 
Development (OECD/NEA).2 However, new work has 
been reported since then in many of the countries with 
disposal programmes for long-lived radioactive wastes. 
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Additional input for the review came from study of recent 
performance assessment documents from countries active 
in the field>1 2 

Scenario development for the WIPP is reviewed in 
Section II of this paper. An analysis of several key 
issues in scenario development and an explanation of the 
relevance of these issues to the WIPP project is provided 
in Section III. Based on this analysis, recommendations 
relating to documentation and integration of the scenario 
development process are provided in Section IV. 

II. SCENARIO DEVELOPMENT FOR THE WIPP 

A. Regulatory Background 

The WIPP has been developed by the United States 
Department of Energy (DOE) to demonstrate the safe 
disposal of transuranic wastes (TRU) generated by DOE 
defense programmes since 1970. The WIPP is located 42 
km east of Carlsbad, in southeastern New Mexico. The 
proposed repository is in bedded salt about 655 m below 
the land surface (Figure 1). Prior to disposing of waste 
at the WIPP, the DOE must evaluate compliance with 
applicable long-term regulations and, in particular, those 
promulgated by the United States Environmental 
Protection Agency (EPA), including 40 CFR Part 191 
(Subparts B and C) and 40 CFR Part 268.6.13-15 

The Containment Requirements of 40 CFR 191, 
Subpart B (§191.13) set limits on the probability that 
cumulative releases of radionuclides to the accessible 
environment for 10,000 years after disposal will exceed 
certain limits.13 The accessible environment is defined to 
be (1) the atmosphere, (2) land surfaces, (3) surface 
waters, (4) oceans, and (5) all of the lithosphere that is 
beyond the controlled area (§ 191.12[k]).i3 The 
controlled area for the 1992 WIPP PA was the 41-km2 
land-withdrawal area. 

The Land Disposal Restrictions (40 CFR 268) of the 
Resource Conservation and Recovery Act (RCRA) 
regulate releases of specified nonradioactive hazardous 
materials from the repository to the disposal-unit 
boundary.is For the WIPP, these hazardous materials 
include heavy metals and semivolatile and volatile 
organic compounds. The disposal unit for the WIPP has 
been defined to be the entire volume of the Salado 
Formation within the WIPP land-withdrawal area, and it 
is assumed that the same lateral spatial scale applies as 
for the accessible environment defined in 40 CFR 191, 
Subpart B.i* The length of the regulatory period will be 
a waste-specific and site-specific determination, and is 
assumed to be 10,000 years for the purpose of interim 
analyses.16 

Figure 1: Generalised WIPP stratigraphy.16 

• B. Performance Assessment Overview 

System performance assessments will form an 
important basis for evaluating compliance with the 
applicable regulations. The SNL/WIPP Performance 
Department (PA) Department is responsible for 
performing iterative performance assessments of the 
WIPP, to provide guidance to the project while preparing 
for final compliance evaluation. 

Long-term containment of wastes at the WIPP is 
provided by a multibarrier system that comprises three 
principal components: 

(i) Engineered barriers such as the waste form, 
repository backfill, and shaft and panel seal 
systems. The waste containers themselves are 
assumed to lose their integrity almost immediately. 
However, for the base case, long-term performance of 
the shaft seal systems is important in limiting 
releases. 

(ii) The 600-m thick halite host rock (Salado 
Formation). This unit has an extremely low 
permeability, and is not expected to provide a 
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pathway to the accessible environment in the 
10,000-year time frame of concern, unless it is 
breached by inadvertent future human actions, such 
as exploration for natural resources that are known 
to exist in the region. 

(in) The geologic units underlying and overlying the 
Salado Formation. In particular, given a breach of 
the Salado Formation by a future borehole, it is 
expected that significant delay and retardation of 
radionuclides will occur in the principal aquifer of 
concern, the Culebra Dolomite Member of the 
Rustler Formation. 

Annual assessments have been conducted and 
published by SNL in the period 1989-1992.16 
Assessment structure is linked to the representation of risk 
in response to three questions:17 

(i) What can happen? (scenarios) 

(ii) How likely are things to happen? (likelihood of 
occurrence of scenarios) 

(ii) Classification of the events and processes to aid in 
completeness arguments. 

(iii) Screening the events and processes to identify those 
that can be eliminated from consideration in the 
performance assessment. Screening criteria include 
low probability, negligible consequence, physical 
reasonableness, and regulatory guidance on the 
treatment of future human actions. 

(iv) Developing scenarios by combining events and 
processes that remain after screening. A logic 
diagram is used to illustrate the possible 
combinations (Figure 2). At each junction within 
the diagram, a yes/no decision is made as to whether 
the next event or process is added to the scenario. 
Parameter values, time of occurrence, and location of 
occurrence are not used to define the events and 
processes, and parameter uncertainty is incorporated 
directly into the assessment database. Thus, each 
scenario consists of a combination of occurrence and 
non-occurrence of all events and processes that 
survive screening. 

(iii) What are the consequences of these things 
(scenarios) happening? 

Systematic scenario development techniques have 
been employed to answer the first question. A formal 
elicitation procedure using expert panels has been used to 
answer the second question.18 Monte-Carlo simulation is 
used to examine uncertainties in consequence assessments 
and to perform sensitivity analyses that provide guidance 
to the project. 

C. Scenario Development Procedure 

Although early scenario development for the WIPP 
used an event-tree approach, in recent years the 
systematic five-step procedure developed by Cranwell et 
al. has been used, as outlined below:19 

(i) Compilation or adoption of a comprehensive set of 
features, events and processes that potentially could 
affect the disposal system. The current WIPP list is 
based on that in Cranwell et al. (ibid), which itself 
reflects the discussions of an expert group that met 
in the late 1970s. The list is restricted to potential 
'disruptions' that arise externally to the disposal 
system, or that are caused by human activity -
including emplacement of the radioactive wastes. 
The term 'features' has not been used in scenario 
development for WIPP PAs, and is omitted from the 
discussion that follows. 

(v) Screening scenarios to identify those that have little 
or no effect on the performance estimate. Screening 
criteria are similar to those used in screening events 
and processes. 
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Figure 2 : Potential scenarios for the WIPP disposal 
system. 1 6 Each scenario is a set of similar 
occurrences and a subset of all possible 10,000-year 
histories beginning at decommissioning of the 
WIPP. 
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This process is structured and provides an auditable 
and documented means for identifying and screening 
events and processes of concern. Potentially disruptive 
events and processes are combined to form a mutually 
exclusive and representative set of scenarios for 
consequence analysis. The likelihood of occurrence of a 
scenario may be estimated directly, or by combining the 
likelihood of occurrence and non-occurrence of its 
constituent events and processes. 

D. Application to the WIPP 

For the WIPP, the 'base-case' represents expected 
behaviour of the natural and engineered systems, 
including consideration of variability in these systems 
and uncertainties in characterising them. The base-case 
scenario does not take into account disruptions caused by 
future human actions or the occurrence of 'unlikely' 
natural events. Thus, all naturally occurring events and 
processes retained for scenario development have been 
considered to form part of the base-case scenario. 
Simulations conducted to date indicate that this scenario 
is not expected to give rise to any releases to the 
accessible environment in the time frame of concern.16 

Future human actions are currently judged to be the 
only disruptive events requiring additional system 
assessment outside the base-case scenario. These events 
are combined with the base case to form additional 
scenarios that could give rise to releases within the 
10,000-year regulatory time frame. In the scenario 
development work conducted to date, three events have 
been retained for scenario development, leading to the 
construction of eight scenarios (Figure 2). The three 
events are: 

El - The inadvertent drilling of one or more exploratory 
boreholes that intersect a waste-filled room or drift 
and a hypothetical pressurised brine reservoir in the 
underlying Castile Formation; the borehole(s) forms 
a flow path to the overlying Culebra Dolomite. 

E2 - The inadvertent drilling of one or more exploratory 
boreholes that intersect a waste-filled room or drift 
but not a brine reservoir in the underlying Castile 
Formation; the borehole(s) forms a flow path to the 
overlying Culebra Dolomite. 

TS -Mining for potash by either conventional or solution 
methods in areas beyond the boundaries of the waste 
panels; the mining leads to. subsidence, with 
potential for degraded performance of the geosphere 
system. 

The scenario leading to the largest consequences is 
E1E2, in which two boreholes, one of each type, penetrate 
a single waste panel, creating a flow path for Castile 
brine through the waste from one hole to the other and 
then upward to the Culebra Dolomite. Scenarios 
involving TS have not yet been modelled within the 
assessment, but are not expected to affect significantly the 
final evaluation of compliance with the EPA regulations. 

Many judgements and assumptions are required in 
order to assess the potential risks associated with future 
human actions. These judgements are clearly required for 
modelling of the intrusion activity; they are, however, 
also required in considering the transport of radionuclides 
from the repository through the surrounding geology and 
to the accessible environment. 

E. Peer Review of WIPP Scenario Development 

Because assessments are being conducted and 
documented iteratively, external reviewers have had 
several opportunities to provide input to the performance 
assessment. Reviewers have expressed concern about the 
logic behind various screening arguments:20 

• Certain events and processes have been screened out 
owing to low consequence, with insufficient attention 
paid to a quantitative demonstration that this was 
indeed the case. 

Existing site information has not always been fully 
considered in screening events and processes, and in 
framing the models used in performance assessment. 

• Not all potentially significant interactions between 
features, events and processes have been considered 
in screening arguments. 

Reviewers have also questioned the 
comprehensiveness of the initial list of features, events 
and processes, and the documentation of the screening 
process. For example, the initial list of FEPs cannot be 
considered comprehensive in the sense that many FEPs 
which form part of the base case are not included on the 
list (e.g., hydrological and geochemical processes). The 
result is that there is no clear discussion in one place in 
the assessment documentation of what FEPs are included 
in the base case, the reasoning behind this selection of 
FEPs, and the linkages between them. 

Despite these criticisms, the work to date does have 
the advantage of having been submitted to continuous 
and rigorous peer review. Many of the reviewers' 
concerns have pertained more to the presentation of the 
available information, rather than to the broad selection 
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of scenarios to model or to the basic methodology for 
developing scenarios. 

The WIPP review process indicates that external 
reviewers will focus on the comprehensiveness of the 
scenario development exercise, and the arguments used to 
exclude particular events and processes from the 
quantitative system assessment. Thus, decisions to 
exclude particular events and processes need to be well 
defended, with quantitative argument whenever possible. 
The methodology used for forming scenarios is likely to 
be of secondary importance to the quality of the argument 
used in developing the assessment basis. 

III. INTERNATIONAL COMPARISON OF 
SCENARIO DEVELOPMENT METHODOLOGIES: 
PRELIMINARY ANALYSIS 

A. Previous Reviews 

Assessments must both demonstrate regulatory 
compliance and be clearly presented. The importance of 
clearly identifying the phenomena to be included in an 
assessment was already recognised more than a decade 
ago, when the first syntheses of approaches to scenario 
development appeared.21 Since then, summaries of 
approaches to scenario development have appeared 
regularly, and such reviews are becoming increasingly 
fashionable. In large part, the recent reviews seem to be 
motivated by the desire to ensure that programmatic lists 
of FEPs are as comprehensive as possible. 

Recent reviews have been conducted on behalf of 
TVO (Finland), SKI (Sweden), NAGRA (Switzerland) 
and the SNL Greater Confinement Disposal (GCD) 
project (United States).3-6 Several of these projects have 
compiled master lists of FEPs based on review of a large 
range of other studies. The master lists were then 
screened, for example to remove duplicate entries, and 
were used as a basis for the ensuing scenario selection 
and modelling exercises. It is interesting to note, 
however, that the basic starting lists used by these 
projects have not been identical, because the researchers 
involved in these studies have had access to different 
lists, not all of which are yet publicly available. In 
addition to these studies, FEP lists have also been 
compiled at an international level, and work is 
continuing in this direction.22 

These studies show that almost all of the important 
events and processes were already identified in the earliest 
assessments. Improvements in assessments pertain more 
to increased realism in process models, better 
understanding of linkages between FEPs, and better 
treatment of uncertainties and presentation of results. 

This analysis builds on the earlier reviews, 
discussions at an informal international seminar, and 
review of recently published performance assessments.1-12' 
19,21 

B. Overall Performance Assessment Methodology 
and Importance of Judgement 

There has been discussion within the assessment 
community over the past 15 or more years concerning 
approaches for treatment of uncertainty related to 
evolution of a disposal system. Many of the early 
performance assessments were characterised by an ad hoc 
procedure to arrive at decisions on what events and 
processes to consider, and the decision bases were 
sometimes not well documented. Approaches to model 
formulation have become increasingly more systematic 
and increasing attention is being paid to formal methods 
for the use of expert judgement for event and process 
screening, model development and parameter selection. 

Many apparent methodological differences between 
performance assessment programmes are a result of 
differences between sites, repository design concepts, and 
national regulatory requirements. In addition, apparent 
differences arise from decisions on which processes ought 
to be considered within the main system assessment 
model, and which should be treated through separate 
analyses outside the system model (e.g, for reasons of 
clarity or convenience). Such decisions have led to a 
distinction between so-called scenario-based and 
simulation-based approaches to assessment. This 
distinction is more apparent than real, as the aim of both 
approaches is to produce a model of the system.23 Both 
approaches require reasoned argument and extensive use 
of expert judgement to arrive at this goal. In addition, 
the most important part of any methodology will be the 
quality of the judgements made (i) in determining which 
features, events and processes to consider in the 
assessment, and (ii) in linking them together in an overall 
conceptual model of the system. 

C. Documentation 

The screening of events and processes will be an 
important focus for external review, including that by 
regulatory agencies. Review will be facilitated by 
providing sufficient information in one place in the 
assessment documentation for reviewers to understand the 
decision bases on assessment structure. The inevitable 
focus of reviewers on this part of the assessment leads to 
high demands for clear documentation. Catalogues of 
FEPs and influence diagrams have been developed and 
used to good effect in many programmes. Such tools can 
assist with tracking decisions and assumptions through 
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an assessment, as weii as from one assessment phase io 
the next 

Relevance to WIPP: In documentation for the 
WIPP PAs, screening of potentially disruptive events and 
processes has been discussed under the heading of 
'scenario development'. However, numerous other 
assumptions have been made concerning evolution of the 
system under both normal and disruptive conditions. 
Documentation of these assumptions is found in several 
places in recent assessments, and some assumptions may 
have been undocumented. 

D. Comprehensiveness 

A great deal of duplication has occurred in 
developing comprehensive lists of FEPs that may be 
relevant to system safety, with many national 
programmes developing their own supposedly 
comprehensive lists of FEPs as a basis for making 
screening decisions for assessments. Some of these lists 
have been developed internally; some have been compiled 
based on comparison with lists available in other 
programmes. 

Work underway at an international level will reduce 
this duplication of effort in the future, and will help 
ensure that FEP lists are as comprehensive as possible. 
The OECD/NEA has recently initiated a working group 
to establish an international database of features, events 
and processes of concern to long-term performance 
assessments of deep geological disposal systems. The 
international FEP list is supposed to be developed as a 
relational database that represents the sum of national 
experience in identifying, classifying and screening FEPs. 
The database, when available in late 1994 or early 1995, 
will be of value to all assessment programmes. 

Relevance to WIPP: The WIPP performance 
assessment programme has developed its own 
'comprehensive' list of FEPs, which focuses on potential 
disruptions. The lists of other programmes are 
substantially longer, and include a great deal of detail 
concerning the modelling of disposal system evolution in 
undisturbed (as well as disturbed) conditions. 

E. Screening and Combining FEPs 

For practical reasons, there is a need to screen out 
many events and processes early on, but this should be 
done whenever possible using quantitative arguments. 
Important early screening criteria may relate to particular 
characteristics of the site and disposal concept, regulation 
(or ground rules for the assessment), probability, and 
consequence. 

Scenarios and conceptual models should be 
formulated initially on the basis of current understanding 
of the disposal system Development of a representative 
set of scenarios for consequence analysis will be 
influenced, however, by mathematical and numerical 
modelling capability, as well as by the overall approach 
to assessment. As already noted, experience with 
reviews, particularly within the WIPP project, shows that 
the overall methodologies for forming scenarios are likely 
to be of secondary importance to the quality of the 
argument used in screening events, processes and 
scenarios. 

Relevance to WIPP: Criticism of the WIPP 
scenario development work has focused on the quality of 
the argument behind various screening decisions that have 
been made. For example, assumptions used in the 
assessment concerning the treatment of future human 
actions have been questioned. Future WIPP PAs will 
consider in detail the range of comments received and 
modify the argumentation as needed to account for them. 
This will be an ongoing process as the project moves 
through the regulatory process, in so far as the scenario 
development work remains a focus of external review. 
Interaction between the project staff and its reviewers will 
be a vital step in building confidence in the quality of the 
argument used throughout the assessment 

F. Treatment of Conceptual Model 
Uncertainty 

The process of forcing experts to undertake a 
conscious sorting of alternative assumptions concerning 
evolution of the disposal system - and appropriate 
documentation of this sorting process - is a time-
consuming effort Nonetheless, the results of this process 
can provide a useful tool for evaluating progress within 
assessment programmes and for providing an accessible 
source of information for reviewers. Reviewers need to be 
able to understand what decisions and assumptions were 
made in an assessment why they were made, what 
alternative assumptions might also have been made, and 
the potential affect on assessment results of these 
alternative assumptions. These issues were discussed at a 
recent OECD/NEA Workshop on conceptual model 
uncertainty.24 Systematic approaches are being actively 
developed in several countries. 

Relevance to WIPP: There has been no formal use of 
expert judgement aimed at systematically identifying 
alternative plausible assumptions relating to conceptual 
models, and considering their relative importance in the 
WIPP PA. Emphasis has however been placed on 
submitting the iterative PAs to a broad range of formal 
and informal peer review, and in responding to reviewers' 
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concerns. It is considered that an iterative approach to 
PA and external review is a good means of developing 
confidence in the assessment. 

IV. CONCLUSIONS AND RECOMMENDATIONS 

Recommendations are provided below concerning 
scenario development in general, and scenario 
development for the WIPP PA in particular. 

Alternative assumptions and decisions in the 
modelling process need to be addressed systematically to 
build confidence in the assessment. In particular, all key 
assumptions should be systematically compiled and kept 
under review for each iterative assessment. A 
documented systematic methodology for this is 
fundamental to the rational review and acceptance of an 
assessment. 

Comprehensiveness of the scenario development and 
conceptual modelling activities is an important issue in 
all programmes. Uncertainty over comprehensiveness can 
be addressed by development of clear documentation 
concerning the translation from site and system 
information to the predictive models used in PA. 

Tools - such as relational databases for FEPs and 
influence diagrams at an appropriate level of detail - are 
required for documenting and tracking decisions and 
assumptions made in assessments, through a single 
assessment phase, and between iterative assessment 
phases. Even though an international FEP database will 
be available soon, in-house site-specific databases also 
will be beneficial. Such in-house databases could serve 
as a useful tool for communication within the project, as 
well as with all reviewers and stakeholders in the 
assessment process. 

The need to undertake PAs iteratively and to use the 
results of these assessments in providing guidance to 
other project staff is well recognised. These iterative PAs 
provide an opportunity for ongoing critical interaction 
between the PA project and its reviewers. Such interaction 
should be initiated early within a disposal project, as it 
can be a vital step in building confidence in the quality 
of the argument used throughout the assessment 

All programmes concerned with the disposal of long-
lived radioactive wastes have addressed to a greater or 
lesser extent the issue of future human actions. An 
international consensus on the methodologies and 
principles for quantitative assessment would build 
confidence in the way in which future human actions are 
considered in PAs. 2 2 Such consensus would be of 
particular value to the WIPP project because of the 

importance of human intrusion in the PA. 

Developing the bases for an assessment is a 
multidisciplinary task, placing high demands on 
management and requiring appropriate organisational 
structures to overcome the tendency for individual experts 
to focus on the particular problems in their own 
disciplines. The recommendations outlined here may 
seem mundane, but review of national assessment 
programmes shows that they have not yet been fully 
implemented. Additional effort needs to be applied to 
improve the documentation and presentation of 
assessments, but any additional resource requirements 
will be relatively small in view of the overall costs of 
waste disposal programmes. 
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