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Introduction

We are constructing and analyzing scenarios for the release of

radioactive material from hypothetical repositories in different types of rock

at the Nevada Test Site (NTS). This task, which we began in fiscal year 1981,

is a first step toward producing the repository performance assessments

required by the NWTS master schedule.

The Nevada Nuclear Waste Storage Investigations (NNWSI) project is now in

an early stage, area screening, in which the most suitable specific locations

and rock units are picked for further study. Although it is unusual for

the performance-assessment work to begin so early in a project, we felt, for

reasons we shall explain in the talk, that the early steps in performance

assessment can be useful in area screening and in planning the collection of

field data. Our work so far is only preliminary; although we have constructed

a large set of scenarios, we have not begun to assess their consequences in

detail.

Methods

The technique we are using for assessing repository performance is

scenario analysis: we are examining hypothetical sequences of events and

processes that might release radioactive material from a repository. Scenario

analysis has several well-known purposes in the development of

2
repositories. When used in area screening, it has an additional purpose:

it is an aid in deciding which of the generally desired characteristics are

the most important in ranking a particular proposed site. Furthermore,
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examining the consequences of scenarios will help in deciding which of these

characteristics are strictly necessary at particular sites; although the set

of characteristics is sufficient for ensuring the safety of a repository, not

every characteristic is necessary at every site.

We have produced our scenarios by constructing event trees; each path

through an event tree is a scenario. Our event-tree methods are deductive:

unlike the inductive methods frequently used in developing models, they force

the analysts to record and make available the assumptions and reasoning behind

the inclusion of each sequence of events. This availability is particularly

important for our work, which will undergo repeated revision as the NNWSI

project obtains new information.

The methods we have used to construct our event trees are similar to

those used in a study for a repository in bedded salt. The entries in our

trees may be either events or processes; in fact, we use these two terms

interchangeably in the talk. As shown by the examples we present, our trees

are not fault trees, and our scenarios are not necessarily worst cases.

Examples of event trees

The event tree shown in Figure 1 helps in explaining the usefulness of

scenario analysis in area screening and in guiding data collection. This

tree, one of the simplest in our set, begins with a process that will occur to

some extent in all the rocks being studied at the NTS: the flow of water that

occurs normally, whether or not a repository is built. Below this process the

figure shows two other processes that could continue sequences leading to a

release of waste. The process on the left occurs if enough water normally

flows through the repository to entrain radioactive material. This process

might conceivably be important in highly permeable rocks like some of the



saturated .welded tuffs at the NTS; an accurate prediction of its importance

will require measurements that determine the amount of water actually flowing

through the rocks. The process could be of little importance in less

permeable rocks like argillite, which is also found at the NTS. The remainder

of the tree shows other steps by which the normal flow might move

radionuclides to an aquifer system lying beneath a repository.

This example shows how the analysis of a tree can help in area

screening. One reason for seeking sites with a low rate of normal flow is to

guard against scenarios like the ones in Irhis tree. At a site where no

aquifers underlie the repository, these scenarios cannot occur, and a

low-flow-rate criterion may be less important than it is at other sites.

The entry "Convective cell forms" requires special attention. Because

the conditions necessary for creating a convective cell are not thoroughly

understood, this complex single entry has to be expanded into a series of

events, each of which must be understood if the convective cell is to be

modeled accurately. Figure 2 shows the subtree into which we have expanded

the convective-cell entry. Two of the entries, "Fluids leach waste" and

"Waste is transported in convective cell," are so complex that we have

expanded each of them into separate event trees, not shown in Figure 2.

The repeated expansion of entries in the trees is an important part of

scenario analysis. The aim of the expansion is to reach a level of detail

appropriate for modeling or to show that some of the branches are physically

impossible and need not be modeled. Although not of major importance in area

screening, this expansion is necessary in the modeling that, will be part of

the more detailed studies to be carried out in the NNWSI project.



Plans for use in the NNWSI project

The complete set of NTS event trees, as now constructed, comprises about

340 scenarios, not counting the multiple paths through the subtrees made by

expanding complex events. We are analyzing each of these scenarios for 10

different types of rock, some saturated and some unsaturated, that the

area-screening program is now examining. Because each scenario may have

different consequences for each of the 10 rock types, the event trees actually

contain more than 3000 scenarios. An important part of this work will be the

elimination of scenarios that can easily be shown to have less important

consequences than others.

As the area screening reaches its objectives during 1982, the emphasis in

this work will shift to consequence assessment. Detailed modeling of the

important scenarios will begin then.
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Figure 1. An example of the event trees beginning with
the norinal flow of water through th'.> host rock.
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Figure 2. Expanded subtree describing the formation of a
convective cell.


