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ABSTRACT

Sandia National Laboratories (SNL) convened an expert panel to develop
design characteristics for permanent markers and to judge the efficacy of
the markers in deterring inadvertent human intrusion in the Waste Isolation
Pilot Plant (WIPP). The WIPP, located in southeastern New Mexico, is de-
signed to demonstrate the safe disposal of transuranic (TRU) radioactive
wastes generated by the United States Department of Energy (DOE) defense
programs. The DOE must evaluate WIPP compliance with the Environmental
Protection Agency (EPA) regulation Environmental Standards for the
Management and Disposal of Spent Nuclear Fuel, High-Level and Transuranic
Radiocactive Wastes (40 CFR Part 191, Subpart B); this EPA regulation
requires: "Disposal sites shall be designated by the most permanent

-markers, records, and other passive institutional controls practicable to
indicate the dangers of the wastes and their location" (Federal Register
50: 38086c). The period of regulatory concern is 10,000 years.

The expert panel identified basic principles to guide current and future
marker development efforts: (1) the site must be marked, (2) message(s)
must be truthful and informative, (3) multiple components within a marker
system, (4) multiple means of communication (e.g., language, pictographs,
scientific diagrams), (5) multiple levels of complexitiy within individual
messages on individual marker system elements, (6) use of materials with
little recycle value, and (7) international effort to maintain knowledge of
the locations and contents of nuclear waste repositories. The efficacy of
the markers in deterring inadvertent human intrusion was estimated to
decrease with time, with the probability function varying with the mode of
intrusion (who is intruding and for what purpose) and the level of
technological development of the society. The development of a permanent,
passive marker system capable of surviving and remaining interpretable for
10,000 years will require furthér study prior to implementation.
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PREFACE

This- SAND report was prepared from information presented by a panel of
experts expressing judgments about the design and efficacy of markers to
deter inadvertent human intrusion into the Waste Isolation Pilot Plant
(WIPP). Appendices F and G were written by the panelists. The authors
consolidated and utilized these appendices in preparing the body of the
report. The individual reports are reprinted as received by the project
coordinator except for (1) correcting typographical errors, (2) editing for
internal format comsistency, (3) renumbering, repositioning, and captioning
figures, (4) updating the table of contents to be in line with the previous
changes, and (5) changing the text in accordance with answers to a number of
questions that were addressed to the individual teams about their reports as
written. The members of the expert panel reviewed a draft copy of the report
and the updated versions of Appendices F and G, and responded to the
questions provided.

The panel of experts made their judgments based on current (as of November
1991) information from disciplines pertinent to markers and about the WIPP
Project itself. A final decision on marker system design and placement will
be based on all information that is available to the WIPP Project at the time
the decision is made.
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1. INTRODUCTION

Expert elicitation was used to determine the potential for markers to

deter inadvertent human intrusion by future generations into the Waste
Isolation Pilot Plant (WIPP). Specific goals were to obtain information
about marker designs and message formats that will remain in existence and
interpretable for the required time period of regulatory concern, and to
estimate the effectiveness of specific marker designs in deterring intrusion
and communicating a warning to future generations about the location and
nature of the waste buried at the WIPP. The assumption was made that when
individuals know what materials are buried in the area and the dangers of
intruding into the material, they will not do so. This effort was undertaken
by the Performance Assessment Department at Sandia National Laboratories
(SNL).

This effort to communicate a warning to deter inadvertent human intrusion
into a repository is necessary because of the hazardous materials that are
planned for disposal in the WIPP facility. The radioactively contaminated
waste should be isolated from the biosphere until the risks posed by possible
releases are acceptably small. In order to accomplish this isolation,
knowledge of the location and the nature of the wastes must be maintained and
passed on to successive future societies. Markers are physical structures
(such as earthworks, stone monoliths, and rock cairns) that are capable of
carrying the intended message for a long period of time. The message is the
means of communicating with whatever future societies may exist.

The WIPP was authorized by Public Law 96-164 (1979) as a research and
development facility "to demonstrate the safe disposal of radioactive wastes
resulting from the defense activities and programs of the United States
exempted from regulation by the Nuclear Regulatory Commission..."
Physically, the WIPP is a facility located approximately 26 miles (42 km)
east of Carlsbad, New Mexico (Figure 1-1). The planned repository is
schematically shown in Figure 1-2. Some of the experimental areas have
already been mined at 2157 ft (657 m) below the surface, within the bedded-
salt Salado Formation (Figure 1-3). If the WIPP is approved as a disposal
facility, it will accept laboratory and production waste contaminated with
transuranic elements produced by the nuclear-weapons program. Transuranic
(TRU) waste 1is defined for regulatory purposes as waste contaminated with
radionuclides having an atomic number greater than 92, a half-life greater
than 20 years, and a concentration greater than 100 nCi/g. In addition to
TRU waste, lead, radium, thorium, uranium, and contaminants with half-lives
less than 20 years are expected to be disposed of at the WIPP. While the
WIPP's primary mission is for the disposal of radioactive wastes, the nature

1-1
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New Mexico

I‘(WIPP

/ Lake
Avalon

TRI-6342-223-1

Figure 1-1. WIPP location map (after Bertram-Howery and Hunter, 1989).
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1.1 Fiegulatory Requirements for Markers

of the waste is such that some hazardous materials may contaminate the
radioactive waste.

1.1 Regulatory Requirement for Markers

The disposal of nuclear waste at the WIPP is governed by the
Environmental Protection Agency’s (EPA’s) Environmental Standards for the
Management and Disposal of Spent Nuclear Fuel, High-Level and Transuranic
Radioactive Wastes (40 CFR Part 191; EPA, 1985), referred to herein as the
Standard. Subpart A governs the operation of a repository prior to closure
and will not be discussed further in this report. Subpart B governs the
operation of a repository after closure and for the entire regulatory period
of 10,000 years. Subpart B was vacated and remanded to the EPA by the US
Court of Appeals for the First Circuit in 1987. Through the Second
Modification to the Consultation and Cooperation Agreement (U.S. DOE and
State of New Mexico, 1981l), studies regarding the performance of the WIPP
will continue under the provisions of the remanded Standard until a new
Standard is promulgated.

The Containment Requirements (§191.13) of the Standard set limits for the
cumulative release of radionuclides to the accessible environment. The
cumulative release limits are couched in terms of the magnitude of a
potential release and the probability of its occurrence. Such potential
releases are to be calculated during the course of a performance assessment.
The performance assessments for the WIPP are conducted by the Performance
Assessment Department at SNL. A performance assessment is defined in the
Standard (§191.12(q)) as a process that:

(1) Identifies the processes and events that might affect the
disposal system; (2) examines the effects of these processes and
events on the performance of the disposal system; and (3)
estimates the cumulative releases of radionuclides, considering
the associated uncertainties, caused by all significant processes
and events. These estimates shall be incorporated into an overall
probability distribution of cumulative release to the extent
practicable.

Releases are evaluated within boundaries determined by several
definitions. Accessible environment is defined in the Standard (§191.12(k))
as: "(1l) The atmosphere; (2) land surfaces; (3) surface waters; (4) oceans;
and (5) all of the lithosphere that is beyond the controlled area." The
controlled area is defined in the Standard (§191.12(g)) as:

(1) A surface location, to be identified by passive institutional
controls, that encompasses no more than 100 square kilometers and
extends horizontally no more than five kilometers in any direction

1-5
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1. Introduction

from the outer boundary of the original location of the
radioactive wastes in a disposal system; and (2) the subsurface
underlying such a surface location.

The accessible environment and controlled area are shown in
Figure 1-4.

The Assurance Requirements (§191.14) state, in part, that:

Disposal sites shall be designated by the most permanent markers,
records, and other passive institutional controls practicable to
indicate the dangers of the wastes and their location.

The term “disposal site" (as here quoted from Subpart B of the Standard) is
interpreted to mean the controlled area. 1In the WIPP Land Withdrawal Act
(WIPP LWA) (Public Law 102-579, approved October 30, 1992), Congress withdrew
16 square miles of land "...from all forms of entry, appropriation, and
disposal under the public land laws..."; transferred jurisdiction from the
Secretary of the Department of the Interior to the Secxetary of the
Department of Energy; and stated that "Such lands are reserved for the use of
the Secretary [of the Department of Energy] for the construction,
experimentation, operation, repair and maintenance, disposal, shutdown,
monitoring, decommissioning, and other authorized activities associated with
the purposes of WIPP..." The land withdrawal boundary is shown in Figure
1-4. Performance assessment calculations currently use the land withdrawal
boundary to assess compliance with the 10,000-year release limits.

The Standard defines passive institutional control in §191.12(e) as:

(1) Permanent markers placed at a disposal site, (2) public
records and archives, (3) government ownership and regulations
regarding land or resource use, and (4) other methods of
preserving knowledge about the location, design, and contents of a
disposal system.

As explained in the Supplementary Information to the Standard, the
Assurance Requirements are included in order to address the fact that there
are many uncertainties in the analysis of releases to the accessible
environment over the 10,000 years of regulatory concern. The requirement for
additional measures to improve the operation of a repository is a means to
address these uncertainties.

The second context for the use of markers follows from the previous
requirement (§191.14), Given the fact that markers must be used for a
nuclear waste repository, EPA’s Guidance to the Standard allows credit to be
taken for the impact of markers in reducing the probability of inadvertent
human intrusion (although it can never be assumed to be zero):

1-6




1.1 Regulatory Requirements for Markers

Not to Scale

Repository/
Shaft System

S - -

40 CFR 191
Accessible Environment

TRI-6330-7-12

Figure 1-4.  Artist's concept of the WIPP disposal system showing the controlled area and accessible
environment for 40 CFR 191, Subpart B, and the repository/shaft system. The
repository /shaft system scale is exaggerated. On the land surface, the land-withdrawal

boundary is shown at the same scale as the maximum extent of the controlled area
(modified from Bertram-Howery and Hunter, 1989).
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1. Introduction

The Agency assumes that, as long as such passive institutional
controls endure and are understood, they: (1) can be effective in
deterring systematic or persistent exploitation of these disposal
sites; and (2) can reduce the likelihood of inadvertent,
intermittent human intrusion to a degree to be determined by the
implementing agency. However, the Agency believes that passive
institutional controls can never be assumed to eliminate the
chance of inadvertent and intermittent human intrusion into these
disposal sites (EPA, 1985, p. 38088c).

Wherever human intrusion is mentioned in the Standard and in the
Supplementary Information to the Standard, the references are to inadvertent
human intrusion. Statements such as the following suggest that the
requirement for passive, institutional controls is to protect against
inadvertent human intrusion:

The most speculative potential disruptions of a mined geologic
repository are those associated with inadvertent human intrusion.
...The Agency believes that the most productive consideration of
inadvertent human intrusion concerns those realistic possibilities
that may be usefully mitigated by repository design, site
selection, or use of passive controls (although passive
institutional controls should not be assumed to completely rule
out the possibility of intrusion). Therefore, inadvertent and
intermittent intrusion by exploratory drilling for resources
(other than provided by the disposal system itself) can be the
most severe intrusion scenario assumed by the implementing
agencies (EPA, 1985, p. 38088c¢-38089%a).

The following statement suggests that once the warning message has been
correctly communicated, a potential intruder will cease activity in the area:

Furthermore, the implementing agencies can assume that passive
institutional controls or the intruders’ own exploratory
procedures are adequate for the intruders to soon detect, or be
warned of, the incompatibility of the area with their activities
(EPA, 1985, p. 38089a,b).

1.2 Background

1.2.1 Future Societies

The effort undertaken by the Performance Assessment (PA) Department at
SNL to design markers for the WIPP builds upon the work of an earlier effort
that identified the range of possible future societies that may occur in the
vicinity of the WIPP during the next 10,000 years (Hora et al., 1991). The
possible modes of humans intruding into a repository, specifically, the WIPP,

1-8




1.2 Background

and the probabilities of such intrusions were considered in this earlier
study,

Before one can communicate with future societies about the location and
dangers of the wastes, it is important to consider with whom one is trying to

communicate. The question of future societies was addressed using a
multidisciplinary panel of experts in fields deemed pertinent. This group
was called the Futures Panel, and included individuals with backgrounds in
history, future studies, economics, law, physics, sociology, geography,
engineering, political science, risk analysis, agriculture, climatology,
history, and demographics.

The panel was organized into four teams, and each team was given the same
charge in order to facilitate a focused but diverse set of responses. The
teams were named based on the predominant geographical location of the
members: Boston Team, Southwest Team, Washington A Team, and Washington B
Team. In addition to the panel members being given a specific task, they
were trained in providing judgments in a numerical fashion and provided with
background information about the WIPP Project (Weart et al., 1991).

Each team of the Futures Panel analyzed the question of future societies
differently. The reports describing the analysis of the problem, prepared by
each team, were reproduced in Hora et al. (1991). Hora et al. (1991) also
provide a full discussion of the possible future societies, modes of
intrusions, and probabilities of intrusions elicited from the teams. The
material in the individual team reports expanded the view of what future
societies might be like. Not all of the modes of intrusion considered by the
teams would be inadvertent. The focus of marking the WIPP is to communicate
what is buried in the repository and the possible consequences of intruding
into the repository. The applicable regulation (discussed in the previous
section) states that it is most important to communicate to protect against
inadvertent human intrusion and states the assumption that once a potential
intruder realizes the location and dangers of the waste buried in the
repository, such activity will cease. Some of the modes of intrusion
postulated by the Futures Panel are beyond what is currently required by the
applicable regulations for analysis of the future performance of the WIPP.

The Boston Team developed several underlying factors that were believed
to impact future societal activities and possible modes and frequencies of
intrusion. Certain time periods after the end of the expected 100 years of
active institutional control after closure (100-300 years, 300-3,000 years,
or 3,000-10,000 years after closure) and possible levels of technology
(lower, similar to today, or higher) were considered to impact all of the
possible modes of intrusion. Knowledge of the past, the wvalue of the
materials, the level of industrial activity, and population density are the

1-9




1. Introduction

other factors that are important in influencing human actions and the extent
of human intrusion. The possible modes of intrusion developed by the Boston
Team are resource exploration and extraction, reopening the WIPP for
additional storage, waste disposal by injection wells, archaeological
exploration, explosive testing, and water impoundment. After the first 300
years after closure, the Boston Team did not believe that boreholes would be
drilled in the WIPP area for resource exploration and extraction because of
total removal and/or the use of nonpetroleum energy sources.

The Southwest Team based its outlook on the possible intrusion into the
WIPP by future societies in political control of the area around the WIPP
(the United States of America or another political entity) and the
technological development pattern (steady increase from today’s level, steady
decline from today'’s level, or a fluctuating seesaw pattern). Possible modes
of intrusion associated with a steady increase in the level of technology are
deep strip mining and exotic mining techniques that could develop in the
future. Conventional drilling and excavation activities were associated with
a steady decline in the level of technology or a seesaw situation. The
Southwest Team did not make a distinction in their analysis for time periods,
stating that society could cycle through the three technological development
patterns throughout the 10,000 years.

The Washington A Team examined conditions today in terms of technology
level and both energy and other natural-resource use and developed possible
futures by extrapolating these factors. The possible futures thus developed
are continuity (a continuation of current trends), radical increase (large
growth in the use of resources), discontinuity (fluctuations in levels of
technology and resource use), and steady state (emphasizing renewable
resources and compatibility with the earth). Time was another factor with
both the period of 0-200 years and 200-10,000 years after closure of the WIPP
being considered. Exploration for and development of resources were
considered the most likely modes of intrusion. Other modes included
construction between cities of a deep tunnel that would intersect the WIPP,
water impoundment, development of well fields, and explosions.

The Washington B Team based its examination of possible future societies
and modes of intrusion on the underlying factors of the level of wealth and
technology, government control (prudent and effective in controlling the area
of the WIPP, or not), climate (relating to water supply development), and the
price of resources (more than doubling current levels, or not). The
Washington B Team considered the two time periods of 0-200 years and
200-10,000 years after closure of the WIPP, as the near and far futures,
respectively. The activities future societies might be undertaking that were
believed to be able to cause intrusion of the repository were resource
exploration and extraction, development of water wells, scientific

1-10




1.2 Background

investigations, and weather modification. The far future for resource
exploration and extraction only extends from 200-500 years after closure.
After that time, all the oil and gas would have been removed and/or society
would no longer be on a petroleum-based economy.

1.2.2 Marker Development

The Markers Panel was charged with developing design guidelines for
markers to be placed at the WIPP and with developing preliminary forms of
messages and formats to communicate the location and dangers of the wastes
buried there, for the regulatory period of 10,000 years. The charge was to
consider both individual components and an entire marker system. After a
marker-system design was developed based on the guidelines, the panelists
were asked to estimate the probability over time that the marker system would

continue to exist and that the messages would be interpretable. The
estimation of probabilities (function of time, technology, and mode of
intrusion) is discussed in Chapter 5.

The nature of the design-criteria problem imposed a number of constraints
on the work of the Markers Panel. The Futures Panel input suggested that
societies quite different from our own may be controlling and inhabiting the
area of the WIPP. The markers must be developed to communicate with people
whose culture may not be directly descended from our own. This possible
cultural change is in addition to the changes in language that normally occur
over time, even when societies are in continuous contact. Secondly, the
period of regulatory concern (10,000 years) requires that the marker
materials, construction techniques, and placement be able to withstand the
forces of nature and the tendency of human beings to vandalize structures or
to remove pieces. Thirdly, the markers must be able to convey complex
information, not just about wastes hidden from wview, but also about the
hazards of radioactivity as a function of time.

The Markers Panel addressed the complexities of the task by relying on
the strengths of a multidisciplinary panel. The individuals on the panel
represent disciplines pertinent to addressing the materials and
communications aspects of the marker issue. Thus, geomorphology, materials
science, and engineering were included to address the issues of markers
withstanding natural and human-induced degradation and destructive forces.
Design and architecture addressed the design and placement of structures.
Archaeology provided information about the materials and structural
configurations that historically have been successful in remaining intact
over long periods of time. Through the study of human social and cultural
development, anthropology brought to the marker effort the understanding of
how humans process information and communicate. Linguistics was important to
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the development of the messages in view of how languages and meanings have
evolved through time and the necessity of using linguistic messages that can
easily be decoded. Semiotics addressed communication not only with
languages, but with signs and symbols. Previous efforts to think broadly
about communication in terms of using radio signals or sending a satellite
into space to communicate over long time periods with unknown beings led to
the selection of individuals from the astronomy and communications
disciplines for the Panel. The broad educational backgrounds and work
experience of the panelists (related to the various technical aspects of this
question) meant that there was broad discussion and cooperation (people not
limited to their own specific field) in the development of the design
criteria.

1.3 Purposes of the Study

This study had two purposes, one qualitative and one quantitative. These
purposes were instituted in response to the requirements and guidance of the
Standard. The qualitative purpose was developing design guidelines for
markers and messages to communicate with future societies about the location
and danger of the buried wastes at the WIPP. Such information is intended to
deter inadvertent human intrusion. The results of the Markers Panel will be
considered in developing the final design and in constructing the markers.
The quantitative purpose was to estimate the efficacy of the markers in
surviving the required time period and in communicating the intended
messages. Other passive institutional controls (such as a records system or
a protective barrier system) need to be developed and could also be effective
in deterring inadvertent human intrusion. Consideration of other passive
controls and their effectiveness in deterring intrusion was beyond the scope
of this task.
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2.1 Using Expert Judgment

The methodology employed in this study to obtain quantitative evaluations
of the proposed marker systems performance is referred to as expert-judgment
analysis (Bonano et al., 1990). For some aspects of performance assessment
for radioactive waste repositories, it is not possible to build models,
conduct experiments, or make observations to resolve uncertainties. While
certain aspects of marker design such as material decay and symbol
recognition can be studied for short periods of time, it is not possible to
assess the performance of such a system entirely using these traditional data
sources. When unresolvable uncertainties do exist, expert judgments are
often used to quantify the uncertainties and to express both the known and
the unknown.

The formalization of expert-judgment elicitation for nuclear waste

repositories is described in Bonano et al. (1990). Expert judgment is
pervasive in complex analyses. Judgments about the selection of models,
experimental conditions, and data sources must be made. The choice 1is not

whether expert judgment will be used; instead, the choice is whether it will
be collected and used in a disciplined, explicit manner or utilized
implicitly where its role in the analysis is not obvious.

Precursor studies have provided a structure for the collection of expert
judgment. These studies include, among others, the Electric Power Research
Institute (EPRI, 1986) study of seismicity in the eastern United States, the
NUREG-1150 study (U.S. NRC, 1990), and the recently completed study of
futures of society (Hora et al., 1991). These studies provide models for the
collection of expert judgments. These models are designed to avoid the
pitfalls that interfere with the collection process.

A formal expert-judgment process should consist of several well-defined
activities. Such activities include creating issue statements for the
experts to respond to, selecting experts and training them in probability
assessment, eliciting probabilities and other information, and processing and
presenting findings.

While the NUREG-1150 study was most central in the design of this current
effort, there are substantial differences between them that are important to
note., The goal of the expert-judgment process in NUREG-1150 was to provide
uncertainty distributions for parameters and to judge the likelihood of
specific phenomena. The uncertain quantities were relatively well defined.
In the present study of marker systems, the issues are less well defined, and
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the experts are required to employ substantial creative effort in devising
marker systems and evaluating theilr potential performance.

Several organizational forms for experts in an elicitation process have
been described (Bonano et al., 1990). One form is the organization of
experts into teams. A team structure is useful when disparate disciplines
need to be used on a given problem. An added benefit of using teams is
enhanced communication among the experts. In contrast, when experts from
different disciplines work on separate, but connected, parts of the same
problem, coordination and communication among the experts must be explicitly
provided.

Through the work that was done with the Futures Panel and the Markers
Panel, PA has developed its own procedure for the use of expert judgment.
This procedure is documented by Rechard et al., 1992.

2.2 Expert-Judgment Panel

2.2.1 Decision to Use an Expert-Judgment Panel

The decision to use the expert judgment process to develop information on
markers was based both on the importance of the topic and the "lack of
alternate sources of this information. Human intrusion appears to be the
only credible means by which radionuclides may reach the accessible
environment (Marietta et al., 1989; Guzowski, 1990). Deterring human
intrusion through the use of markers could significantly enhance confidence
in compliance with the Standard. The handling of such a sensitive topic must
be done in an open and documented format allowing input from individuals
outside of the WIPP Project. In addition, the design of markers is
interdisciplinary and must utilize input from many disciplines. Further,
estimation of the efficacy of markers in deterring human intrusion cannot be
done any other way than through expert judgment--experiments cannot provide
this type of information.

2.2.2 Development of the Issue Statement

The development of the issue statement is the first step in the process
of conducting an expert judgment panel. Development of the issue statement
is important mnot only to clearly define the issue to be addressed by the
panel, but also as a means of identifying the disciplines that need to be
represented on the panel.
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The issue statement for the Markers Panel is found in Appendix A. It
requires judgments for both marker and message design characteristics and
estimates of performance of the marker system. Performance of the markers
was to be estimated for both the "physical" longevity of the markers and the
ability of the markers to convey the correct message to deter inadvertent
human intrusion. Marker-design characteristics include a general description
of the marker system, as well as a physical description of each marker
component within the marker system, including size, location, shape, and
materials. Also, the teams were asked to describe the messages upon ox
within the markers and the method(s) of conveying the messages. For
performance of the system of markers, the teams were asked to assess the
extent to which the marker system they designed would survive, be correctly
interpreted, and evoke the correct response over the 10,000 year period of
regulatory concern. The estimates of performance were requested for the
individual marker components as well as for the entire system.

The issue statement in Appendix A is the version provided to the Markers
Panel. This issue statement was changed once the Markers Panel began their
work. Such modifications are not inappropriate if the experts believe that
certain questions cannot be answered or the problem should be examined
another way. As a result of the emphasis on inadvertent human intrusion, as
discussed in Chapter 1, the panel members did not provide probabilities that
the correctly interpreted messages would be heeded (i.e., probabilities were
not provided for question 6). Team A stated that

The regulatory requirement is to deter inadvertent human intrusion, and
thus we feel that if the message is understood, our job is completed.
Any action that takes place after the message is understood is advertent
and intentional.

Team B stated that

We cannot guarantee that any simple or complex message, even when
recognized and correctly interpreted, will deter a human being from
inappropriate action.... Nevertheless, carefully designed warnings could
be expected to reduce the chances of inadvertent intrusion into the WIPP.
Moreover, an intrusion would not be casual, but would be a planned event.
As such, there would be a greater likelihood to consider cautionary data.

A further change was made to the issue statement. Both teams stated that
they had developed system designs and that it was inappropriate to consider
the effectiveness of individual marker components.
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2.2.3 Selection of Experts

Marker design depends upon the expertise of many disciplines, so a
multidisciplinary team approach was needed. The disciplines expected to be
important included anthropology, archaeology, architecture, astronomy,
communications, design, engineering, geology/geophysics, modern languages,
linguistics, materials science, psychology, semiotics, and sociology. In
addition, parallel teams were to be established to elicit diversity in the
responses.. Because the teams were to be composed of scientists and scholars
from many disciplines, the pool of candidates needed to be sufficiently
broad. An established nomination process was employed to achieve this.

2.2.3.1 NOMINATION PROCESS

The selection of experts begins with the identification of persons
believed sufficiently knowledgeable in the disciplines identified by SNL
staff as being pertinent to the project to nominate experts. The nominators
were identified through contacts with professional organizations, such as the
American Institute of Professional Geologists, the Linguistic Society of
America, and the American Anthropological Association. Governmental
organizations such as the U.S. Soil Conservation Service and the National
Climatic Data Center were also contacted, as were public interest
organizations such as the League of Women Voters. Simultaneously, literature
searches were performed in the publications of the above listed disciplines.
From these literature searches, prominent authors were identified and
contacted. The editors of professional journals were also contacted
concerning nominations.

An initial contact was usually made by telephone to explain the project
to the potential nominator. This contact was used to determine whether the
potential nominator would be able to provide nominations and to assist in
obtaining the cooperation of other people in the project.

The identification of nominators and the initial contacts took place
between June 13 and July 13, 1990. By July 24, 1990, a formal request for
nominations (Appendix B) had been sent to all nominators who .had agreed to

contribute. This letter outlined the tasks to be accomplished by the
experts, provided a tentative schedule, and included a description of the
criteria to be used for selection of experts. The letter invited self-

nomination if the nominator deemed this to be appropriate.

During the following week, additional letters were sent to those

nominators who had not responded to the request for nominations. Several
potential nominators, who were thought to be sufficiently knowledgeable or
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their responses considered to be highly desirable but could not be contacted
verbally, were also sent letters. The parties to whom these letters were
addressed are shown in Appendix C.

From this effort, a total of 92 nominations were obtained by August 8,
1990. By August 14, 1990, a letter was sent to each of the nominees
(Appendix D). This letter outlined the tasks to be accomplished and firm
dates for the two meetings to be held in Albuquerque. The nominees, if
interested and able to participate in the project, were asked to send a
letter describing their interests and any special qualifications relevant to
the WIPP marker-development study. A curriculum vitae was also requested
from each nominee. Letters of interest and curriculum vitae were received

from 57 nominees by noon of August 20, 1990. After that time, no further
responses were considered.

2.2.3.2 SELECTION ADVISORY COMMITTEE

The selection advisory committee assisted the PA Department by evaluating
the interest letter and the curriculum vitae from all of the nominees in
light of the selection criteria and by making recommendations for the
membership of the Markers Panel as well as several alternates. The selection
advisory committee was composed of three university professors with some
knowledge of the WIPP Project and the expert judgment process: Dr. G. Ross
Heath of the University of Washington (oceanography), Dr. Douglas G. Brookins
of the University of New Mexico (geology), and Dr. Detlof von Winterfeldt of
the University of Southern California (decision analysis). Dr. Heath is also
the chair of the WIPP Performance Assessment Peer Review Panel, which gave
him special insights into- the project-related goals of the WIPP PA Project
and the regulatory framework of the Project.

The members of the selection committee were provided with copies of the
above information several days prior to the meeting during which the final
recommendations were made. The recommendations of the selection advisory
committee were followed in establishing the Markers Panel.

Criteria for the selection of experts were drafted for use by the
selection advisory committee. These criteria were similar to the criteria
that were distributed to the nominators and nominees but also included
criteria related to the balance of disciplines and geographic location of the
teams. The criteria are included in this report as Appendix E.
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2.2.3.3 SELECTION OF PANEL

The selection advisory committee recommended members for two teams within
the Markers Panel, and these recommendations were accepted in establishing
the Markers Panel. The Markers Panel consisted of one team of six members
and one team of seven members. Two teams with parallel missions provided a
focused but diverse set of responses. The size of the teams was dictated, in
part, on the necessity of representing the pertinent disciplines. Table 2-1
lists the members of the Markers Panel, their affiliations, and their
discipline(s).

2.2.4 Panel Deliberations

The Markers Panel first met as a group November 4-6, 1991, in
Albuquerque, New Mexico. The first meeting included presentations regarding
the WIPP Project, the Standard, WIPP performance assessment, and the issue
statement (the specific questions the teams were asked to address), as well
as long-term climate variability at the WIPP, and the geologic and hydrologic
characteristics of the WIPP region as they relate to marker development. At
this meeting, the panel members also received an introduction to the expert
judgment process and training in the process of expert judgment elicitation.
On November 5, the Markers Panel toured the WIPP surface facilities,
underground facilities, and surrounding area. Originally, the Markers Panel
was scheduled to convene in October 1990, to coincide with the meeting at
which the Futures Panel discussed their results, The convening of the
Markers Panel was postponed for one year because of budgetary constraints.
In order to make the comnection between the work of the Futures and Markers
Panels, each member of the Markers Panel was provided with the reports
prepared by the four Futures Panel teams and text of the background
information provided to the Futures Panel. 1In addition, one person from each
of the four Futures Panel teams attended the November meeting to discuss
their team’s results and to answer questions.

The Markers Panel was also provided with literature related both to the
WIPP Project and human intrusion, as well as other efforts to address
deterring human intrusion into nuclear waste repositories.

After the first meeting when the members of the two teams began
developing a strategy for addressing the issue statement, each team met
separately for working sessions. (Team A met December 5-6, 1991, in Buffalo,
New York, and Team B met December 14-16, 1991, in Kona, Hawaii.)

The two Markers Panel teams presented their results and draft reports to
SNL staff, federal and state agency representatives, Nuclear Energy Agency
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(NEA) Human Intrusion Working Group observers, and several members of the

press January 13-14, 1992, in Albuquerque, New Mexico.

Table 2-1. Marker Development Panel

Team/Names Organization(s) Discipline(s)
A
Ast, Dieter Cornell University Materials Science
Brill, Michael Buffalo Organization for Architecture,

Goodenough, Ward

Kaplan, Maureen

Newmeyer, Frederick

Sullivan, Woodruff

B
Baker, Victor

Drake, Frank

Finney, Ben

Givens, David

Lomberg, Jon

Narens, Louis

Williams, Wendell

Social and Technological
Innovation

University of Pennsylvania

Eastern Research Group

University of Washington

University of Washington

University of Arizona

University of California
at Santa Cruz

University of Hawaii at
Manoa

American Anthropological
Association

Consultant

University of California
at Irvine

Case Western Reserve
University

Environmental Design
Anthropology,
Linguistics

Archaeclogy,
Environmental Engineering

Linguistics

Astronomy,
Communications

Geomorphology
Astronomy
Communications
Anthropology
Anthropology

Scientific llfustration

Semiotics

Materials Science
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3. RECOMMENDED DESIGN CHARACTERISTICS

Team A and Team B of the Markers Panel were both given the same issue
statement (the same set of questions) to address during their deliberationms.
The issue statement contained a number of requirements and constraints within
which the Panel needed to work. The time frame for the Panel to consider
must be 10,000 years because of the requirement that performance assessments

cover a time period of 10,000 years after closure of the disposal facility
(Containment Requirements). The second requirement was that the markers must
be developed with a goal of being able to convey information to any future
society (considering the broad spectrum of possible future societies
developed by the Futures Panel [Hora et al., 1991]). The third requirement
was to communicate the dangers associated with the waste buried at the WIPP.

A compatison of the two sets of marker design characteristics highlights
the aspects of marker design where the two teams are in agreement. A
comparison of the approaches also allows one to see the diversity in the
responses and highlights those competing approaches to markers that need to
be investigated further.

The reader is directed to Appendices F and G for the Team A and Team B
reports, respectively. The reports are reproduced as received by the project
coordinator except for (1) correcting typographical errors, (2) editing for
internal format consistency, (3) renumbering, repositioning, and captioning
figures, (4) updating the tables of contents to be in line with the previous
changes, and (5) changing the text in accordance with answers to a number of
questions that were addressed to the individual teams about their reports as
written. The members of the Markers Panel reviewed a draft copy of this
report and the updated versions of Appendices F and G, and responded to the
questions provided. The Team A report contains a number of marker
alternatives that were considered and rejected by the team and are included
in order to show the range of the thought process. The Team A final
recommendation is for the use of the "Menacing Earthworks" along with the
other components discussed below and in their report. The Team B report is a
discussion of their recommended marker system.

This report uses a number of terms that need to be clarified. A marker
system is the entire set of physical structures (whatever their form or
composition) emplaced to communicate to future societies about the wastes
buried in the repository. If earthen berms and buried message disks are used
to mark a repository, their combination would constitute a system. The
earthen berms and the message disks each would be considered components of
the marker system. Each individual message disk would be a marker element.
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3.1 TeamA
3.1.1 Basic Premises

Team A listed their goal in communication as the simultaneous fulfillment
of three objectives: (1) to provide a gestalt message (the whole message is
greater than the sum of the parts/components), (2) to use a systems approach,
and (3) to incorporate redundancy in the markers.

For the gestalt message, the purpose is to convey a message not just with
words and pictures, but through the very vehicles of conveying the messages,
and the messages themselves. That is, the marker materials, their
construction, and their arrangement are such that future generations coming
upon the markers will understand the message that this place is not one where
people would want to spend a lot of time. With the gestalt message, the
emphasis is on communicating through the entire marker system.

The systems approach to designing and constructing markers 1s that the
various marker components are linked to each other and supplement the
information (or fill in any gaps) from other marker components. Messages are
provided in different levels of complexity, in different formats, and convey
different aspects of the entire message.

The redundancy within the marker components provides enough individual
markers of any one type (material or message or arrangement) so that if some
are vandalized or degraded over time, there are sufficient numbers remaining
to communicate the required message. The size and construction of the
markers can also provide redundancy in that the form of the communication is
overdone so that it can still communicate after degradation or defacement.
With earthen berms (discussed later in this. section), the size called for
would allow the marker to withstand considerable erosion and still remain

recognizable as a human construction marking an area.

3.1.2 Assumptions/Bases

Team A made the following assumptions that impacted their marker designs
and their recommendations for future studies. While wvarious civilizations
have developed and declined over time, history has shown that since literacy
first developed 6000 years ago, it has not ceased to exist (Appendix F,
Section 1.2). Team A assumed that scholarship capable of translating the
messages on the markers will continue to exist somewhere in the world during
the time period being considered. This resulted in a major emphasis on
written language, and the redundancy of the written languages to aid in
decipherment.
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Team A assumed that, based on past history, political boundaries are
impermanent, and so included the importance of an international effort that
would maintain knowledge of the location of all nuclear waste disposal sites.

The evolution of existing cultures and the creation of new ones over the
next 10,000 years cannot be known. Thus, a marking system and the messages
must be cross-cultural to the extent possible. The marking system must be
rooted in basic human concepts and understanding.

3.1.3 Message Levels and Media

Team A recommended the use of five levels of messages in the overall
marker system. These five levels are a modification of the following four
levels defined by Givens (1982; also see Appendix F, p. F-34), who is also a
member of Team B:

Level I: Rudimentary Information: "Something manmade is here,"

Level II: Cautionary Information: "Something manmade is here and
it is dangerous,"”

Level III: Basic Information: Tells what, why, when, where, who,
and how (in terms of information relay, not how the site was
constructed), and

Level IV: Complex Information: Highly detailed, written records,
tables, figures, graphs, maps, and diagrams.

With the gestalt message, the marker system itself would be able to
communicate both Level I and Level II information. Team A created a new
Level IV with the level of complexity of information to be between those of
the Level III and Level IV messages defined by Givens (1982). The most
complex information, Level V, would be the “complete rulemaking record" and
would be stored in archives.

In an effort to achieve the three objectives in Section 3.1.1, the team
set out to be as unambiguous as possible in how the warning messages were
conveyed. This led to a greater reliance on communicating through a sense of
place, through written languages and scientific symbols for the specific
information, and through the use of the human face with expressions.

Communicating through a sense of place is based on the concept of human
archetypes--that all human beings react similarly to particular physical

3-3



3. Recommended Design Characteristics

environments. The team believed that creating an environment that
communicated to humans today that the area around the markers was not a
welcoming one, would also communicate the same message to future human
beings, at least within the time frame required in the Standard.

Language was seen as an unambiguous means of communicating specific
information about the repository, as were scientific media such as the
periodic table of the elements and star charts. The recommended languages
are those of the United Nations (Arabic, English, Spanish, French, Russian,
and Chinese) and that of the largest group of Native Americans in the area
(Navajo). Space should also be left on the markers for a future society to
add a language to the markers. The periodic table of the elements is
distinctive in shape and should bé recognizable. Drawing on humans'
traditional observation of the stars, a chart could be developed to show the
positions of the stars when the WIPP was closed and after 10,000 years.

Human facial expressions were seen as unambiguous because humans use the
same expressions to convey particular feelings, independent of culture.
There is less emphasis on what were perceived as potentially ambiguous
pictographs. Team members thought that while human figures and animals would
be recognized in the future, the intent of the messages might be lost. For
example, one can recognize people and animals in ancient cave drawings but
not know what the artists were trying to communicate about them.

3.1.4 Marker System Components

The individual components that comprise the marker system developed by
Team A vary with regard to size, materials, specific message and audience,
and location. The system can best be explained by discussing it in the
sequence of marker components that would be encountered as someone approached
the outside and moved to the center. Team A has stated that certain specific
aspects of the design require testing before being finalized.

The area over the waste panels (and a buffer area to account for
migration of the radioactive materials) would be outlined by earthen berms
(Appendix F, Figs. 4.3-8 and 4.3-9). These berms would be jagged in shape
and would radiate out from, but not cover, a central, generally square area.
The number of berms is sufficient to delineate a central area or "keep" even
if some are destroyed. The four corner berms would be higher and provide a
“"vantage point" to see the area as a whole. The jagged nature of the berms
is meant to convey a sense of foreboding (not honorific or pleasant). The
exact size, shape, and configuration of the berms would be such that they
would not quickly be eroded or covered. The earthworks are meant to convey a
Level I message.
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Within the "keep" would be multiple "message kiosks" (Appendix F,
Fig. 4.3-18) containing Level II messages in approximately seven languages
(those of the United Nations plus a local indigenous language), as well as
Level III messages in several of the languages plus a local indigenous
language. Space will be left on the kiosk for a future generation to
inscribe the message in another language. The construction of the kiosk will
include a concrete "mother" wall that will be built to curve around and
protect an inmer granite wall containing the actual messages. Messages will
be placed high up on the wall so as not to be buried by blowing sand and to
make it more difficult for individuals to deface them.

The Level IV information, the most complex at the site, will be contained
in concrete rooms (Appendix F, Fig. 4.3-17). One such room will be buried in
each of the four corner berms, allowing them to be exposed as the berms
erode. The rooms will be constructed to allow access but to prevent the
removal of informational materials. The "sliding stone entry plug" will
protect an opening large enough for a human to enter and leave, but too small
to allow removal of an intact stone slab containing the information. Level
IV information will be located on stone slabs on the interior walls. Two
additional layers of stone slabs with the same messages will be located
behind the original layer in case the original wall is damaged or destroyed.
In addition, each Level IV room will contain other types of information such
a periodic table of the elements to indicate what is buried at depth, and an
astronomical calendar to indicate at what point in the past the wastes were
buried.

From the top of the earthworks, one would be able to see a world map
showing other disposal sites (Appendix F, Fig. 4.3-16), as well as part of
the original buildings left as a message center ("left to decay"). The
location of the WIPP on the world map will be indicated by a marker that will
also sit atop a Level IV room beneath the map.

3.1.5 Other Design Requirements

Team A made a number of recommendations about the design and construction
of markers to increase the probability that they will remain recognizable far
into the future. Irregularly shaped "blocks" to be used for construction
(e.g., message rooms) would make recycling of the blocks for the construction
of other structures more difficult. The individual marker elements (e.g.,
message kiosks) should be large enough to make them difficult to carry off to
a future museum, Materials for the construction of the marker elements
(message kiosks, message chambers, world map) should have the lowest
intrinsic value feasible so that their materials are not worth removing and
recycling.
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3.2 TeamB
3.2.1 Basic Premises

Team B developed a list of 10 items that guided their work in developing
a marker system. These items relate to the rationale and moral aspects, how
to mark, and future activities. Thelr design was guided by the need for
durability of markers and clarity of messages. The team report addresses
markers by examining possible alternatives in terms of persistence of
markers, recognition of markers and messages, interpretation of the messages,
and deterrence of human intrusion. A discussion of each of the 10 items
follows.

(1) Two of the four teams that comprised the Futures Panel (Hora et al.,
1991) recommended to the Markers Panel that the site not be marked so as not
to draw curious visitors to the WIPP. Team B disagreed and stated that
because of current mining and petroleum production in the area, the site must
be marked to reduce the probability of inadvertent human intrusion.

(2) The marker strategy must not rely on one location for message
carriers, but should use both surface and buried markers. Surface markers
would be available for interpretation now and in the future. Buried markers
could become available to communicate in the future through possible erosion
if the surface markers have been removed, destroyed, or degraded through
natural processes. Buried markers could also reinforce the message of
surface markers during possible intrusion attempts. If humans begin to
intrude upon the site, buried markers (safe from vandals and certain natural
weathering processes) could communicate the dangers below. The buried
markers also reinforce the message if the surface markers are misinterpreted
or ignored.

(3) The messages must be truthful. All people have the right to know the

potential impacts of their actions. In addition, if future people discover
that part of a message is untrue, they may not believe any of the message.

(4) The outer extent of the marker system should be visible from the
center. This allows a visitor (if they are in the center of the marker
system) to cognitively assemble all the markers they are seeing as
delineating a coherent site or message about this particular location,

(5) The area to be marked should be that area above the waste panels.
Part of the reason for this delineation is found in (3). If a large area is
marked to communicate that one should not dig or drill here because of the
hazardous material buried below, and if future societies drill within the
designated area but outside the area of the panels and find nothing unusual,
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they may not believe the other messages. The second reason is found in (4).
It may be difficult to convey a sense of a coherent marker system that is
attempting to communicate over, for example, what is believed will be the
controlled area (16 square miles). People may not be able to relate a marker
at one point to something that is two miles away, because of the limits of
human perception.

(6) The highest probability of success in correctly communicating the
location and nature of the buried wastes is to repeat the message in a number
of ways so that if one message form is not completely understood, the message
in another form may f£fill in the gaps and reinforce it. The linguistic
material must use simple sentences so that future scholars will be more
readily able to translate it. The different modes of communication must
communicate with different societies having knowledge of or access to
different levels of technology. This duplication is necessary because we
cannot know what cultures will be like or what levels of technology will be
in existence at any future time. The team noted that the message from the
Futures Panel (Hora et al., 1991) was that the Markers Panel should make
recommendations for a wide variety of cultures and technologies.

(7) While current plans call for removing the existing buildings, parking
lots, roads, etc. and returning the area to its previous condition, Team B
recommended that part of the main building containing the "hot cell" should
be left in place for the benefit of future archaeologists--to study it and
understand what took place at the WIPP.

(8) Detailed information about the WIPP should be stored off-site, but
the details of what information should be stored and where and how it should
be stored, should be developed in the future, closer to the time when such a
record system would be implemented.

(9) The marking of nuclear-waste repositories should have an
international aspect in terms of a map at the site showing other disposal
sites around the world to ensure that all knowledge is not lost. This
marking may also include either the existing radiation trefoil symbol or a
symbol still to be developed.

(10) Testing of markers and messages must be undertaken between now and
the time of implementation. This will include testing both for durability
(materials and inscriptions) and cross-cultural understanding of the
messages.
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3. Recommended Design Characteristics

3.2.2 Assumptions/Bases

Team B was directed in their actions by the recommendations of the
Futures Panel. In developing markers, Team B believed that a systems
approach (many types of markers, messages, and communication modes) would be
the most useful in communicating under the unknown and varying circumstances
of what the Washington A Team of the Futures Panel called "radical
discontinuity." Under radical discontinuity, society would have gone through
considerable changes--political, social, and technological--that might impact
existing knowledge bases, languages, and institutional controls and memory.
Messagés would thus need to communicate to everyone regardless of their
culture, technology, or political structure, that not intruding upon the
repository was in their own best interest. A second assumption made by the
team was that political change will take place (i.e., resulting in the United
States of America not being in control of the area around the repository).
This assumption led Team B to be concerned with making the marking of
repositories an international effort. A third assumption made by Team B was
that vandalism will contiriue to be a tendency of some parts of human society.
Multiple marker elements of one component (i.e., the placement of many stone
monoliths in the marker system) will allow for the marker component to remain
and be able to be interpreted even 1if some of the individual elements are
destroyed or removed. ‘

3.2.3 Message Levels and Media

Team B recommended the presentation of messages in four levels based on
the work of Givens (1982; also see Appendix G, pp. G-17 and G-36):

Level TI: Rudimentary Information. The site 1itself and its

component parts would announce "Something made by humans is here."
The most important property of a Level-I sign is 1its own
existence. "Human made" would be suggested by the patterned
shape--the wunnatural syntax and negative entropy--of the
earthwork, rock structures and inscriptions.

level TI: Cautionary Information. Elementary linguistic scripts
and pictographic narratives would convey: "Warning, dangerous
materials are buried below."

Level TII: Basic Information. Level III messages, including
longer linguistic narratives, pictographic sequences, maps and
simple diagrams would explain basic what, why, when, where, who
and how information about the site.
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3.2 TeamB

Level IV: Complex Information. Highly detailed written records,
scientific data and diagrams would be available at the site in
inscriptions and buried "time capsules."

Team B has delineated the ways in which messages about the WIPP should be
conveyed to future societies. The first message medium is through written
language. The languages used for these messages would be the main written
languages in use today (such as English, Spanish, German, Russian, Japanese,
and Chinese), liturgical languages (such as Latin, Hebrew, and Arabic), and
the languages of the Native Americans in the area (such as Navajo, Hopi, and
Mescalero Apache). Language would be expected to communicate both the basic
and complex information about the WIPP. Scientific diagrams would be used to
communicate some of the more complex information about the elements buried at
the WIPP (the periodic table), the elapsed time since the WIPP was closed (a
diagram showing the 26,000-year precession of the stars in the sky), or the
stratigraphy of the area (a model that uses samples of materials from the
formations between the surface and the repository arranged in the proper
order and scale to indicate what would be encountered during a potential
intrusion). Pictographs would be used to communicate information about how
the WIPP was constructed, how far underground the waste is buried, the
activities that should not be undertaken in the area, and what might happen
if the waste is disturbed. Some sort of radioactive symbol might be used in
text and on the marker elements to make the connection between radioactivity
and what is buried in the repository.

3.2.4 Marker System Components

The marker-system components recommended by Team B will be discussed in
the sequence they would be encountered by a visitor 'approaching the area.
Team B believed that by the mere existence of a marker system and by
observing the effort that went into creating it, a future society would
realize that this was something important (markers are there for a purpose)
and worth saving. The largest, outermost component, the berms (earthworks),
are encountered first (Appendix G, Figs. 1 and 2). The berms define the
marked area above the waste panels, but do not completely cover the area
above the waste panels. If an international symbol has been developed by the
time the marker system is implemented, the berms could be in that shape. To
last for the 10,000-year period of regulatory concern, the berms must be
massive (to withstand human and natural forces), on the order of 30-ft-high,
constructed of local earth and caliche. The berms would be spiked with
materials with properties anomalous to the naturally occurring ones (e.g.,
"different dielectric, radar reflective, and magnetic properties") for
detection by aircraft or satellite equipment. Because the berms outline the
area above the waste panels, the hot cell of the WIPP buildings, which Team B
recommended be left in place, is located outside the berms.
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3. Recommended Design Characteristics

Within the outline of the berms, granite monoliths (specific number to be-
a power of two for easier reconstruction) would be erected in a circular
pattern. They would be large in size to withstand natural erosion and to
detexr the removal by humans. The monoliths themselves would be of two types:
taller, narrower ones (25-ft-high by 10-ft-wide) designed not to be buried by
blowing, accumulating sand; and shorter, wider ones (10-ft-high by 20-ft-
wide) "difficult to topple or decapitate." Even the accumulation of sand
around monoliths will still mark the area. The monoliths would be inscribed
on "protected surfaces" (physically protected from erosion by sand and/or
water) with warning messages in the languages discussed previously.
Inscribed monoliths also would be buried within the earthworks for future
discovery, and granite plugs would be placed in one or more of the shafts
originally leading to the repository level and in off-site archives. The
importance of placing markers in the shafts is based on the belief that
future societies would be able to determine where the shafts were located
because of anomalies in the materials and/or densities of the shaft
materials.

Also salted in the earthworks and in the area within the earthworks would
be "time capsules" (6-in. to 2-ft in diameter) buried deep enough not to be
discovered initially by souvenir hunters; the capsules would be placed to be
found by those beginning to intrude upon the site--e.g., by archaeologists
--or as the earthworks erode. These "time capsules" (clay, ceramics, glass,
or sintered é.lumina) would have information inscribed on the outside.
Samples of wood might be included to allow a future society to date the
marker activities through carbon-14 dating.

In the center of the marker system would be a granite structure (20-ft by
30-ft) containing the most complex information about the time of the
placement of the waste, location, and dangers of the waste. This information
(conveyed through the use of language, pictographs [Appendix G, Figs. 5
through 15], and diagrams) would be inscribed on protected, flat exposed
surfaces of the structure. Specific examples include a world map of all
known nuclear waste sites at the time of marker emplacement, the periodic
table of the elements indicating the radioactive elements contained in the
repository, and a diagram showing the precessional cycle of the earth in
relation to the time of burial and the time of the reading (Appendix G, Figs.
15 and 16).. In addition, models containing samples of the various layers of
materials that would be encountered while drilling through the material
overlying the waste "panels, including the relative location of the shafts and
waste panels, would be available both at the site and in other locations
(Appendix G, Fig. 4).
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4. PRINCIPLES OF MARKING

The purposes of marking a nuclear-waste disposal site are to inform
future generations of the site’s location and to warn of the hazards
associated with the nuclear waste buried at the location. To achieve these
purposes, certain principles should be followed in the design of the markers
and the development of the messages to maximize the time over .which the
markers will physically survive with the messages intact and to maximize the
interpretability of the messages in view of the potential variety of cultural
changes that can occur. The subject areas where these principles need to be
identified are architecture, linguistics, material properties, and message
levels, and were drawn from the design characteristics developed by Team A
and Team B. The goals and principles of each subject area are described in
this chapter. Table 4-1 is a summary of these design principles.

4.1 Architectural-Design Principles

The principles that need to be included in the design of markers depend
on the goals of the markers. These goals are the definition of an area that
future generations should avoid disturbing and the definition of this area
extending for as reasonably far into the future as possible given the
resource limitations of any disposal program.

A single monument defines a spot and is therefore not an adequate
approach to marking a disposal location. In order to define an area that
future generations should avoid, a single, large marker covering the area of
concern or a system of individual monuments or elements of a marker in a
pattern surrounding the area should be used. Either marker size, monument,
or marker-element pattern can convey to future generations that the structure
is not a natural feature. When using a system of marker elements, the sense
of an area can be conveyed by a design of structural continuity (e.g., other
parts of the marker system or component can be seen from any other location
or marker element). Continuity of design allows the recognition of patterns
in the marker component(s) or element(s) even with part of the component or
element removed, destroyed, or damaged.

To assure longevity, several principles should be used to guide the
design of the markers and/or monuments. The design should assure structural
stability and durability. Structural stability refers to the marker
component or element being able to withstand natural processes and events and
retain the original orientation and position. Examples of the types of
potential disruptions are winds associated with intense storms and seismic
ground motion caused by earthquakes. Stability can be enhanced by designing
the components and elements to be massive with low centers of gravity or to

4-1



4. Principles of Marking

Jajuad 0} 8pISINO WO} UOELLIOJU]
Jo sjans] Jaybiy s8unooua ApAaissalbiold

wAuojul 0} 48)U80 0} JorY
(1189 10y 8y} “6°9)
Sa)I{j1oB) 90BUNS ddIM dU3 jo yed -
S)eys pajeas ay} U] Sia)Jew auols e
sayis |esods)p Jeajonu Jayjo Jo dew ppuom .

(euiwune pasauls ‘ssejb ‘sojwesad
‘Aejo “Ha) sainsdeo abessow pajng «

uoljewoyul xa|dwod Jo} siaquieyo abessew «
(pequosuy) syyjouows e
swiiaq uaypes abie| «

wayshs Jaytew o0y sjuauodwios ajdpiniy

AJUO sjoued a1SEM 19A0 Bae YiBp\

g weoa ]

lsjuad

(12 10U INQ) p1eMO] BPISINO WO UOHELLIOJU]
JO s|ana] 1aybiy Jayunooua Apaissaibold
(a18u1 S} Buyiou,) 1ejuad Jo asuss oN

(199 10y 8y} “B°8)
Sal|o.} 80BUNS ddIM 8yl jo ped -

Atoysodaa ayy ul pue
SHBYS pPajess oyl U] SIoMJeW auols .

seyIs jesods|p Jeajonu Jayjo Jo dew PUoMm «

(sse|b ‘Aejo “B-a) sysip abessaw paung
uonewoul Xajdwo 10} siaquieyd abessaw .
(paqiosur) syyjouow
suwiaq uayues abie| -

wa)sAs Jaxuew o} sjusuodwod aidyniy

aouels|p uojeBbiw apjjonuoyper [euaiod o}
Ajqissod Jaynq sn|d sjaued 1aA0 eale Yiep

ubisa(g [einjoaiyoiy

v wes]

sjuauodwo) wajsAg Joxlepy ‘L ajqel

4-2



€%

Table 4-1. Marker System Components (continued)

Team A

Less emphasis on pictographs

Linquistics

Use human facial expressions (horror and sickness)

Use several languages
Greater reliance on sense of place
Reliance on language

Accurately convey the risk of intrusion
(not an attempt to scare)

Use low-value materials
+ local materials for berms

« "common" rock for monoliths
(e.g., granite)

5 levels of messages

Levels based on complexity of message

Material Properties

Messaqe Levels

Team B

Prominent role for pictographs

Use several languages
Purely functional area; not artistic
Reliance on language

Accurately convey the risk of intrusion
(not an attempt to scare)

Use low-value materials
« local materials for berms

« "common" rocks for monoliths
(e.g., granite)

4 levels of messages

Levels based on complexity of message
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Table 4-1. Marker System Components (concluded)

Team A

Other Message Media

Star map and celestial marker to indicate
time since closure

Placement near the surface of materials with
magnetic and electrical conductivity properties
anomalous to those of the naturally occurring
materials in the area

Periodic table of the elements

Aeolian structures

Models of the WIPP’s surface facilities,
stratigraphy, shafts, and waste panels

International radiation symbal used with
text and other media

Other Marking Components

Public information effort (current)

International standard for the basic design
features for long-term marking

Testing for the longevity of markers and
the interpretability of messages across
cultures

Off-site archives

Team B

Star map and celestial marker to indicate
time since closure

Placement near the surface of materials with
magnetic and electrical conductivity properties
anomalous to those of the naturally

occurring materials in the area

Periodic table of the elements and diagrams
of nuclear reactions

Models of the WIPP’s surface facilities,
stratigraphy, shafts, and waste panels

International bichazard symboal used with
text and other media

International standard for the basic design
features for long-term marking

Testing for the iongevity of markers and
the intepretability of messages across
cultures

Off-site archives (including duplicates of
markers)
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4.3 Material-Properties Principles

be physically anchored to the ground. Durability generally is dependent on
the material properties of the markers, although durability can be enhanced
by design. For example, aerodynamic design can be used to mitigate the
effects of wind-blown sand abrasion.

4.2 Linguistic Principles

The current structure of society undoubtedly will undexgo changes over
time, and these changes may be either gradual or abrupt, continuous oxr
discontinuous. Changes in society can include govermmental and economic
structures, cultural values, religion, language, and level of technology.
The linguistic goal of the marker system is to transmit a warning to future
societies about the hazards posed by the buried nuclear waste at a particular
disposal location regardless of these societal changes. Several principles
should be applied to the development of this warning.

Because languages evolve over time and can be replaced by "new"
languages, the warning message should be kept simple for each level of
societal development being targeted for contact. This simplicity should be
applied to the message itself (e.g., be direct and not misleading), the
content of the message (e.g., eliminate extraneous information), and the
grammatical structure within the message (e.g., avoid complex sentences and
colloquialisms).

Another principle to employ is redundancy. Different cultures may have
differing capabilities for interpreting messages and the format in which the
message 1is presented. To account for such differences in capability,
redundancy should be incorporated into the message through the use of
language, symbols, and graphics as deemed appropriate.

Even without major changes in interpretive abilities, cultural and
political changes may occur that can be countered through language
redundancy. For those portions of the message conveyed by language, the use
of more than one language may increase the likelihood that future societies
will understand the message.

4.3 Material-Properties Principles

The material properties of the markers are of critical importance to the
goal of marking a disposal location for an extended period of time. This
time period is a significant portion of the time period of regulatory concern
limited by the constraint of resource allocation within the overall program
relative to the hazard posed by the waste being disposed of. Under ideal
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conditions, the markers should be designed to survive for the entire time
period of regulatory concern. Material properties play a major role in
determining the physical survivability of the markers in the mnatural
environment. These properties also can affect the type and longevity of the
messages being transmitted over this time period.

Principles that determine the suitability of material properties of the
markers focus on the topics of durability, reactivity, and desirability.
Durability refers to the ability of a material to withstand both current and
projected climatic conditions. Weather-related processes include but are not
limited to wetting and drying, freezing and thawing, and thermal expansion
and contraction, along with wind-blown sand abrasion. Materials exposed to
these processes should not suffer significant degradation during extended
periods of exposure. Material properties also are important in resisting the
effects of both individual and societal vandalism.

The materials used for the markers should be nonreactive (inert) for the
time frame being considered, the environmental conditions expected, and
geologic setting at the disposal location. Reactivity refers to the chemical
interaction between two or more materials in contact with one another. The
reactivity concern is both between materials used to construct marker
elements and between the markers and the local geologic material upon which
the marker rests or is embedded or buried. With naturally occurring
materials, the chemistry may change as climatic conditions change. For
example, a wetter climate may result in changes in vegetative population,
which in turn affect the chemistry of soils being developed. Interaction
between the soils and the marker material could affect the longevity of the
marker.

Another factor that will play a major role in the longevity of the
markers is the desirability of the marker material(s) for use by future
societies. The material properties of the marker material(s) should be
selected to minimize the potential resource value for reprocessing or
recycling.

4.4 Message-Level Principles

As was the case for linguistics, future societal changes also are likely
to affect the type of message that can be interpreted. Scientifically and
technologically advanced societies may be more inquisitive than substantially
less developed societies and require more information to satisfy their
curiosity. For one type of society, a simple warning of danger may be
sufficient to deter intrusion, whereas another society may require an
explanation of why the area is dangerous before intrusion is deterred.
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4.4 Message-Level Principles

Because of the possible diversity of future societies and their differing
abilities to decipher messages and their differing incentives for heeding the
messages, more than one message level should be used to convey the warning
about a waste-disposal location. The contents of these messages should be
based on the principles of redundancy and complexity.

Redundancy assures that each message level conveys a similar warning
about the potential hazards of the location. Level of complexity targets
variously scientifically and technologically developed societies based on
their estimated ability to decipher a message. Whereas linguistic redundancy

repeats the same specific message at a particular level of complexity in

different languages, message-level redundancy repeats the same basic message
at different degrees of complexity. The number of message levels and the

degree of message complexity in each level depends on the spectrum of
development of future societies that are expected to pose an intrusion threat
to the disposal facility.
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5. PROBABILITY ELICITATION

The elicitation of probabilities of the efficacy of proposed marker
designs was accomplished in,formal sessions during which the experts were
assisted in representing their beliefs as probabilities. The sessions took
place in Albuquerque, New Mexico, January 13 and 14, 1992. The probability
elicitation sessions were held on the second day of a two day meeting.
During the first day, the teams made presentations of design characteristics
and discussed marker systems. This agenda allowed the sharing of information
and ideas between the expert teams.

On the second day of the meeting, each team worked with a normative
specialist, an individual familiar with decision analysis, to encode judgment
probabilities. Professor Ravinder (University of New Mexico) and Timothy
Wheeler (SNL, Dept. 6641) were the normative specialists for this study, for
Team B and Team A respectively, and worked under the direction of Professor
Stephen Hora (University of Hawaii). 1In each session, a member of the WIPP
Performance Assessment staff (Kathleen Trauth [6342] for Team A and Robert
Guzowski [Science Applications International Corporation] for Team B) was
present to assist by clarifying issues as required.

Members of the Nuclear Energy Agency Working Group on Human Intrusion,
who were meeting simultaneously in Albuquerque, attended both the first day's
presentations and the elicitation session for Team A.

The teams were asked to consider two questions: (1) durability of the
marker system and (2) interpretability of the marker system. The marker
system used as a basis for making judgments was the marker system presented
the day before by the respective team. Although the original intent of the
elicitation session was to obtain probabilistic assessments for each
component in the marker system, the complexity and interdependency among the
components of the system thwarted this goal.

5.1 Persistence of Markers

Markers Team A members addressed the probabilities of markers continuing
to exist on an individual basis so that six individual assessments were
given. Assessments were provided assuming three different levels of societal
technology--high, medium or current day, and low at five points in time--200,
500, 1,000, 5,000, and 10,000 years after closure. Table 5-1 contains the
probabilities of the marker system (as defined in the report by Team A)
continuing to exist at the given epoch, conditional on a dominant state of
technology.
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Table 5-1. Probabilities of the Marker System Persisting - Team A

Years After Closure
Dominant
Expert Technology 200 500 1,000 5,000 10,000
High .99 .98 .95 .75 .50
Ast Medium .98 .98 .95 .75 .60
Low .99 .98 .95 .75 .60
High .99 .98 .95 .70 .50
Brill Medium .99 .98 95 .70 .50
Low .99 .98 .95 .85 .80
High .99 .98 .90 .85 .70
Goodenough Medium .99 .98 .95 .90 .75
Low .99 .98 .98 .95 .80
High .95-.99 .95-.99 .90-.95 .80 .70
Kaplan Medium .95-.99 .95-.99 .90-.95 .80 .70
Low .95-.99 .95-.99 .90-.95 .90 .85
High 90 .85 .70 .65 .60
Newmeyer Medium .95 .90 .85 .80 .60
Low .95 .90 .85 .85 .65
High .80 .85 .80 .70 50
Sullivan Medium .95 .90 .85 .80 .70

Low .95 .90 .85 .80 .70

During the probability assessments, the members of Team A made the
following observations:

At some point in the future, a high technology society may be able to
remove the entire WIPP or may decide to remove the markers. During the early
time periods, the distinction between the levels of technology is not as
great as during later periods simply because the differences have not had
time to develop.

In contrast, Team B provided consensus probabilities at three points in
time--500, 2,000, and 10,000 years after closure. Table 5-2 contains these
consensus probabilities for the three levels of technology.

5.2 Interpretability of Messages

The second question addressed by the teams of experts is whether, given
that the markers are extant, the message will be interpreted correctly by the
potential intruders. This question was asked conditionally for several time

5-2




5.2 Interpretability of Messages

Table 5-2. Consensus Probabilities of the Marker System Persisting - Team B

Years After Closure
Dominant
Technology 500 2,000 10,000
High .80 .85 .85
Medium .90 .80 .60
Low .90 .70 .40

periods, for the three levels of technology (higher than current levels, at
current levels, or lower than current levels), and for six modes of
intrusion--drilling for water, mineral exploration, drilling to create
injection wells, archaeological investigation, and other scientific
investigation.

Because of the motivations for potential intrusions and the individuals
expected to be involved, both Team A and Team B tended to group archaeology
and scientific exploration together, and to group together mineral
exploration, and drilling wells for water supply or waste disposal. In
general (across time periods and levels of technology), individuals involved
in potential intrusions for archaeological and other scientific purposes were
estimated as having greater likelihoods of correctly interpreting the warning
information at the WIPP than those individuals involved in mineral
exploration or drilling wells for water supply or waste disposal.
Archaeologists and other scientists might be expected to have access to
local, regional, and international information sources that could provide
additional information about the WIPP. Within the Team A judgments,
distinctions were sometimes made among mineral exploration, drilling wells
for water supply, and drilling wells for waste disposal because of judgments
about whether the activities were local efforts or represented a large
societal effort. Individuals involved with those activities believed to
require a larger, more organized effort were judged to have a higher
probability of correctly interpreting the messages because of the greater
access to information.

The probability that the marker system will deter the potential intruders
has been assessed as a function of time, the state of technology and the mode
of intrusion. Tables 5-3 through 5-7 give the probability of correct
interpretation for each of the five modes of intrusion. The first six lines
in each table give the correct interpretation probability for the experts of
Team A while the seventh line is the consensus probability for Team B.
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Table 5-3. Probability of Correct Interpretation of Message--Drilling for Water as Mode of Intrusion

200 Years 500 Years 1,000 Years 5,000 Years 10,000 Years
Technology = Technology = Technology = Technology = Technology =
Expert H1 M L H M L H M L H M L H M L

Ast .99 .98 .98 .98 .95 .60 .95 .85 .20 .90 .10 .05 .90 .05 .01
Brill .99 .99 .95 .95 .95 .90 .95 .95 .70 .95 95 .60 .95 .95 .50
Goodenough .99 .99 .99 .95 .95 .70 .90 .80 .50 .65 .60 .15 .50 .40 .02
Kaplan .99 .98 .95 .98 .90 .70 .95 .85 .60 .80 .70 .40 75 .50 .01
Newmeyer .99 .99 .80 .90 .85 .80 .80 .70 .50 .70 .60 40 .50 .30 .20
Sullivan .95 95 .80 .90 .90 .60 .85 .85 40 .70 .70 10 40 .40 .01

500 Years 2000 Years 10,000 Years
Team B .90 .90 .80 .90 .85 .70 .99 .80 .30

1The levels of technology being more advanced than today (H), similar to today’s level (M), and less advanced than today (L).
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Table 5-4. Probability of Correct Interpretation of Message--Mineral Exploration as Mode of Intrusion

200 Years 500 Years 1,000 Years 5,000 Years 10,000 Years
Technology = Technology = Technology = Technology = Technology =
Expert H1 M L H M L H M L H M L H M L

Ast .99 99 .98 .98 95 .70 .95 .90 .50 .90 .20 .10 90 .20 .05
Brill 99 89 95 95 .95 90 .95 .95 .70 .95 95 .60 95 .95 .50
Goodenough .99 99 .99 95 95 .70 90 90 .50 .65 .60 .15 50 .40 .02
Kaplan .99 .98 95 .98 90 - .70 97 .85 .65 .95 .80 .50 90 .75 .02
Newmeyer .99 99 .90 .90 .85 .80 .80 .70 .50 .70 .60 40 50 .30 .20
Sullivan .95 .95 .80 .90 .90 .60 .85 .85 .40 .70 .70 10 40 40 .01

500 Years 2000 Years 10,000 Years
Team B 90 .90 .80 .90 .85 .70 99 .80 .30

1The levels of technology being more advanced than today (H), similar to today’s level (M), and less advanced than today (L).
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Table 5-5. Probability of Correct Interpretation of Message--Drilling for Disposal Wells as Mode of Intrusion
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200 Years 500 Years 1,000 Years 5,000 Years 10,000 Years
Technology = Technology = Technology = Technology = Technology =
Expert H1 M L H M L H M L H M L H M

Ast .99 .98 .98 .98 .95 .60 .95 .85 .20 .90 .10 .05 90 .05
Brill .99 .99 .95 .95 95 .90 .95 .95 .70 95 .95 .60 95 95 .
Goodenough .99 .99 .99 .95 .95 .70 .90 .80 .50 .65 .60 15 .50 .40
Kaplan .99 .98 .95 .98 .90 .70 97 .85 .65 .95 .80 .50 .80 .75
Newmeyer .99 .99 .90 .80 .85 .80 .80 .70 50 .70 .60 .40 .50 .30
Sullivan .85 .95 .80 .90 .90 .60 .85 .85 40 .70 .70 .10 40 .40

500 Years 2,000 Years 10,000 Years

Team B .90 .90 .80 .80 .85 .70 .99 .80 .30

1The levels of technology being more advanced than today (H), similar to today’s level (M), and less advanced than today (L).
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Table 5-6. Probability of Correct Interpretation of Message--Archaeological Investigation as Mode of Intrusion

200 Years 500 Years 1,000 Years 5,000 Years 10,000 Years

Technology = Technology = Technology = Technology = Technology =
Expert H1 M L H M L H M L H M L H M L
Ast .9999 9999 .99 .9999 .9989 98 .999 .98 .95 .98 .95 .50 .80 .70 40
Brill .999 .999 .99 .999 .99 95 .99 97 .87 .99 .96 .75 .99 .95 .60
Goodenough .99 .99 .95 .99 .99 .80 .98 .98 .60 .80 .90 .40 .80 .80 .20
Kaplan .99 99 .99 .99 .99 .95 .85 .95 .70 .95 90 .60 .80 .75 10
Newmeyer .99 99 .90 .95 .90 .75 .85 .85 40 .70 .60 .20 .60 .20 10
Sullivan .99 .99 .90 .97 .97 70 .90 .90 .60 .80 .80 .20 .60 .60 .03
500 Years 2,000 Years 10,000 Years
Team B .99 .99 .90 .89 .95 .85 .99 .90 45

1The levels of technology being more advanced than today (H), similar to today's level (M), and less advanced than today (L).
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Table 5-7. Probability of Correct Interpretation of Message--Scientific Investigation as Mode of Intrusion

200 Years 500 Years 1,000 Years 5,000 Years 10,000 Years
Technology = Technology = Technology = Technology = Technology =
Expert H1 M L H M L H M L H M L H M L

Ast .9999 .9999 .89 .9999 .9999 98  .999 .98 .95 .98 .95 .50 .90 .70 40
Brill .999 999 .99 .999 .99 95 .99 97 .87 .99 .96 .75 99 .95 .60
Goodenough .99 99 .95 .99 99 .70 .98 .98 .60 .90 .90 .30 .90 .80 .10
Kaplan .99 .99 .99 .99 .99 .95 .95 .95 .70 .90 .85 50 .75 .50 .05
Newmeyer .99 .99 .90 .95 .90 .75 .85 .85 .40 .70 .60 .20 .60 .20 .10
Sullivan .99 .99 .80 97 97 .70 .90 .90 .60 .80 .80 .20 .60 .60 .03

500 Years 2,000 Years 10,000 Years
Team B .99 .99 .85 .99 .95 .80 .99 .80 .45

1The levels of technology being more advanced than today (H), similar to today's level (M), and less advanced than today (L).
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5.3 Conclusions and Implementation

5.3 Conclusions and Implementation

As the teams worked to develop a system of markers for the WIPP, they
identified a number of fundamental principles that guided their work and that
should guide future marker panel development efforts. These fundamental
principles began with the moral imperative to mark the WIPP (in agreement
with the mandated use of markers at a disposal site in 40 CFR Part 191,
Subpart B) and to be truthful in the messages rather than attempting to
frighten or mislead future societies. The teams also identified the need for
multiple levels of messages (corresponding to the complexity of the
information) on multiple types of markers, the importance of linking the
markers to off-site archives, and the necessity of using materials of little
intrinsic wvalue that would be difficult to recycle.

The two teams agreed and disagreed in different aspects of marker-system
design and thus produced the desired diversity in potential designs. - Both
teams recommended the use of earthen berms, stone markers, small buried
message markers, message chambers, and markers connected to outside archives
in their designs. The disagreement between the teams centered on whether to
attempt to use the principle of human archetypes in communicating through the
marker system (communicating through the feeling evoked by the markers) or

whether to develop a marker system that communicates purely through the
construction and arrangement of the markers and the messages on the markers.

All the probability sets show a high probability (85% or greater) that
markers will persist in a recognizable form for 500 years after closure of
the WIPP, with many of the estimates in the 95-99% range. With time, the
estimates of marker persistence decrease for all three levels of the dominant
technology. By 10,000 years, estimates of marker persistence range from 40%
probability to 85% probability, with most of the estimates in the 60-70%
range.

The probability of correct interpretation varies with time and with the
mode of intrusion, with high probabilities (90-99%) in the earlier (up to
500) years and for high technology. By 10,000 years, the probabilities of
correct interpretation have decreased, particularly for a society with a low
level of technology.

The high probabilities of both persistence and interpretability in the
first 500 years after closure of the WIPP would provide the greatest
protection during the period of continued petroleum exploration and
extraction, As stated in Chapter 1, the Boston Team and the Washington B
Team of the Futures Panel believed that resource exploration and extraction
in the WIPP area would cease within 300-500 years after closure.
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5. Probability Elicitation

The estimates of marker persistence and interpretability from the Markers
Panel will be used with the estimates of intrusion rates for various modes of
intrusion from the Futures Panel to provide input on inadvertent human
intrusion for performance assessments performed by the WIPP PA Department.

The estimates provided by the panel members show their belief that a
marker system can be designed and constructed to persist and to communicate
the location and dangers of the wastes buried in the repository far into the
10,000 year period of regulatory concern. Further study in some of the areas
outlined in this report will be mnecessary prior to the final design and
construction of the marker system. These topics include (1) physical
properties--durability of marker materials under current conditions at the
WIPP, mechanism of attaching or inscribing messages, and the interaction of
wind/sand/water with marker materials and configurations; (2) interpretation
of graphic or pictorial messages that are independent of culture; and
(3) interpretation of written messages that are independent of culture. The
implementation of the test results and the Panel recommendations in the
actual design and construction of the marker system will ensure that the
system 1is as durable as possible and as effective as possible in
communicating the appropriate messages.
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APPENDIX A: ISSUE STATEMENT FOR THE DEVELOPMENT OF MARKERS TO
| DETER INADVERTENT HUMAN INTRUSION INTO THE WASTE
ISOLATION PILOT PLANT

THE DEVELOPMENT OF MARKERS TO DETER INADVERTENT HUMAN
INTRUSION INTO THE WASTE ISOLATION PILOT PLANT

ISSUE STATEMENT

The Waste Isolation Pilot Plant (WIPP) could become an underground disposal
system for wastes contaminated with transuranic (heavier than uranium)
radionuclides from defense activities. The WIPP is located in southeastern
New Mexico, near Carlsbad, in bedded salt 2150 ft. beneath the earth’s
surface. Experts will consider passive markers for deterring inadvertent
human intrusion, defining characteristics for selecting and manufacturing
markers to be placed at the WIPP, and judging the performance of these
markers over a 10,000 year period. A marker is something interpretable by
the human mind that bears an explicit or implicit message. After
installation, passive markers should remain operational without further
human attention.

The current interpretation of the Standard (40 CFR Part 191) 1is that the
characteristics should be designed so that during the ten thousand year
performance period, the markers and their message(s) will have a high
probability of warning potential intruders of the dangers associated with
the transuranic wastes held within the repository, as well as their
location. A system of several types of markers is an acceptable response
to this issue statement.

Once the marker characteristics have been defined, the likely future
performance of these markers as deterrents to various kinds of intrusions
will be judged. Such judgments are dependent upon the possible future
states of society and on the physical changes that the region surrounding
the WIPP could undergo. The teams of experts who have studied these
futures as part of this project have identified various plausible futures
including the possible characteristics of future societies, the potential
modes of inadvertent intrusion, and the frequencies of these inadvertent
intrusions. 1In order to provide deterrence, the markers must be’
recognized, their meaning correctly interpreted, and they must elicit the
desired action from potential intruders.

The specific questions that the experts are asked to address follow. These
questions are related to design considerations, performance of individual
markers, and performance of the entire system.

Marker Design Characteristics

Address each of the following, considering the collection of futures
presented by the group identifying future societies and possible modes of |,
inadvertent human intrusion.

1. VWhat markers should be used to mark the WIPP disposal system? This
question asks for a general description of the marker system. The details
of the markers are asked for in the ensuing questions. Note that the
system may consist of more than one type of marker.
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Appendix A: Issue Statement for the Development of Markers to Deter
Inadvertent Human Intrusion into the Waste Isolation Pilot Plant

Marker Characteristics

For each of the markers described in the answer to question 1, consider:

2. The physical description of the markers including size, location,
shape, and materials.

3. The messages upon or in the markers and the method of conveying the
messages.

Performance of the System of Markers

The impact of markers in deterring inadvertent intrusion may not be
independent. Nonetheless, an evaluation of the performance of individual
markers could be useful to future decision makers in selecting markers if
the entire system cannot be put in place, and in selecting between the
markers recommended by the two teams.

For each of the major modes of intrusion:

4. Judge the likelihood (as’a function of time) that each marker has
persisted to the extent that it is recognizable as such and its message is
apparent.

5. Given that a marker has survived, what is the likelihood that each
civilization engaging in each specific potential intrusion will recognize
the message and correctly interpret that message.

6. Given that the marker has survived and that the message has been
correctly interpreted, what is the likelihood that the civilization
engaging in each specific potential intrusion will take appropriate action
given the message.

Finally, for the system of markers:

7. For the system of markers described above, judge the likelihood that
the system persists (as in question 4), the message is correctly
interpreted (as in question 5), and intrusion is deterred (as in question
6).

Questions 5, 6, and, in part, 7 require assessments of how future societies
will comprehend the markers and their messages. Because the
characteristics of these future societies are very uncertain, you are asked
to respond to these questions taking into account a wide range of future
societies. If this task is too difficult, assessments may be made for
several representative societies. For example, societies that are more
advanced and less advanced than our society and societies that are similar
to present day society may be considered. If assessments conditional on
various societies are made, it will be necessary to provide the likelihoods
of the various societies. Guidance in assigning the probabilities of the
various societies can be found in the report from the Future Intrusion
Panel in the form of the societies and probabilities they developed and
their rationale. The probabilities camnot be obtained directly from this
study, however, because each team provided alternmative interpretations of
the various future societies.

The work of the Futures Intrusion Panel highlighted a number of modes of
inadvertent human intrusion for which markers at the WIPP may provide
deterrence. They fall into the two general categories of boreholes and
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Appendix A: Issue Statement for the Development of Markers to Deter
Inadvertent Human Intrusion into the Waste lsolation Pilot Plant

excavations. In the first category, the boreholes may be drilled for
hydrocarbon exploration and extraction, water wells, or waste injection.
In the second category, there may be archaeological excavations or other
scientific excavations. Within an excavation project, it is conceivable
that there may also be drilling activities. Depending on the particular
use of the borehole or excavation, there may be different motivations for
intruding and perhaps different numbers of intrusions. The Panel is free
to address deterrence for each type of intrusion separately or for a
category.

As the above questions are asked as a function of time, it is convenient to
divide the entire 10,000 year time period into the near, medium, and far
futures., Specifically, you are asked to consider 0 to 500 years, 500 to
2,000 years, and 2,000 to 10,000 years. The near future represents the
general time period during which society might still be based on
hydrocarbon usage (as discussed in some of the Future Intrusion Panel team
reports). The medium future represents a period during which markers might
be more likely to survive and be interpretable. The far future represents
a period when there may be a lower probability that markers will survive

and be interpretable.

Framework for the Expert Judgments

The work of the Marker Development Panel is part of a staged process to
develop markers for the WIPP. It is therefore necessary for the Panel to
work within the confines of the work done previously and the performance
assessment requirements,

Marker Design Characteristics

The Panel is free to recommend a "no marker" strategy or any other
marking strategy.

If a "no marker" strategy is recommended, the Panel must still
recommend the best system of markers as the current Standard (40 GFR
Part 191) states that markers will be used.

Performance of the System of Markers

The results must be applicable to the modes and probabilities of
intrusion developed by the Future Intrusion Panel.

Additional future societies, modes of intrusion, and probabilities of
intrusion that a team wishes to develop for consideration in the design
criteria and effectiveness judgments should be contained in the team
report. These three items, as well as the effectiveness of the markers
in deterring these intrusions can be elicited, if necessary, at the
second meeting of the Marker Development Panel.

Communication of Findings

We ask that each team provide responses to the above questions and the
rationales supporting these responses. The responses should be in the form
of a draft report that includes a description of the recommended marker
system, and factors that would impact the effectiveness of various markers
in deterring various types of intrusions, as well as the assumptions,
methods, rationales, and other information used to reach these conclusions.
The draft report should be finalized after the second meeting, after the
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judgments have been elicited, and there has been interaction between the
two teams.

The assessment of the probabilities of: 1) existence, 2) interpretationm,
and 3) deterrence, as well as possible modification of the design criteria
will take place during the second meeting of the teams. Each team of
experts 1s expected to make a presentation of their findings to the other
team and the project staff. Similarly, while the teams are asked to
develop/identify factors influencing marker effectiveness, the assessment
of probabilities will be accomplished during the second meeting. This is
not to say that the expert participants should not give deep and careful
consideration to the assignment of these probabilities, however. The
intention here is to preclude the fixing of positions until after an
exchange of ideas takes place between the two teams. Further, it is
desired that the actual assessment of probabilities be done in conjunction
with the decision analysts participating in this project.

The probability assessments of the experts will be documented and
processed, and returned to the experts for comment and review. Following
concurrence by the experts, the results will be summarized and conveyed to
the DOE and the WIPP performance assessment team for inclusion in the
performance calculations of the WIPP system.
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APPENDIX B: LETTER REQUESTING NOMINATIONS

Sandia Nafional Laboratories

Albuquerque, New Mexico 87185

- July 24, 1990

<fn> <In>

<co>

<jt>

<addi>

<add2>

<add3> .
<ct>, <st> <zip>

Dear <ti> <In>:

The safe disposal of nuclear waste is one of the most pressing issues facing
the United States today. The Waste Isolation Pilot Plant (WIPP), located in
New Mexico, is to be the first of this nation’s nuclear waste repositories.
The geologic and hydrologic properties of the site indicate that the WIPP
system will serve as an effective repository, if left undisturbed. Inadvertent
human intrusion, however, might result in radioactive releases to the
biosphere. Preventing such intrusion through the development and
implementation of a passive marker system that will deter inadvertent
human intrusion into the repository is essential for assessing the
performance of the site. We seek your assistance in nominating persons to
participate in the identification of characteristics for selecting and
manufacturing markers to be placed at the WIPP site. Participants in this
study will identify the possible physical gro erties of markers (both
composition and placement), as well as the form and content of the
messages such markers should carry. If your qualifications are appropriate
for this study, we encourage you to place your own name in nomination.

Because the knowledge necessary to develop a marker system that will
remain operational during the performance period of the site (10,000 years)
can be found across many of our traditional disciplines of study, we are
attempting to construct panels that are multidisciplinary in nature--spanning
the fields of materials science, climatology, communications, and the social
sciences including archaeology, anthropology, and psychology.

Attached is a more detailed description of the tasks to be accomplished.
While the total effort required from the various panel members may vary
because of their backgrounds and areas of responsibility, we envision a
commitment of about three weeks effort including two meetings to be held
in New Mexico on October 10-12, and December 13-14, 1990. Expenses
and an honorarium in lieu of professional fees will be provided by Sandia
National Laboratories.
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Please send your nominations to me by August 3, 1990. We request that, if
possible, you contact suggested nominees to inform them of your
nomination and verify their interest in participating. Your inclusion of
complete addresses and telephone numbers (both voice and FAX if
available) will be greatly appreciated. We will contact the nominees shortly
thereafter and request credentials. The selection of participants will be
based on tangible evidence of expertise, previous work in related areas,
availability, and freedom from conflicts of interest.

If you need additional information, please contact Mr. Dan Scott or Ms.
Suzanne Pasztor at (505) 844-1917. If you wish, g'ou may send your
nominations by FAX to Mr. Scott or Ms. Pasztor at (505) 844-1723 or you -

may mail them directly to me.

Thank you for your assistance with this important issue.

Sincerely,

D. Q, A‘\’\ Q"b’:)c/\f\

D. Richard Anderson
Performance Assessment
Division 6342

Sandia National Laboratories
Albuquerque, NM 87185

Enclosure
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ACQUISITION OF EXPERT JUDGMENTS FOR PASSIVE MARKERS
TO DETER HUMAN INTRUSION INTO NUCLEAR WASTE REPOSITORIES

The Waste Isolation Pilot Plant (WIPP) is an underground storage facility for
transuranic (heavier than uranium) radioactive wastes from military weapons
production. The repository is located in southeastern New Mexico, near
Carlsbad, in bedded salt approximately 2500 ft. beneath the earth’s surface.
The goal of the expert judgment effort for passive markers to deter human
intrusion is the creation of characteristics for selecting and manufacturing
markers to be placed at the WIPP site. A marker is something detectable by the
mind that bears an explicit or implicit message. Passive markers remain
operational without further human attention.

Design characteristics can be implemented in various ways. For example, the
design characteristics may specify that the markers shall be placed so that they
delineate the surface area above the repository. Those markers located to each
side of any one marker can be seen with the unaided eye from that marker.
Further, the weight of the marker, or each piece of the marker, shalli be great
enough to discourage removal and the marker’s overall height (above and below
the ground) shall not only enhance ground and aerial visibility, but ensure
stability with respect to anticipated erosion and prevent burial due to shifting
sands and soil. The monuments shall be made of a durable material known to
withstand the weathering under current conditions at the WIPP site for ten
thousand years. The material shall not have value as a resource.

The messages on the monuments would be further described in the
characteristics. For example, the characteristics may state that the message must
be provided in the form of a pictograph, and in English, Chinese, and Russian.
The contents of the message would clearly signal the presence of biohazardous
waste in the repository. Further, the message will be inscribed to a depth
sufficient to prevent obliteration by erosion or corrosion.

The characteristics should be designed so that during the ten thousand year
performance period, the markers will have a high probability of warning
inadvertent intruders of the dangers associated with the transuranic wastes held
within the repository. A system of several types of markers may perform better
than a single type of marker for several reasons. First, there are events that
may yield certain types of markers ineffective while not impairing other types
of markers. For instance, monuments may be covered by sand dunes while
buried magnetic markers may remain detectable. Second, some types of
markers may be more effective for specific types of intrusions. Brilliantly
colored layers of materials laid beneath the surface may provide a warning
when brought to the surface by conventional drilling, but might go unnoticed
when drilling is performed by lasers.

The creation of characteristics for markers, then, requires the assessment of

specific marker performance for various modes of intrusion under various
scenarios of natural and manmade processes that may destroy or neutralize the
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markers. The study of intrusion modes will be completed at an earlier stage in
the overall project and will be provided as an input to the group working on
characteristics for markers. The expert group may, however, develop additional
intrusion modes.

The expert group will formulate characteristics for passive markers to provide a
high probability of effective warning at various times in the future. A marker
can provide an effective warning only if:

1. It survives. 2. It can be detected. 3. The message is perceived as a warning.
4. The warning initiates appropriate action.

The expert group must consider each of these aspects in developing
characteristics.

A presentation will be made to the group of experts on the background research
on markers performed in predecessor studies of radioactive waste disposal. This
review will take place in New Mexico October 10-12 of this year at a location
to be determined. The group will be introduced to the techniques and
procedures of probability elicitation and will undergo training in probability
assessment. Finally, the group will be taken on a familiarization tour of the
WIPP site which is located in Carlsbad, New Mexico.

The experts will then be asked to spend several weeks over the following two
month period preparing analyses using the tools and knowledge of their own
disciplines. The group will reassemble December 13-14, 1990 to make
presentations of their findings. Written documentation in the form of a paper or
report will be furnished as part of the presentation. Next, the experts will be
asked to provide probabilistic assessments of the performance of various types
of markers. These assessments will be collected using the methods of formal
probability elicitation.

The probability assessments of the experts will be documented and processed
and returned to the experts for comment and review. Following concurrence by
the experts, the results will be summarized and conveyed to the DOE and the
WIPP performance assessment team for inclusion in the performance calculations
of the WIPP system.

Expenses and an honorarium in lieu of professional fees will be paid by the
project.
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APPENDIXC: LIST OF THOSE TO WHOM REQUESTS FOR NOMINATIONS
WERE SENT

Arun Agrawal
Battelle Memorial Institute
Columbus, OH

Paul Angelis

Secretary Treasurer

American Association for Applied Linguistics
Department of Linguistics

Southern Illinois University

Carbondale, IL

Leonid V. Azaroff

Director

Institute of Materials Science
University of Commecticut
Storxrs, CT

John Baglin
IBM Almaden Research Center
San Jose, CA

Eric Barron
University Park, PA

Jeffrey Beard

Manager, Regulatory Affairs
American Society of Civil Engineers
Washington, DC

Eugene Bierly

Division of Atmospheric Sciences
National Science Foundation
Washington, DC

Michael Brill
President

Buffalo Organization for Social and Technological Innovation
Buffalo, NY

Richard Brose
Malcolm Pirnie, Inc.
Phoenix, AZ
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Austin Chang
Department of Materials Science and Engineering
University of Wisconsin

Madison, WI

David E. Glement
Columbia, SGC

John E. Costa
United States Geological Survey
Vancouver, WA 98661

Bob Costello
Hudson Institute
Indianapolis, IN

Donna Kelleher Darden
Department of Sociology
Eckexrd College

St. Petersburg, FL

Leonard David
Space Data Resources
Washington, DC

Frank Drake

Lick Observatory
University of California
Santa Cruz, CA

Charles Fairhurst

Department of Civil and Mineral Engineering
University of Mimnesota

Minneapolis, MN

Virginia Fairweather
Editor, Civil Engineering
New York, NY

Harry Farrar, IV

Rockwell International
Canoga Park, CA
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Barry Fell
President
Epigraphic Society
San Diego, CA

Ben Finney

Department of Anthropology
University of Hawaii
Honolulu, HI

Susan Gass

English Language Center
Michigan State University
East Lansing, MI

Richard L. Gay
Rockwell International
Canoga Park, CA

Carol Gipp

Project Coordinator

National Congress of American Indians
Washington, DC

David Givens
American Anthropological Association
Washington, DC

Thomas Greaves
Executive Director
Bucknell University
Lewisburg, PA

Ken Hadeen
National Climatic Data Center
Ashville, NC

Don Hancock

Southwest Research and Information Center
Albugquerque, NM
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J.N. Hartley

Battelle Pacific Northwest Laboratory
Environmental Management Operations
Richland, WA

Richard Henshel

Department of Sociology
University of Western Ontario
London, Canada

Jack Howell

Associate Executive Director of Programs
American Society of Mechanical Engineers
New York, NY

Paul Kay

Secretary-Treasurer

Society for Linguistic Anthropology
Department of Linguistics
University of California, Berkeley
Berkeley, CA

Maureen F. Kaplan
Eastern Research Group, Inc.
Lexington, MA

Max Lagally
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APPENDIX D: LETTER TO NOMINEES

Sandia National Laboratories

Albuquerque. New Mexico 87185

July 23, 1990

Dear

The safe disposal of nuclear waste is one of the most pressing issues facing the United
States today. The Waste Isolation Pilot Plant (WIPP), located in New Mexico, is to be the
first of this nation’s nuclear waste repositories. The geologic and hydrologic properties of
the site indicate that the WIPP system will serve as an effective repository, if left
undisturbed. Inadvertent human intrusion, however, might result in radioactive releases to
the biosphere. Sandia National Laboratories is working on the development and
implementation of a passive marker system to deter inadvertent human intrusion into the
repository.

You have been nominated to participate in a study sgonsored by Sandia National
Laboratories that will identify what kinds of markers should be placed at the WIPP site and
will attempt to assess the effectiveness of such a marking system. A brief description of the

roblem, the criteria for selecting participants from the nominees, and scheduling

information follow.

The knowledge necessary to develop a marker system that will remain operational during
the performance period of the site—10,000 years—can be found across many of our
traditional disciplines of study. For this reason, we are constructing a panel of eight to ten
experts that is multidisciplinary in nature—spanning the fields of materials science,
climatology, communications, and the social sciences including archaeology, anthropology,
and psychology. Each panel member will answer questions regarding the marker system
that directly concern his or her expertise. For example, a materials scientist will help
identify what the markers should be made of, while a linguist will be concerned with what
kind of inscription should go on the markers.

Attached is a more detailed description of the tasks to be accomplished. While the total
effort required from the various team members may vary because of their backgrounds and
areas of responsibility, we envision a commitment of about three weeks effort including two
meetings to be held in New Mexico: one during early fall (October 10 through 12) and
another two months following the first meeting (December 13 and 14). Expenses and an
honorarium in lieu of professional fees will be provided by Sandia National Laboratories.

D-3



Appendix D: Letter to Nominees

If you are interested in serving on this prgjg;t, please send me your resume and a letter
stating your interest by August 15, 1990. This letter should include a brief description of
why you feel you are qualified to serve. Citing work you have accomplished that is
germane to this study would be helpful to our selection committee. You should also show
that you will be able to attend the required meetings and perform the assigned work
between the two meetings. The selection of participants will be based on tangible evidence
of expertise, curriculum vitae, previous work in related areas, availability, and freedom
from conflicts of interest.

If gou need additional infbrmation, please contact Mr. Dan Scott or Ms. Suzanne Pasztor at
ng) 844-1917. If you wish, you may send Your letter reque;ﬁ:f to serve on the study by
to Mr. Scott or Ms. Pasztor at (505) 844-1723, or you may mail them directly to me.

Thank you for your assistance with this important issue.

Sincerely,

D. Richard Anderson
Performance Assessment
Division 6342

Sandia National Laboratories
Albuquerque, NM 87185

Enclosure
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ACQUISITION OF EXPERT JUDGMENTS FOR PASSIVE MARKERS
TO DETER HUMAN INTRUSION INTO NUCLEAR WASTE REPOSITORIES

The Waste Isolation Pilot Plant (WIPP) is an underground storage facility for transuranic
(heavier than uranium) radioactive wastes from military weapons production. The
repository is located in southeastern New Mexico, near Carlsbad, in bedded salt
approximately 2500 ft. beneath the earth’s surface. The goal of the expert judgment effort
for passive markers to deter human intrusion is the creation of characteristics for selecting
and manufacturing markers to be placed at the WIPP site. A marker is something
detectable by the mind that bears an explicit or implicit message. Passive markers remain
operational without further human attention.

Design characteristics can be implemented in various ways. For example, the desi
characteristics may specify that the markers shall be placed so that they delineate the
surface area above the repository. Those markers located to each side of any one marker
can be seern with the unaided aﬁe from that marker. Further, the weight of the marker, or
each piece of the marker, shall be great enough to discourage removal and the marker’s
overall height (dbove and below the ground) shall not only enhance ground and aerial
visibility, but ensure stability with respect to anticipated erosion and prevent burial due to
shifting sands and soil. e monuments shall be made of a durable material known to
withstand the weathering under current conditions at the WIPP site for ten thousand years.
The material shall not have value as a resource.

The messages on the monuments would be further described in the characteristics. For
example, the characteristics may state that the message must be provided in the form of a
pictograph, and in English, Chinese, and Russian. The contents of the message would
clearly signal the presence of biohazardous waste in the repository. Further, the message
will be inscribed to a depth sufficient to prevent obliteration by erosion or corrosion.

‘The characteristics should be designed so that during the ten thousand year performance
period, the markers will have a high probability of warning inadvertent intruders of the
dangers associated with the transuranic wastes held within the regository. A system of
several t);‘pes of markers may perform better than a single type of marker for several
reasons. First, there are events that may yield certain types of markers ineffective while not
impairing other types of markers. For instance, monuments may be covered by sand dunes
while buried magnetic markers may remain detectable. Second, some types of markers
may be more effective for specific types of intrusions. Brilliantly colored layers of materials
laid beneath the surface may provide a warning when brought to the surface by
conventional drilling, but might go unnoticed when drilling is performed by lasers.

The creation of characteristics for markers, then, requires the assessment of specific
marker performance for various modes of intrusion under various scenarios of natural and
manmade processes that may destroy or neutralize the markers. The study of intrusion
modes will be completed at an earlier stage in the overall project and will be provided as
an input to the group working on characteristics for markers. The expert group may,
however, consider additional intrusion modes. :

The expert group will formulate characteristics for passive markers to provide a high
probability of effective warning at various times in the future. A marker can provide an

effective warning only if:
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1. Itsurvives.

2. It can be detected.

3. The message is perceived as a warning.
4. The warning initiates appropriate action.

The expert group must consider each of these aspects in developing characteristics.

A presentation will be made to the group of experts on the background research on
markers performed in predecessor studies of radioactive waste disposal. This review will
take place in New Mexico October 10-12 of this year in Albuquerque, New Mexico. The
group will be introduced to the techniques and procedures of pro abivllilﬁy elicitation and
will undergo training in probability assessment. Finally, the group will be taken on a
familiarization tour of the P site which is located in Carlsbad, New Mexico.

The experts will then be asked to spend several weeks over the following two month period
prepann% analyses using the tools and knowledge of their own disciglines. The group will
reassemble December 13-14, 1990 to make presentations of their findings. Written
documentation in the form of a gaper or report will be furnished as part of the
presentation. Next, the experts will be asked to provide probabilistic assessments of the
performance of various types of markers. These assessments will be collected using the
methods of formal probability elicitation.

The probability assessments of the experts will be documented and processed and returned
to the experts for comment and review. Following concurrence by the experts, the results
will be summarized and conveyed to the DOE and the WIPP performance assessment team
for inclusion in the performance calculations of the WIPP system.

Expenses and an honorarium in lieu of professional fees will be paid by the project.
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APPENDIX E: EXPERT PANEL SELECTION CRITERIA

Each member of the selection committee evaluated the nominees based on the
following criteria:

tangible evidence of expertise,

professional reputation,

availability and willingness to participate,

understanding of the general problem area,

impartiality,

lack of economic or personal stake in the potential findings,

balance among team members so that each team has the mneeded breadth of
expertise,

physical proximity to other participants so that teams can work
effectively,

balance among all participants so that wvarious constituent groups are
represented.
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You are not obliged to finish the task,
Nor are you released from undertaking it.

(Ethics of Our Fathers 11:21)
(Pirkei Avot 11:21)

The land was not willed to you by your ancestors
- it was loaned to you by your children

(Kenya saying)

OZYMANDIAS
Percy Bysshe Shelley

I met a traveler from an antique land

Who said: Two vast and trunkless legs of stone
Stand in the desert. Near them, on the sand,
Half sunk, a shattered visage lies, whose frown,
and wrinkled lip, and sneer of cold command,

Tell that its sculptor well those passions read
Which yet survive, stamped on these lifeless things,
The hand that mocked them and the heart that fed;
And on the pedestal these words appear:

‘““My name is Ozymandias, King of Kings:

Look on my works, ye Mighty, and despair!’’
Nothing besides remains. Round the decay

Of that colossal wreck, boundless and bare

The lone and level sands stretch far away.
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EXECUTIVE SUMMARY

Sandia National Laboratories charged a panel of outside experts with the task to design a
10,000-year marking system for the WIPP (Waste Isolation Pilot Plant) site, and estimate the
efficacy of the system against various types of intrusion. The goal of the marking system is to
deter inadvertent human interference with the site. The panel of experts was divided into two
teams. This is the report of the A Team; a multidisciplinary group with an anthropologist (who
is at home with different, but contemporary, cultures), an astronomer (who searches for
extra-terrestrial intelligence), an archaeologist (who is at home with cultures that differ in both
time and space from our own), an environmental designer (who studies how people perceive and
react to a landscape and the buildings within them), a linguist (who studies how languages
change with time), and a materials scientist (who knows the options available to us for
implementing our marking system concepts). The report is a team effort. There is much
consensus on the design criteria and necessary components of the marking system.
Understandably, there is some diversity of opinion on some matters, and this is evident in the
text.

We developed several criteria for the marking system:

* The site must be marked. Aside from a legal requirement, the site will be indelibly
imprinted by the human activity associated with waste disposal. We must complete the
process by explaining what has been done and why.

¢ The site must be marked in such a manner that its purpose cannot be mistaken.

®  Other nuclear waste disposal sites must be marked in a similar manner within the U.S. and
preferably world-wide.

* A marking sysfem must be utilized. By this we mean that components of the marking
system relate to one another in such a way that the whole is more than the sum of its parts.

® Redundancy must play a preeminent role in marking system design. The designs considered
here have redundancy in terms of message levels, marking system components, materials,
and modes of communication.

e Each component of the marking system should be made of material(s) with little intrinsic
value. The destructive (or recycling) nature of people will pose a serious threat to the
marking system.

¢ The components of the marking system should be tested during the next few decades while

the WIPP is in operation, not only for the longevity of the materials but for the pan-cultural
nature of the message. ) '
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In other words, as with the repository design itself, the team was comfortable with the thought
of designing a marking system that would last 10,000 years if left undisturbed. Our efforts
focused on making it understandable while providing minimal incentive to disturb it. We also
consider a public information effort a necessary part of the marking system design. A system
that is not understood today has no chance of being understood in the far future.

Figures 4.3-1 through 4.3-18 provide a basic description of our most developed design and other
design options! (for these figures and more details please see: Section 4.2, Design options, and
Section 4.3, A visual depiction of various design options).

The central area of interest is surrounded by earthen berms. For the WIPP site, the area of
interest is where we do not want drilling or excavation to occur. In the design the central area
is the area of the underground panels plus either (1) a one-fourth-mile buffer zone, or (2) the
distance to which the radionuclides may migrate during the 10,000-year period, whichever is
larger. The forms of the earthworks are jagged and rough, suggestive of energy radiating from
the central area.

The berms serve several purposes. First, they define the area of interest. Their size is set so
that sand dunes are unlikely to cover all of them entirely at the same time. Instead, the wind will
leave dunes streaming behind the berms and create an even larger marker. Second, their shape
sets the tone for the entire landscape -- non-natural, ominous, and repulsive. Third, the corner
berms are higher than the others and provide vantage points for viewing the entire site. Fourth,
the corner berms also include buried rooms with all the message levels recommended for
inclusion in this marker system. As the berms erode, these rooms will become uncovered at
various times.

The investigator will be guided toward the center of the site by the berms. Prior to entering the
central area, however, he or she will encounter a ‘‘message kiosk’’ (Figure 4.3-18). Each
message kiosk is composed of a message wall and a protecting wall. In terms of site layout, the
message kiosks form the only ‘‘nurturing’’ part of the marking system design. The protecting
wall is of concrete and is meant to protect the message wall from erosion. The message wall
is of granite or other hard rock and is a vertical, curved form. There are two reasons for a
curved form: (1) it makes it very difficult to reuse the piece for another purpose, and (2) it is
not an honorific form such as an obelisk. The vertical aspect minimizes tensile stress on the
components.

The message wall will bear what we call Level II and Level IIT messages (cautionary and basic
information, respectively). The preliminary texts read:

l The body of the report reviews several designs that were considered and rejected. We include them because
we believe it is as important to document the decision-making process as it is to present the conclusion.
"Menacing Earthworks" is the final recommendation for the overall design option, along with the other marker
system components discussed in the text.
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Level II:
DANGER.
POISONOUS RADIOACTIVE WASTE BURIED HERE.
DO NOT DIG OR DRILL HERE BEFORE A.D. 12,000.
Level III:;

These standing stones mark an area used to bury
radioactive wastes. The area is ... by ...
kilometers (or...miles or about...times

the height of an average full grown male person)
and the buried waste is...Kilometers

down. This place was chosen to put this
dangerous material far away from people. The
rock and water in this area may not look, feel,
or smell, unusual but may be poisoned by
radioactive wastes. When radioactive matter
decays, it gives off invisible energy that can
destroy or damage people, animals, and

plants.

' . Do. not drill here. Do not dig here. Do not do

anything that will change the rocks or water in
the area.

Do not destroy this marker. This marking
system has been designed to last 10,000 years.
If the marker is difficult to read, add new
markers in longer-lasting materials in

languages that you speak. For more information
80 to the building further inside. The site

was known as the WIPP (Waste Isolation Pilot
Plant) site when it was closed in....

[Face on the right reprinted with permission from:
Eibl-Eibesfeldt, Irandus. Human Ethology.

(New York: Aldine de Gruyter) Copyright ©

1989 by Irandus Eibl-Eibesfeldt.]

The Level II message is flanked on either side by a face, one denoting horror and the other
denoting sickness or nausea. The messages are repeated seven times: the six languages of the
United Nations (Arabic, English, Spanish, French, Russian, and Chinese), Navajo, and blank.
The blank area is so the message can be inscribed in another language when these grow too
ancient to read comfortably. Also included on the message wall is a map of the WIPP site,
showing both surface and underground features. This would allow the future investigator to
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reconstruct the site at the time of original construction regardless of what has happened to the
site in the interim.

Beyond the message walls lies the central area. A major feature of the design is the concept
of a hollow center, that is, nothing at the center is a focal point of interest. Within the central
area, but not at the center, lies a ‘‘Level IV’ room (Figure 4.3-17).2 This room has both
messages listed above as well as an extended text and additional pictures.

We have constructed two possible texts for the Level IV message. Straight brackets, [ ],
enclose comments for this report. The shorter one of the two is:

This place is a burial place for radioactive
wastes. We believe this place is not dangerous
IF IT IS LEFT ALONE! We are going to tell you
what lies underground, why you should not
disturb this place, and what may happen if you
do. By giving you this information, we want

you to protect yourselves and future

generations from the dangers of this waste.

The waste is buried ... kilometers down in a
salt layer. Salt was chosen because there is
very little water in it and cracks caused by
digging the rooms for the waste reseal. There
is a pocket of pressurized salt water ...

km below the waste. There is a rock layer ...
kilometers below the surface that did not have
drinkable water when we built the site. We
studied all the things that could go wrong with
the site. We found out that the worst things
happen when people disturb the site. For
example, drilling or digging through the site
could connect the salt water below the radioactive
waste with the water above the waste or with the
surface. The salt water could wash through the
waste and bring the poisonous and radioactive waste
to the water near the surface or to the surface
itself. People who drink the water will drink
the poison. If the water is used for animals

or crops, those too will be poisoned and the
people who eat them will be poisoned. It may
take many years for the sickness and death to
show. Radioactivity poisons people because it

Zdesigned to be entered and studied in great detail.
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can cause cancer. When radioactive matter
decays, the energy it releases can damage the
basic material of life in each cell of the

human body. The damage can cause uncontrolled
cell growth, called cancer, that can kill.

The waste is buried in 845,000 metal drums in

a space of about 6,200,000 cubic feet. The waste
was generated during the manufacture of nuclear
weapons, also called atomic bombs. It is basically
laboratory and manufacturing materials that

are contaminated with radionuclides having
atomic numbers greater than 92, half-lives
exceeding 20 years, and concentrations

exceeding 100 nanocuries per gram. (A gram of
radium is a curie of radioactivity. There are
1,000,000,000 nanocuries per 1 curie. A nanocurie
corresponds to the disintegration of 37 atoms in
one second). The waste includes metal objects (such
as hand tools, machine tools, and motors), glass
objects (such as cups and containers), plastic
objects (such as bags, tubes, and gloves), and
paper and rag materials, such as protective
clothing worn by people when they worked with
the radioactivity. Many of these materials

will corrode, decay or otherwise disappear but
the radioactivity will remain.

Pictures on the walls of this room help explain the
message. A map shows the surface marking system,
its relationship to the underground area used for
disposal, and the depth of disposal. A map shows
the rock layers below the site. A periodic table

identifies those elements that are radioactive and
those that are buried below here. When the site

was closed in ..., it contained

plutonium-239 .. curies
plutonium-240 = ... curies

americium-241 = ... curies
uranium-233 = ... curies
thorium-229 = ... curies.

Radz'oactivity’declines exponentially with time.
By 10,000 years, after the waste was buried here,
the waste will be no more hazardous than the ore
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Jrom which the radioactive material was taken [see 50 FR 38071a].
There is a picture showing the four brightest

stars that can be seen from the site (Sirius,

Canopus, Arcturus, and Vega). The position of

the star-rise changes in time, and lining up

the angles of the star-rise with the map will

show how much time has passed since the site

was closed. The site was closed in

...AD (anno domini), Gregorian calendar
...AD, Byzantine calendar

..., Jewish calendar

..., Islamic calendar

..., Chinese calendar

The waste also contains hazardous materials,
whose danger does not lessen with time. These
include: lead, cadmium, chromium, barium,
methylene chloride, and toluene. The elements
also have an arrow in.the box in the periodic
table. The chemical form for methylene
chloride and toluene are shown, also.

If you find unusual sickness in this region, |
or you find higher than normal levels of
radioactivity in the area, inspect the area of
the site. Look for: boreholes that were

drilled after the site closed, but were never
sealed; old mine shafts that were never
sealed,; and failed seals from the original
repository. Reseal these areas, using your
best technology, to prevent any further leakage
of radioactivity or toxic materials.

Do not destroy these markers. If the message

is difficult to read, rewrite the message in

your language .in the blank area on this wall.

If the markers are worn or missing, add new

ones in longer-lasting materials in languages

that you speak. This site, built in ... by

the United States of America government, represents
a first attempt to responsibly dispose of wastes

Jor an extended period of time. Other sites exist
that contain radioactive wastes, and they are marked
in a similar manner. We have shown these sites on a
map in this room. Do not disturb any of these sites.
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These messages will be inscribed onto the walls of the room. Some pictures will be inscribed
on stones standing on the floor of the room. (Pictures need be done only once since they do not
need to be translated.) The messages will actually be done on two layers, so as one is removed,
the message still remains. The configuration of the stones should be such that they can fit
together without mortar and can only fit together in one way. The backs of the first layer should
be uneven. This will minimize their ease for reuse.

The periodic table will include a sample of each element in the respective box. Naturally
radioactive materials will have the radiation trefoil in the box. Man-made radioactive materials
occurring in the WIPP will also will have the radiation symbol plus a downward pointing arrow
proportional to the amount stored in WIPP. This will allow the investigator to reconstruct the
radioactive contents of the WIPP site. To indicate the non-radioactive content of the WIPP, a
differently designed, less prominent, downward arrow could be used to indicate the content of
other elements. A star map will allow the investigator to estimate the amount of time that has
passed since closure has occurred.

The interior of the room is not easily accessible, since the size of the openings makes it difficult
to carry away internal parts of the room. There will be five Level IV rooms at the site - - one
on the surface and the other four buried within the corner berms. The surface room will be
under layers of earth and stone to minimize the effects of daily and seasonal fluctuations of
temperature and moisture.

Other components considered for the surface area of the site include a world map, showing the
locations of other radioactive waste disposal sites, reuse of the hot cell as a Level IV room (if

it can be decontaminated), a visitor’s center/memorial, and aeolian structures.

We also considered three sets of subsurface markers. The first group come into effect once
intrusion has begun. Their goal is to stop potential intruders, if only for a short while, and to
make them reconsider their actions. These include hard crystalline rock at the walls and ceiling
of the waste rooms, and Thermit to be ignited by the intrusion process itself.

The second set of subsurface markers provide warnings to potential intruders before damage is
done to the repository system. These include salting the site with small markers. These would
be lenticular in shape, about 5 inches in diameter, and bear the Level II message. These would
be buried throughout the central area, above the caliche level. They are meant to work their
way to the surface via erosion or surface excavations. It is a way to remind the potential home
builder or farmer that they really do not want to be there. Materials for these markers include
fired clay or glass.

The final set of markers would be emplaced in the shafts. This is the most likely area for
radionuclide migration. The material would be located about 50 feet down -- i.e., where surface
activities are unlikely to affect it but above the region for the various repository seals. Again,
disks dispersed in the backfill with Level II messages are appropriate, as are ones with a
message saying ‘“You have reached a shaft - Do not dig here.”” These would tie the activities
at the shaft with the warning markers located around the area.
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1. General Considerations

1.1 Background information on marking the WIPP site

The Waste Isolation Pilot Plant (WIPP) is a research and development facility for the disposal
of defense wastes. Defense wastes are primarily transuranic wastes (TRU). TRU is defined as
materials contaminated with isotopes with an atomic number greater than 92, a half-life greater
than 20 years, and a concentration greater than 100 nanocuries per gram. The existence of such
a site was mandated by Public Law 96-164 (Department of Energy National Security and
Military Applications of Nuclear Energy Authorization Act of 1980).

The WIPP site is located in southeastern New Mexico, about 25 miles east of Carlsbad. The
site currently consists of a 16 square-mile area (the land withdrawal area) and a fenced area that
is approximately 1.5 miles on a side. Within the secured boundary lie the waste handling
building and subsidiary offices. The underground waste disposal panels and rooms are designed
to lie within the secured boundary. These panels and rooms are designed to occupy an area that
is 2,064 feet by 2,545 feet at a depth of 2,157 feet. There is an overlying aquifer, but the water
is not potable. The site is located in an arid region (about 12 inches of rainfall per year) that
supports cattle grazing but not dry farming. The arid landscape is undulating in the southeastern
part of the site with both stabilized and mobile sand dunes.

WIPP is regulated by an EPA standard set in 1985 [Ref. 1-1].
There are several important features of the Standard:

e It requires a marking system at the site; i.e., it states that "Disposal sites shall be designated

by the most permanent markers, records, and other passive institutional controls practicable
to indicate the dangers of the wastes and their location" (40 CFR 191.14(c)).

®  The performance assessment for the disposal facility must be probabilistically-based. That
is, not only must the consequences of a given scenario be calculated, the likelihood of that
scenario must be estimated (40 CFR 191.13).

e The time period of interest is 10,000 years (40 CFR 191.13 (a)).

e  Active institutional controls are considered effective for no more than 100 years (40 CFR
191.14(a)).

In other words, there is a legal requirement to mark the site. It is this requirement that led
Sandia National Laboratories to convene what are known as the Futures panel and the Markers
panel. The first group examined the possible "futures" over the next 10,000 years and
considered a wide range of conceivable cultures, population sizes, and technical developments.
The role of the Markers panel is to develop design characteristics for marking systems for the
WIPP site and to judge their effectiveness against the intrusion scenarios developed by the

E-19




Appendix F: Team A Report

Futures panel. The charge to the Markers panel will be discussed in more detail in Section 1.2.

The Sandia work is the second major effort to consider the long-term marking of nuclear waste
disposal sites. The U.S. Department of Energy convened the Human Interference Task Force
(HITF) in 1980 [Ref. 1-2].

The value of that work lies in establishing the credibility and feasibility of the effort to design
long-term marking systems for nuclear waste disposal sites. The Sandia approach differs from
the HITF approach in two important features:

e The Sandia approach divided the experts into two teams. The reports, then, reflect
interdisciplinary team efforts rather than the focus of individual specialties. It should not be
surprising that some designs presented in this report are dramatically different from those
presented a decade ago.

e The Sandia approach involves the elicitation of subjective probabilities for the likelihood of
deterring human interference with the site. This part of the effort is required to evaluate
whether WIPP meets the probabilistic basis of the EPA regulation.

1.2 Charge to the expert panel

The Marking System Teams were given a seven-fold charge:

¢ Recommend markers that should be used to mark the WIPP disposal site.

¢ Provide physical descriptions of the markers, including size, location, shape, and materials.

¢ Provide the message on the markers and the method of conveying the messages.

For each major mode of intrusion identified by the Futures panel:

o Estimate the likelihood that each marker has survived (i.e., it is recognizable and the message
is apparent).

e Estimate the likelihood that the potential intruder will recognize and correctly interpret the
message, given that the marker has survived.

e Estimate the likelihood that a potential intruder will take appropriate action to avoid intrusion
given that the marker has survived and that the potential intruder has recognized and correctly
interpreted the message.

For the system of markers:

e Re-estimate the likelihood that the system persists, the message is correctly interpreted, and

intrusion is deterred.
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The focus of this report is the first three items, which will form a basis for probability estimates
from each individual member of the team. Finally, the Markers panel was instructed not to
consider cost when developing marking system designs.

The following working assumptions have governed the panel’s view of the possible scenarios
relating to its charge:

Climate will vary from that of a desert or near desert to that of good grassland. At best,
water will be a scarce resource. Probability of significant change in availability of water
over the next 10,000 years is very low.

The region will be sparsely inhabited under the best of - conditions, most likely by keepers
of livestock, once natural gas has been taken out of the area over the next few hundred
years. :

A tradition directly descended from one or another of the modern technologically,
scientifically, and scholarly developed societies will continue through the next 10,000 years,
barring catastrophic developments on a scale that makes that impossible.

Continuity of human existence guarantees that whatever languages are spoken over the next
10,000 years, they will be lineal descendants of one or more languages spoken now, most
probably those most widely spoken and written now.

Because literacy has not ceased to exist since it was first developed some 6,000 years ago,
it will not cease to exist over the next 10,000 years, nor the scientific and scholarly
traditions based on it, again barring catastrophic developments on a scale that makes that
impossible.

In light of these assumptions, the following scenarios have been considered in relation to the
problem of marking the WIPP site:

Human existence has been reduced to what can be supported by a metal-using technology
similar to that of early medieval Europe -- use of iron tools, limited literacy, technology
capable of deep intrusion at the site if there was extraordinarily high incentive for doing so.
Local inhabitants of the site area are most likely to be livestock keepers and small-scale
river-bottom farmers. The probability of an intrusion is relatively low. There is little need
for a marking system. A marking system that is awesome and scary, as suggested in this
report, may invite its being used for religious purposes or as a place of assembly among
groups in the area, but is unlikely to invite deep intrusion, especially considering the effort
it would require.

Human existence has continued with regional ups and downs over the world at the present
level of technological sophistication, at least, if not a higher one. But the area of the WIPP
site has been a marginal one for human habitation and exploitation because of the cycles of
climatic changes between desert and grassland. People encountering the site following a
period of desertification are likely to be relatively unsophisticated themselves, livestock
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keepers or resource prospectors. If the site is marked by a massive, awesome, and rather

scary marking system, word of it is more likely to be disseminated so that it will come to
the notice of officials and scholars and scientists of the time. Once they have learned of it,
its massive scale will draw scholars and scientists to study it, decipher the messages
inscribed there, and thus become acquainted with the nature of the site and what is buried
there. In the absence of such study and reacquaintance with what is there, the likelihood
of inadvertent intrusion is greater.

e Human existence went through a period of global catastrophe in which it was reduced to
illiteracy and something bordering on a Stone Age level of technology, and then redeveloped
new patterns of technological sophistication, new literacy, and new science. The probability
that people would then be able to decipher and understand the true meaning of the messages
inscribed there is low, unless the inscriptions provide a key to their interpretation. By
having the same messages in different languages arranged in a way that shows them to be
parallel messages, the site design can provide the equivalent of the Rosetta Stone that will
increase the probability of successful decipherment.

It is to the last two scenarios above that our team has considered a marking system to be most
relevant. With these scenarios in mind, we decided on a systems approach to marking with

e Several components within a given design,
e  Multiple items within each component, and
e Two-way indexing linking different levels of information and system marking components.

With this approach, we can afford to lose items within a given component without seriously
compromising the effectiveness of the entire design. (For example, about one-third of the stones
of Stonehenge are missing, yet the entire design can be reconstructed without major
controversy.) Under these conditions, it is the probability estimate for the entire system that is
relevant, not those for individual markers.

Second, a literal interpretation of the charge leads to the estimation of 54 probabilities for each
system design (2 modes of intrusion x 3 time periods x 3 degrees of efficacy [the marker
survives/is understood/and deters] x 3 types of societies [more advanced/similar to our own/less
advanced]). Given that we have explored 5 designs, a literal interpretation of the charge leads
to several hundred probability estimates. Extending this effort to individual components of a
system would further extend the number of needed estimates. Using Occam’s razor to slice

through this forest of logic branches, the A Team interpreted the work of the Futures panel as
the need to be ready for anything regarding marking system design for the WIPP site.

Third, we considered one set of branches to be outside our purview. The regulatory requirement
is to deter inadvertent intrusion, and thus we feel that if the message is understood, our job is
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completed. Any action that takes place after the message is understood is advertent and
intentional. If the intruder is aware of what lies below him or her, and of the consequences of
disturbing the area, and yet does not change his or her intended course of action, it is not
inadvertent intrusion.

1.3 Should the site be marked?

1.3.1 Motivations for Marking

There are two major motivations for marking the WIPP site:

® Social responsibility to the future generations that did not create the waste.
e We have no alternative; the site is already marked.

We therefore feel that it is essential that the WIPP site be marked in some manner, and cannot
agree with the conclusions of two of the Futures panel teams and other authors [Ref. 1-3], which
suggested not marking it. We take it as uncontroversial that all people have an inherent right to
understand as far as possible the forces that might profoundly affect their well-being. We do
not accept the reasoning that led to the suggestion not to mark the site. In this view, marking
might be counterproductive; given the (presumed) small risk of inadvertent exposure, marking
would lead only to the attraction of ‘‘curiosity seekers,’’ thereby increasing overall risk. But
we are not sufficiently confident that the risk of inadvertent exposure is low and, even if it is,
not warning future generations of a potential peril under their feet represents an abdication of
moral responsibility.

An analogy seems appropriate here: Inhalation of radionuclides projected to be confined in
drums in the Salado formation may well present a greater health hazard than a lifetime of
cigarette smoking, and yet our society places health warnings on every cigarette pack.

The performance assessments at the WIPP site indicate that the expected behavior of the site
indicates little danger to humans, except for human interference. Although the regulation is
probabalistically-based, the team decided to design the site as if it posed the maximum plausible
danger. We examined two causes for greater potential danger. First, as one of the Futures panel
teams noted, the site may be used to store the more dangerous high-level waste, despite the
absence of explicit official plans to use it for this purpose. We can imagine a scenario of a WIPP
already in operation, political pressure in other states to ship out-of-state all their radioactive
wastes, and a decision not to build the facility at Yucca Mountain, NV, as the repository for the
country’s high-level civilian and defense waste.! Thus an atmosphere would arise conducive to

1 Section 12 of the WIPP Land Withdrawal Act (WIPP LWA) (Public Law 102-579), approved October 30, 1992,
entitled Ban on High-Level Radioactive Waste and Spent Nuclear Fuel, states:
The Secretary shall not transport high-level radioactive waste or spent nuclear fuel to WIPP or emplace
or dispose of such waste or fuel at WIPP.
While Congress has spoken on this issue, Team A found it conceivable that the WIPP LWA would be amended
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concentrating the nation’s high-level radioactive refuse, whatever its ultimate source, at the
WIPP. There is even some support in the State of New Mexico for this plan: in 1987 the
governor suggested that the WIPP site should serve as a repository for high-level commercial
waste. Moreover, the remote handling area of the WIPP building could be used to handle
high-level wastes without redesign, and the site could be expanded either laterally or at a deeper
layer to accommodate the additional wastes.

Second, whatever wastes are ultimately stored at the WIPP, there is a probability significantly
greater than zero that they are not as secure in the Salado salt beds as might be hoped. The
Scientists’ Review Panel on WIPP [Ref. 1-4] has warned that brine seepage in the beds will in
all probability lead to corrosion of the canisters. This contaminated water could find its way into
the Rustler Aquifer (which feeds the Pecos River and is located only around 1000 feet below
ground level) through the access shafts filled with disturbed salt or through boreholes created
by drilling.?

Even if this is only a very remote possibility (it is, indeed, one which we lack the technical
expertise to evaluate), the potential danger provides a powerful argument for marking the site.

In a real sense, there is little point in pressing further the argument that the site should be
marked for the simple reason that it already is marked (or will be if it is ever operational). So
much buried metal and radioactive material will leave a ‘‘signature’’ that scientists of the future
will have no difficulty in detecting. What we need to do, of course, is to ‘‘complete’’ the
marking by letting them know why it is there. Also, it is projected that after settling of the
excavated and filled salt deposits, ground levels will be depressed by at least a half foot. Even
today’s geologists and archaeologists can detect such a depression; those of the future will
presumably be able to do so even more readily.

It must be noted that marking the site is incompatible with the recommendation that after the last
drum is buried the site be restored to a pristine condition. We are sympathetic to
environmentalist concerns that WIPP leave no permanent trace on the landscape, but we feel that
in this case health and safety requirements outweigh aesthetic ones.

1.3.2 General Criteria for any Marking System

Any system for marking the WIPP site will have to be colossal in scale. Given the many huge
human-made structures in the world today and the many more that are likely to be built in the
coming centuries, a marker consisting of a small building or sculpture bearing a standard
commemorative plaque is unlikely to be effective. Many of these existing structures are in
cities, but others are in remote areas and thus potentially compete for attention with anything
marking the WIPP site. In the U.S. alone, there are dozens of National Battlefields, National
Historical Parks, National Memorials, and so on, most (like the WIPP) away from major

to allow other types of waste at the WIPP. They thus considered all scenarios, even those with a low probability.
Marker text will be finalized to reflect the contents at closure.

2 For related information from the SAND92-1382 authors, see p. F-153.
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conurbations and each containing statuary and commemorative markers. In order to avoid the
risk of the WIPP markers being confused with them and ignored (who in the 72nd century is
going to bother to have a dedication to some 19th century war hero decoded?), they and their
connecting structures have to be conceived of on a scale equivalent to that of the pyramid
complexes of Egypt. :

Put simply, the marking system must be on a sufficiently grand scale to provide future
generations with the motivation for going to the trouble to translate the message on the markers.
We have no doubt that, barring a global cataclysm that results in a pre-technological culture,
there will always be scholars in the world capable of translating the major languages of the
twentieth century. The question we must ask with respect to the markers is: Why should they
bother to do so? Inscriptions in ancient languages like Hittite, Lydian, Numidian, and so on are
readily translated for the simple reason that there are so few of them. But thousands of books
are now published each year on an acid-free paper that promises to survive the centuries. More
to the point, the world today is filled with durable structures, of which monuments are only one
type, most of which are marked with inscriptions of some sort. In short, because it is highly
likely that much written material from our culture will survive long into the future, no intruder
into the WIPP site will have the slightest interest in going to the (perhaps considerable) trouble
of having its markers translated unless he or she can be convinced that the importance of the site
would make not doing so perilous.

1.4 International aspects of marking

This panel is only the second to attempt a coherent design of a marker system for radioactive
wastes, and it is important that we think on a more encompassing scale than just for the WIPP
site. ‘

The previous panel, called the Human Interference Task Force, was convened for DOE by
Battelle’s Office of Nuclear Waste Isolation. See their 1984 report: BMI/ONWI-537. Reducing
the Likelihood of Future Human Activities That Could Affect Geologic High-Level Waste
Repositories [Ref. 1-2].

The disposal of radioactive wastes is an international problem, and although present political
boundaries shape many aspects of how the problem is being defined and handled today, it is
clear that these boundaries have absolutely no relevance to the generations of future millennia.
It is therefore essential that any WIPP markers be designed as part of a global system of marked
sites. Figure 1.4-1 gives a rough idea of how long-term disposal sites are likely to be scattered
around the world; by various measures the U.S. represents only one-sixth to one-third of the
total (for instance, about one-quarter of the world’s nuclear power plants are in the U.S.)
[Ref. 1-5].

We urge that an international standard be developed for the marking of long-term disposal sites.
A degree of commonality between sites all over the globe provides a redundancy that should
greatly enhance the likelihood of any given site’s markers working to deter intrusion. Even if
the markers at a given site become misinterpreted or baffling, their similarity to those at other
sites where the message is understood will provide a means for the message to be reinstated.
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Furthermore, if each site refers in some way to the specific locations of all other sites (as we
propose in Section 4.5.4), then it will be possible to reinstate the message even if a site’s marker
system has physically disappeared due to natural catastrophe or deliberate destruction.

The international standard should not dictate the details of design and construction for the entire
marker system. It would be both politically unrealistic and foolish from an engineering and
cultural point of view to try to do so. Instead, the standard must give a few basic design
features to which all marker systems must conform; each individual system will then
undoubtedly have many more components. Here is the type of standard that we envision:

Each site must:

(1) display its basic warning message

[what we call Level II in this report, 10-15 words]
in at least the following languages:

Chinese, Russian, English, Spanish, French, and
Arabic [the UN languages] and the local
language in common use if not otherwise listed;

(2) prominently display the international
radiation symbol flanked by horror faces;

(3) display in a protected chamber a world map of
all disposal sites, together with a standard
diagram [Fig. 4.5-6, and Section 4.5.4] that
geometrically allows their location to an

accuracy of at least 5 km; and

(4) include earthen berms to delineate the
disposal area with heights of at least 10 m.

This last standard is only an example, the important aspect of it is that there be some common
aspect to all sites that is large-scale, long-enduring, and not dependent on languages or graphics.

1.5 A systems approach...two major themes

This team’s thinking is founded on two major themes. The first theme states that the use of
communication technology cannot bypass the problem of the certain transformation and
succession of cultures, but use of fundamental and enduring psychology can. The second theme
states that the entire site must be experienced as an integrated system of mutually reinforcing
messages, and designed accordingly. These themes are discussed below.
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A system for bypassing the vagaries of cultural transformation: Most general models of
communications assume that sender and receiver co-exist in time, are to some extent known to
each other, and share a culture sufficiently similar to reduce cross-cultural noise.

In this project we face the unique problem of a sender and receiver living in epochs so
enormously time-distant from each other that we know little of what the political, economic,
symbolic, linguistic, social, and technological realms of probable future cultures will be like.
Further, we assume a succession of many such transformed cultures. As a result, much of the
past thinking on marking the site has focussed on the problems of cultural phenomena, and on
the probability of these phenomena enduring and being useful, especially the technology of
structures and materials, and the technology of communications, language, pictures, and
symbols. But precisely because they are cultural phenomena, they too will have an historically
predicted rapid rate and range of transformation, which makes most culture-related
prognostication uncomfortably speculative. Past assumptions regarding markers posit that this
discomfort could be reduced through better technologies. We strongly recommend an alternative
strategy, and have adopted it as a theme in our work.

This team’s fundamental premise is to cancel the time-borne cultural "distance" between sender
and receiver by concentrating on fundamental and enduring phenomena shared by all humans,
things that are species-wide now, probably always have been, and will continue to be,
phenomena, that is, that bypass culture(s), and have enormous endurance. Only such phenomena
can render moot the transformation of cultures. Such phenomena are ‘‘archetypal,’” called so
because they were already meaningful before the emergence of language and culture in human
evolution and because they are universal to human existence even with language and cultural
differences, and therefore, all cultures use them as their common basic material, transforming
them into each culture’s specific ways, what Joseph Campbell calls "ethnic variations." (Givens
[Ref. 1-6] cites many of these.)

The stuff of both our messages and our mode of communication is the fundamental psychic
structure of humans, their world-wide predilection for symbol formation, and the bonding of
meaning to form in species-wide archetypes.

This focus on archetypal forms-bonded-to-meaning assures survivability of content against all
events and processes that leave our species biologically unchanged. It focuses on meaning and
feeling content that is already in the mind and body before language, and thus is not dependent
on it. (In this report, the most extensive explication of what archetypes are, their origins and
behaviors are in Sections 3.2 and 5.4.)

The entire site as a system of communication: If archetypal meanings are to be transmitted, and
because these meanings originated during hundreds of thousands of years of our activity in an
experientially whole environment, they should be best communicated in and through an
experientially whole environment. Thus, our medium of communication is the entire
environment experienced near and at the WIPP site.:

This mode of experientially-whole environment-based communication cannot be achieved by
standing stone markers on an otherwise unchanged site...in fact, such designs may be easily
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misinterpreted. We choose to focus on the conscious design of the human experience of the
entire area and all its subelements, which is both the mode and the content of communication,
where meanings are bonded to and embodied in form.

We intend that all our physical interventions at the site serve as parts of a communications
system and that all elements of this system carry archetypal symbolic content...from the layout
of the entire site down to the location and shape of thermal expansion joints.

As well, we use the more culture-bound modes of communications such as languages and
diagrams, but these are used as part of a larger system of communications. This system is to
be one with great redundancy of messages and modes, so that even with some loss the goals of

the system are met.

As well as being conceived as (1) a whole communication experience, (2) having a systemic
character in which pieces are related in meaningful ways that add meaning, and (3) being
sufficiently redundant to endure loss of elements, we apply the principle of Gestalt, in which the
experience of the total communicated message is greater than the sum of its parts (even with
some parts missing or degraded).

Detailed guidelines for design of the site and its subelements so that they achieve these goals are
in Section 4 of this report.

1.6 On-site testing of markers

The problem of designing a system that will work for all imaginable societies over a period of
10,000 years is daunting. The fact that humans have designed and built systems that have
already survived for 5,000 years, however, allows us to believe that this is a feasible and
credible task. We also have the advantage that, as planned, the WIPP will not be sealed for at
least another 30 years. Although it is less than 1% of the design lifetime for the marker system,
30 years provide an important opportunity for testing. We strongly urge that a long-term
program for testing materials, structures messages, and concepts be 1mt1ated as soon as
possible.

The most obvious tests concern the longevity of structures (earthworks, monoliths, rooms),
materials (concrete, stone) and the longevity of engravings as they would be placed variously
at the WIPP site in the proposed marker system, e.g., 100 feet above the ground, at the surface
(with and without various types of protection from the elements) and underground.

A second class of tests is no less important: how well do our basic messages come through for
a wide variety of people and cultures? This panel is very unrepresentative of even U.S. citizens.
We are all white, highly educated, with only one female, one immigrant, two religious
traditions, and a 30-year age range between the participants. The overall site design and the
specific messages should be tested for efficacy on a wide variety of persons in the United States
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(various racial and ethnic groups, educational levels, etc.) and in other countries (including
undeveloped societies). ’

Another basic test becomes possible because of the long lead time before the final design of the
WIPP marker system. The final marker-design panel (in AD 2030?) can look back at the present
panel’s recommendations and gauge how ideas have evolved over 40 years. Stability and
consistency in the concepts for the major design elements would give them more confidence that
they have lasting value; disagreements in approach should cause some hard thinking about the
likely success of the markers.
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2. The Problem of Message

2.1 Message definition

Modern understanding of the communications enterprise shows that there can be little separation
of the content of a message from its form, and from its transportation vehicle. They affect each
other, and all of it is message. McLuhan and Fiore [Ref. 2-1] take that even further, arguing
that "the medium is the message." Given this, rather than our attempting to first articulate
messages, then to select their form, and then to design their vehicle, we choose to do as much
of this simultaneously as is reasonable, attempting to accomplish

® a Gestalt, in which more is received than sent,

o a Systems Approach, where the various elements of the communication system are linked to
each other, act as indexes to each other, are co-presented and reciprocally reinforcing, and

® Redundancy, where some elements of the system can be degraded or lost without substantial
damage to the system’s capacity to communicate.

Everything on this site is conceived of as part of the message communication...from the very
size of the whole site-marking down to the design of protected inscribed reading walls and the
shapes of materials and their joints. In this report, the various levels of message content are
described, as is the content of each level, the various modes of message delivery, and the most

appropriate physical form for each.

We obviously recommend that a very large investment be made in the overall framework of this
system, in the marking of the entire site, and in a communication mode that is non-linguistic,
not rooted in any particular culture, and thus not affected by the expected certain transformation
of cultures. This mode uses species-wide archetypes...of meanings bonded to form, such that
the physical form of the site and its constructions are both message content and mode of
communication. Thus, the most emphatically delivered message is the meaning-bonded-to-form
in the site itself. (See Section 4 for the message the site is asked to deliver.)

As part of a system of message communication, we recommend substantial use of verbal texts
and graphics, but with little emphasis on constructed, non-natural, non-iconic symbols. These
texts and graphics act as indexes to each other, and act as indexes across message levels. We
also suggest the site be marked so it is anomalous to its surroundings in its physical properties
such as electrical conductivity and magnetism.
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2.2 Message levels and criteria

2.2.1 Message Levels

Givens [Ref. 2-2] describes four information levels for the messages:

¢ Jevel I: Rudimentary Information: "Something man-made is here"

o Ievel II: Cautionary Information: "Something man-made is here and it is dangerous"

¢ Ievel III: Basic Information: Tells what, why, when, where, who, and how (in terms of
information relay, not how the site was constructed)

® level IV: Complex Information: Highly detailed, written records, tables, figures, graphs,
maps, and diagrams

Our discussions led to two expansions of Givens’ work. First, we decided that it was possible
to convey a sense of danger, foreboding, and dread without the use of language or pictures.
This would be done within the context of site design. Under these circumstances, what would
generally be considered as Level I components (e.g., earthworks) would be able to convey both
Level I and Level II messages. Second, we decided to have a fifth level that lay between
Givens’ Level IIT and Level IV. The new Level IV would have more detail than Level III but
still not be the complete rulemaking record. The latter level is now called Level V. Specific
examples of the different level messages are given in Section 4.6.2.

The general approach taken by the team is that the emphasis is on clarity and, where possible,
brevity. Overly long and complex messages will be too difficult and time-consuming to translate
to be effective. The message must be straightforward and neither understate nor overstate the
hazards of the site. The difficulty in formulating the message is that many normal human
activities, e.g., house building and farming, can occur on the surface without jeopardizing the
performance of the repository. Problems begin only when deeper drilling and excavation occur.

We decided against a large radiation symbol prominently displayed on a marker lest the potential
intruders take a quick reading, find nothing more than background radiation, and ignore the rest
of the message. We did decide that the incorporation of a radiation symbol was appropriate
within the larger context of the message. As a symbol, it could provide a link between textual
and pictorial information.

We decided against simple ‘“Keep Out’’ messages with scary faces. Museums and private
collections abound with such guardian figures removed from burial sites. These earlier warning
messages did not work because the intruder knew that the burial goods were valuable. We did
decide to include faces portraying horror and sickness (see Sections 3.3 and 4.5.1). Such faces
would relate to the potential intruder wishing to protect himself or herself, rather than to
protecting a valued resource from thievery.
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A
We decided against overstatement of the danger. The ‘“Touch one stone and you will die”’
approach is unacceptable because it is not credible. Inevitably, someone will investigate the site

in a non-intrusive manner. Nothing will happen to that person, and the rest of the message will
therefore be ignored. There was consensus, however, on the need to mark the site and on the
need to convey the dangers to the potential intruder.

We consider the key to a successful marking system to be a credible conveyance of the dangers
of disturbing the repository. We must inform potential intruders what lies below and the
consequences of disturbing the waste. If they decide that the value of the metal component of
the waste far outweighs the risks of recovering the metal, the decision is their responsibility, not
ours.

The warning information is divided up into multiple message levels and occurs in different
spatial configurations to prevent information overload. The Level II message is short and
simple. It is meant to function during the time the language is still readable by the intentional
intruder. If a sufficient amount of time has passed that the language is difficult to interpret or
needs to be translated, the Level III and Level IV messages provide larger blocks of text that
will be easier to translate.

The general guideline for the message levels is that they are linked or indexed. Any intruder
that can comprehend a given message level will be able to comprehend lower message levels.
At least two levels of information appear on or in any given component of the marking system,
thus allowing a link from lower to higher level messages. If there is not a physical link between
message levels on a given component, there is a linguistic ‘‘pointer’’ that there is another set
of information at the site.

2.2.2 Criteria

Givens [Ref. 2-2] presents criteria for a warning system for a nuclear waste disposal site. We
have addressed the criteria in our designs. The designs presented here use a mixture of iconic,
symbolic, and linguistic signs.

Iconic signs are used with written languages to convey information for message Levels II
through IV. Unlike Givens, the team had difficulty designing an iconic narrative that could
unambiguously convey complex information, such as contamination of the food chain and its
effects on human health. As he points out, a picture may be worth a thousand words, but it may
be difficult to determine which thousand words a set of pictures may evoke. We will be
interested to learn of B Team’s work in this area.

We in Team A, however, selected sample icons for use within the marker system. They are

limited in number, have emotional impact, and are not culturally bound. Section 4.5 gives
examples of the potential icons to be used within the marking system.
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Symbols do not play a large role in our marking system. The consensus within the team is that
symbols are culturally learned. For example, to know that a picture of a beetle means more than
a beetle when it appears on an ancient Egyptian tomb wall means that the viewer must be aware
that it was a symbol of rebirth. The dung beetle (scarab) rolls around its seemingly lifeless ball
of dirt only to have life burst forth from it. This became a metaphor for the beetle rolling the
ball of the sun (which gives life) across the sky. The sun disappears (dies) every evening and
is reborn every morning. Yet the significance of the scarab could be reconstructed because of
its context within language. In a similar manner, the marking system design incorporates the
radiation symbol, which has already been established as an international symbol for 40 years,
in multiple contexts to allow future readers to reconstruct its meaning.

We found that redundancy in many forms was crucial to the functioning of the marking system.
Both textual and non-textual (landscape architecture) methods are used to convey information
about the WIPP site. Symbols, icons, and language are used within the textual methods of
conveying information. Different languages are used as a means of redundancy within the last
category. Another form of redundancy is standardization of a general marking system design
and its use at all potentially hazardous radioactive waste disposal sites. This repetition enhances
the understandability of the message. WIPP should not be unique. An archaeologist prays to
find that unique site or object that will make her or his reputation. Then, when it is found, she
or he bemoans the fact that there are no comparisons that can be made to enhance our
understanding of the find.

Finally, the site will be marked even if we do not place a marking system there (see Section
1.3). The visual (e.g., surface depression) and non-visual anomalies (e.g., seismic profile) at
the site will attract further investigation. Our task is to give the potential intruder sufficient
credible information to allow him or her to decide whether to leave the site alone. (Informed,
intentional intrusion is not covered by the regulation.) To this end we use a mixture of durable
signs and sign vehicles to claim the area boldly as one set aside for a specific and special

purpose.

2.3 Which message level is necessary to deter intrusion?
2.3.1 Activities Near the Site

At the onset of this task, the Markers panel received an introduction to the WIPP site and
background information on the research to date. The introduction included a review of scenarios
developed by the Futures panel teams and the possible modes of intrusion by both near-site and
on-site activities. Follow-up information included performance assessments for several scenarios
involving intrusion by exploratory boreholes for hydrocarbons. The team considered subsidiary
markers at nearby towns to link with the marking system at the WIPP site itself. We decided
against this approach because (1) it was too easy to misinterpret the subsidiary marker as
indicating another smaller repository, and (2) it was too difficult to identify all the potential areas
where such activities would occur during the next 10,000 years. We believe that it is appropri-
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ate to place written information at nearby towns to inform the local population about the site and
the danger of activities that could affect its performance. There is a general request, however,
in the Level III message not to disturb the rocks or water at the site. This is a link between the
marking system at the site itself and off-site activities, and is consistent with the charge to the
Markers panel for an emphasis on preventing boreholes at and excavation of the site itself.

2.3.2 Activities at the Site

A Level I message without cautionary intent or higher level messages is insufficient to deter
intrusion. In fact, its presence will simply spur investigation. Therefore an earthwork without
cautionary content in its form or without associated higher level messages is not acceptable.

The consensus of the group is that message Levels I through IV should be present at the site
itself. Each message level will be repeated more than once in the marking system design for
the sake of redundancy.

Level V information, by its very nature and volume, is not suited to engraving on stone. It is‘
suited to the media of acid-free paper, microform, and electronic form (e.g., CD-ROM). These
can be reproduced relatively cheaply and dispersed into numerous libraries world-wide. (See

Weitzberg [Ref. 2-3] for more details on the dissemination of Level V information.)
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3. Components of a Marking System

3.1 Communications: site and structures

MODES OF COMMUNICATION:

Section 3 presents the general background to the modes of communication used to convey the
messages. Detailed examples implementing these thoughts are represented in Section 4.

3.2 General discussion: for the site as a whole and individual site structures

A major premise of our work is that the physical form of the entire WIPP and each and all the
structures on it can itself be a communication...through a universal, ‘‘natural language’’ of
forms.

Furthermore, a major component of the site’s communicative capacity is the importance we give
it. (One measure of importance is the sheer enormity of work done to mark it.) This
communication of importance cannot be achieved just through markers on the site. (The use of
vertical stone markers not only will not suffice, it well may introduce substantial message
ambiguity through their form alone. This is discussed later.)

The capacity to communicate meaning through physical form is based o~ an enduring human
propensity to experience common and stable meanings in the physical forms of things, including
the design of landscapes and built-places. Such communication operates in a different mode
from, and independently of, linguistic modes of communication. There is an emerging literature
on the ‘‘semantics of design’’ in architecture, landscape architecture, and industrial and product
design, some of it in our citations.

While some form-carried meanings are certainly based in or modified by cultures, others far
more basic both predate and thus transcend (or bypass) particular cultures, forming a
species-wide ‘‘natural language’” we are all either born knowing or learn from the early life
experiences that are common to human existence everywhere. These meanings-embodied-in-
form and communicated through form are archetypal, seem to vary little across cultures or
epochs, have already endured with us for over several hundred thousand years, and are expected
to endure unchanged for far longer than this project’s time frame of 10,000 years.

There are particular places (built-forms and natural and made-landscapes) that elicit powerful
feelings in almost everybody. These places feel ‘‘charged,’’ almost in an electric sense, and the
places seem filled with meaning. Most places, of course, are not charged and few are filled
with meaning. The places that do carry charge and meaning are sometimes beautiful, but at
least as many are ugly, awesome, or forbidding. Their importance is in their content (the
message), far more than their form, and the success of their forms is in their expressive
capacity, not their aesthetics.
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These meanings and feelings often come to people in places that are not even of their culture or
time. Obvious examples are the way Stonehenge and the painted caves [Ref. 3-1] of Altamira
[Ref. 3-2] and Lascaux [Ref. 3-3] evoke profound feelings in modern viewers. This stable and
common response to certain places thus seems to transcend particular cultures and particular
times. (Recent cross-cultural research in peoples’ preferences for types of landscapes supports
this.) It suggests an origin in something much broader than individual experience and older and
deeper than culture, something that is species-wide, part of what it is to be human.

3.2.1 The Concept of Archetypes

Why do the meanings attributed to and feelings evoked by certain types of forms recur so
frequently across cultures and epochs? A general answer is offered by work in such fields as
cultural anthropology, philosophy, evolutionary biology, semiotics, psycho-analytic theory,
mythology, and comparative religion, which suggest that such a phenomenon is explainable by
the presence of what some call ‘‘archetypes’® in us. Archetypes result from inherited
propensities to respond to certain forms, or to experience certain forms, in specific ways
affectively. Archetypal forms are those that evoke these responsive propensities. Archetypes have
always played an essential role in human physiological, social and spiritual functioning, evoking
feelings of anger, aspiration, nurturing, desire, community, order, and death, to name some of
the phenomena about which we still feel, think, and ponder most profoundly.

Many argue that the origins of our strong feelings and meanings in these special places come
from their resonance with something already inside us, like templates in the mind, which have
been called various names: Archetype; Imprint, Innate Releasing Mechanism, Primary Image;
Elementary Idea, Inherited Memory, Isomorph, Cosmic Model, Embodied Myth, Shadows,
Memory Deposit, Engram, and others. An archetype seems to be a naturally occurring creation
of human experience and human spirit, but not one fully explainable or explorable through
analytic modes of thought. We need not subscribe to theories of a ‘‘collective unconscious’’ or
to other explanations for archetypes in order to work effectively with such forms, as artists and
architects have been doing for centuries.

3.2.2 Archetypes Operating as a Natural Language

If the physical forms of places can communicate meanings, then places have a narrative capacity,
a capacity to tell us a story about ourselves. But like each of the symbolic forms (language,
dance, sculpture, myth, etc.) engaged in narrative, or re-presentation, form of place tells certain
stories well and certain ones less well, depending on the “‘fit’’ between each symbolic form’s
fundamental qualities and mechanisms and the stories it tries to tell. The best voice of place,
its most robust and effortless speaking, is through a natural language of spatial physicality. The
language is called ‘‘natural’’ because it is a language we do not have to learn...we seem to
understand it without learning it.

This is not a symbolic language that one must learn (through one’s culture), like the meaning

of the cross, the swastika, the trefoil radiation symbol, or that buildings done in Greek or
Roman styles today are somehow ‘‘more important.’’

F-40



Appendix F: Team A Report

Meaning is received by all the senses (including the haptic sense of body structure and postures),
by the mind, and is probably more felt than understood. It does not have precise meanings, but
rather, flickers of, bundles of, even a mosaic of meanings. No absolutely direct translation into
language is possible, or even appropriate. Places speak in another way.

As one example of the meanings inherent in a form, let us examine a particular form of vertical
stone marker, variously called stele, obelisk, standing-stone, and memorial column. These have
been historically and commonly used to commemorate honored phenomena. So, when a people
wish to remember an important relationship, event or personage, a location is dedicated to it and
often marked with an enduring and aspiring vertical form or sets of them. In natural language,
a vertical stone means: an aspiring connector between us (on earth) and an ideal (up there); that
we ‘‘stand up’’ with pride about this honored phenomenon. The marker is a symbolic
inhabitation of the place it occupies. Its size and workmanship is a sacrifice of much work and
resources to a memory. It is a strong suggestion (because we left it to them and it is of durable
material) that future people also give honor to the memorialized phenomenon. When we use this
particular physical form of the vertical marker, both its historic use as an honorific and its
meanings in natural language may well send a message that this is an honored place, a place
about a ‘‘good’’ both in our culture and in the culture of future observers. Such a message
would be inappropriate for the WIPP site. This discussion is not meant to discard use of
markers, but to re-examine some underlying assumptions and, perhaps, to place markers in the
context of a larger set of markings. The team recommends the use of vertical masonry markers,
if their form feels dangerous, more like jagged teeth and thorns than ideals embodied.

In any scenario(s) for the future, a natural language, one that is relatively independent of cultural
conditioning and can survive cultural discontinuity, offers a stable means of communication.
There are certain future scenarios, where natural language may become a most valuable means

of communication. It has, however, clear limitations on any message content needing the
precision of linguistic text. Only markers with durable pictograms and text, and off-site/on-site

archives can provide this precision. Our site design will function best when complemented with
more precise/specific modes of communication...but few other modes of communication have
the durability and power of natural language.

3.2.3 The Medium for Expression of Place-Archetypes

The materials best used to manifest the content of place-archetypes must be the very stuff of
place itself...that which differentiates place from all else. At its core, place is an
earth-grounded, sky-covered, sheltering and surrounding physical spatiality that we inhabit and
move through. From this, we can describe the basic elements from which places derive
meaning.

In the reaim of landscape and architectonic built-form the elements that constitute all built-form
and thus their meanings are: landform; location; fixity; markedness; substantiality; orientations
and direction; order, rhythm, and sequence; acknowledgement of celestial activity; center and
boundaries; dimensions and shapes; parts and wholes; enclosure and openness; passage and
penetration; views to and from; light and dark; time and movement; available energy; plant
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material and its cycles; building materials ordered and worked; surface manipulation; local
altering of climate; relationship to the near surround; inhabitation by the one and the many;
maintenance, care, and sacrifice; and use, retirement, and ruin.

There are messages that place-design can easily communicate. To speak of architecture and
landscape architecture as a ‘‘patural language’’ helps us to understand its capacity to
communicate, but does not help us to know how. If we use language as the ‘‘model’” for a
place’s capacity to communicate, we misunderstand it. It speaks in a different way.
Place-design can speak about all the following, and importantly for this project, about their
opposites as well: the flight from Chaos to Cosmos, and an ordering of intransigent nature;
transformation and ordering of materiality; locating and sheltering; a locus for inhabitation and
dwelling; safety and security; stability; an investment of energy; aspiration; nurturance; a focus
of care and maintenance; a declaring of value and values; and a way we represent ourselves to
ourselves, and others.

The “‘language’” is in and of form, and is multivalent, imprecise, and powerful. Yet, it is
clearly possible to develop design guidelines for places to act as communications of ideas in a
natural language of form. As an example, Brill [Ref. 3-4] developed design guidelines for
sacred space that embody and tell myths of the creation of the world, following the research of
Rapoport [Ref. 3-5] and Eliade [Ref. 3-6].

Some of the archetypal feelings and meanings we will explore in design of the markers for the
WIPP site are those of: danger to the body; darkness; fear of the beast; pattern breaking chaos
and loss-of-control; dark forces emanating from within; the void or abyss; rejection of
inhabitation; parched, poisoned and plagued land...and others. In the Design Guidelines in
Section 4, we describe the meanings we wish our site design and built-form to communicate.
The possible origins of archetypes are discussed in detail in one of the appendices, Section 5.4.

3.3 The appropriate use of graphics in marking

By ‘‘graphics’® we refer to design elements such as pictures, signs, drawings, pictographs,
cartoons, icons, and symbols. If language fails, these may provide a powerful means for
communicating our message. Even if language is understood, moreover, there are forms of

information that can be more succinctly and successfully transmitted by means of graphics.

Graphics pose problems, however, that must be carefully considered in their design.

3.3.1. Ambiguity

Graphics are likely to be ambiguous. Even for people who share a culture, they can, in the
absence of accompanying clarifying language, be subject to varying interpretations. Indeed, the
Thematic Apperception Test, used in clinical psychology, exploits precisely this kind of
ambiguity in a series of drawings of people in various situations, asking the person being tested
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to tell a story about what each picture seems to represent. The ‘‘biohazardous waste symbol’’
proposed by the Human Interference Task Force [Ref. 1-2] is an example of unintended
ambiguity. Some people to whom we showed it said it seemed to suggest that one should dig
in the direction of the downward pointing arrow. The symbol suggested digging claws to them.

3.3.2. Removal

Graphics are liable to be perceived as ‘‘art’ and to be removed. Such perception becomes
increasingly likely in the course of time as they become seen as relics of the art of a past
civilization to be displayed in museums or sold to art collectors. Witness what happened to the
stelae of the Maya.

3.3.3. Cultural Restrictions

Graphics are likely to be culturally restricted in meaning. There are no conventional signs, such
as the skull and crossbones,! for example, that convey the same meaning across cultures. A bar
across a picture of someone digging may suggest prohibition of digging to people now, but one
cannot be sure that it will not be seen as suggesting something positive about digging 3,000
years from now. Representations of human faces and human and animal figures tend to be
recognized for what they are, however, across cultural boundaries and millennia. For example,
we have no trouble recognizing such figures in the paleolithic cave paintings of Europe and in
prehistoric rock carvings and rock shelter paintings in Africa, Australia, and the Americas. We
can even recognize many of the activities in which the human figures in these paintings seem
to be engaged. But why these representations were put there and what the beholders should infer
from them are obscure and the subject of conflicting interpretations. Cross-cultural ambiguity
of this kind is especially likely with the use of cartoons.

3.3.4. Universal Expressions

Representations of human facial expressions of emotion and feeling, such as pain, anger, disgust,
and fear communicate in the same way universally, regardless of cultural differences. They
recommend themselves, therefore, for appropriate use in the design of the marker system.

! In Mexico, the bones are the repository of the life force, and thus the skull and crossbones would have a very
different meaning.
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3.4 The languages to be inscribed on markers
3.4.1 The Importance of Linguistic Markings

While it is possible that the content of pictures, icons, symbols, and so on that are devised today
might be recognizable to the average person 10,000 years from now, this is surely inconceivable
for written language. Languages are in a continuous state of change; linguists have no ability
to predict the course of this change and it is unlikely that they ever will. Certain changes in
pronunciation and grammar are more likely to occur than others, but languages are such complex
systems that any tendency to ‘‘simplify’’ one part of the system is likely to trigger complicating
effects in another. As a result, there is no general directionality to language change. Also, many
changes are effects of historical factors that no one can foresee. The primary reason that English
differs so profoundly from its closest Germanic relative Frisian (spoken in the northern part of
the Netherlands) is that speakers of the former, but not the latter, were conquered by
French-speaking Normans.

As a consequence, only ‘‘experts’” will be able to read written messages on the markers after
a number of centuries. Even so, linguistic markings are more important than iconographic ones
because the former are inherently less ambiguous. Again, barring some drastic cultural
discontinuity, there will always be scholars capable of reading the major languages of the
twentieth century. The existence of literally millions of texts (and accompanying grammar books,
dictionaries, and so on) will ensure that. However, it is not so obvious that the symbols that
seem obviously iconic to us today will be interpretable in centuries to come. For example,
considerably more effort must be expended in finding out the meanings of the alchemical,
zodiacal, and occult symbols that were in common use 500 years ago than of the words that they
represent. We suspect that 500 years from now, it will be correspondingly easier to uncover the
meanings of the English words ‘‘radioactivity’’ and ‘‘hazardous waste’’ than of the symbols now
used to denote them.

In conclusion, there must be written warnings as well as pictorial-symbolic ones.

3.4.2 Which Languages Should be Chosen?

Any decision about the languages of the markers must be based on a combination of factors, the
most important being the languages spoken at or near the WIPP site itself and the desirability
of having all waste-disposal sites around the world marked in the same languages.

3.4.2.1 Linguistic Demography of the WIPP Site

The language in daily use by the majority of the residents of Eddy County (in which both WIPP

and the city of Carlsbad are located) is English. The county has a sizeable Hispanic population
(although not as large as in other parts of New Mexico) with Spanish spoken by a minority of
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residents, most of whom are bilingual in English. The Mexican border, however, is only 150
miles away, and parts of west Texas and New Mexico in which Spanish predominates are even

closer. All projections agree that the percentage of Spanish speakers in this area will increase
steadily in the foreseeable future.

Eddy County is less than 1% Indian and does not contain a community of speakers of an Indian
language. There is a Mescalero Apache reservation about 120 miles to the northwest, with about
1,800 speakers out of a population of 2,000. There is no actively used written language,
however, and even the spoken language is severely threatened, as children are not learning it
or are learning it imperfectly. The huge Navajo reservation occupies the opposite corner of the
state from the WIPP site and extends into northeast Arizona. The Navajo language has 130,000
speakers out of a population of 170,000, many of whom live in Albuquerque and other towns
outside the reservation. The written language is in the healthiest condition of any indigenous to
North America; newspapers and books are published in it. Given current trends, Navajo should
last well into the next century; as only about a third of the children are becoming fluent
speakers, however, it too must be considered threatened.

3.4.2.2 The Choice of Languages

Which languages should the messages be in? English and Spanish are obvious choices, by virtue
of their being spoken in the area of WIPP and also being two of the most widely spoken
languages in the world. Our feeling is that if the scholars of future millennia cannot read current
English or Spanish, they won’t be able to read any language of today. However, because there
are good reasons to mark every radioactive waste site in the world identically, more languages
should be represented. Those of the United Nations are obvious choices: Arabic, Chinese,
French, and Russian, in addition to English and Spanish.

Markers in countries where none of the above is the local language (say, Japan) will also have
to be marked in that language. This means that (assuming that at least some markers will have
all languages represented) there will have to be space on the markers for a seventh language.
We suggest that the seventh language on the WIPP site markers be Navajo. While the immediate
area contains few if any Navajo speakers, marking in Navajo grants recognition to the fact that
Native American peoples predominated in the area for many thousands of years. Also,
Mescalero Apache, which is spoken relatively close to WIPP, is very closely related to Navajo.

It will be important to consult with the Navajos themselves to ensure that they feel that including
a message in their language is appropriate. After all, they may see it as a patronizing attempt
to appease them as one more desecration of what was once Indian land is carried out. That
Native peoples might not have an automatic revulsion at the idea of marking the WIPP site in
an indigenous language, however, is suggested by the fact that the President of the Mescalero
Apache Tribal Council, Wendell Chino, has recently received a Department of Energy grant to
investigate the possibility of storing radioactive waste on their reservation.
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There exists today a number of artificially constructed ‘‘international’’ languages, the most
notable of which is Esperanto. Millions of people in dozens of countries have had some
connection with this language, but the number of effective speakers is under 50,000. Study and
use of Esperanto has had its ups and downs. It peaked between the two world wars, and was
especially popular in the smaller European countries. Its effective death knell was sounded when
the U.S. and the Soviet Union joined forces to prevent it from becoming a working language of

the United Nations. We see no prospect of a widespread adoption of Esperanto, and do not
recommend it as a language of the markers.

3.5 Public information at the WIPP site

A marking system whose message is intelligible to the current community has a higher
probability of long-term understandability than a marking system whose message is unknown or
unintelligible to its present-day audience. In this section, we present several options for
enhancing the preseni-day level of knowledge in order to plant the seeds for future
understanding. -

There is a specific purpose for including such efforts to inform the public as part of the marking
system. The Futures panel identified pressure to drill for oil and gas to be intense over the next
two centuries. (Beyond that, the sources will have been exhausted and other energy supplies
must be found.) The period of active institutional control for which credit can be taken is 100
years. Therefore, there is a 100-year window when there may be intense pressure to drill at the
WIPP site. This 100-year window comes at the beginning, when the wastes are most dangerous
(particularly if high-level waste is ever included at WIPP).

No funding for these public information efforts is assumed beyond the 100-year period of active
institutional control. A high level of awareness at the beginning of the 100-year window will
help protect the site during this period. In many cases, what is proposed below would have
already been considered as part of the Department of Energy plans for public information and
involvement for WIPP.

~—

3.5.1 Public Involvement in Marking and Publicizing WIPP

Before a final decision is made on how to mark the WIPP site, a diverse sampling of local
perception of proposed markers should be gathered. The sample should include a cross section
of whites, blacks, and Indians; ‘‘Anglos’’ and Hispanics; men and women; and people from a
wide range of social classes and occupations. Publicity about the site must be aimed effectively
at the public generally, in all its diversity.

'3.5.2 Off-site Archiving

Any mining or other venture which might tap the buried radioactive waste is likely to be initiated
from a city at some distance from the WIPP site. All pertinent facts regarding WIPP should thus
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be filed with any governmental agency, mining company, and so on that we can imagine having
an interest in exploiting the site. Given the prospect of increasing multi-national ventures, these

bodies are as likely to lie outside the United States as inside. There is no way, of course, of
guaranteeing that the relevant information will be passed on to successor bodies over the
centuries; the best we can do is hope that it will be.

3.5.3 Empty Space for Reinscription

Blank spaces should be left on all structures capable of taking inscriptions to allow for
reinscribing the message in the contemporary local languages or copying from other message
bearing stones at the site in case of defacement (see Section 4.4.9.3 and Figure 4.3-18).
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4. Criteria for a Marking System with Examples

4.1  Site design guidelines for a design of the entire site, so it is a major component of
a system of messages

The Design Guidelines herein will be largely performance-based, that is, they describe how the
design must perform, rather than what it must look like or be made of. These guidelines can,
in turn, be used as criteria to evaluate designs. Because performance-based design guidelines do
not describe the design, but rather what the design must do, several alternative designs can be
developed in response to the guidelines. We have developed designs using the design guidelines,
both as a test of the utility of the guidelines and as an expression of the team’s preferred
solutions. Because all the designs cover the entire interment, and then some, we refer to them
as ‘‘site designs.”” These designs are presented in Section 4.2.!

The various site design issues may be listed as follows:
e The site must be marked.

o All levels of message complexity should be located on-site. Thus, communication vehicles
for information at Levels I, II, III, and IV should be on the WIPP site and available to
humans. As well, this team has developed specific message content for each level,
presented later in Section 4.6.

e The design of the whole site itself is to be a major source of meaning, acting as a
framework for other levels of information, reinforcing and being reinforced by those other
levels in a system of communication. The message that we believe can be communicated
non-linguistically (through the design of the whole site), using physical form as a ‘‘natural
language,’’ encompasses Level I and portions (faces showing horror and sickness) of Level
II. Put into words, it would communicate something like the following:

This place is a message...and part of a
system of messages...pay attention to it!

Sending this message was important to us.
We considered ourselves to be a powerful culture.

This place is not a place of honor...no
highly esteemed deed is commemorated here
...nothing valued is here.

! In this discussion and then later in the descriptions of the designs that test these design guidelines we will use
the expression "the Keep" to define an area whose size and shape is the "footprint” or the vertical projection
on the site’s surface of the final interment area. Our team’s analysis suggests that the final footprint may be
larger than currently shown because of both migration of radionuclides in the salt and future expansion.
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What is here was dangerous and repulsive to us.
This message is a warning about danger.

The danger is in a particular location...
it increases towards a center...the
center of danger is here...of a
particular size and shape, and below us.

The danger is still present, in your time, as
it was in ours.

The danger is to the body, and it can kill.

The form of the danger is an emanation
of energy.

The danger is unleashed only if you
substantially disturb this place physically.
This place is best shunned and left uninhabited.

e All physical site interventions and markings must be understood as communicating a message.
It is not enough to know that this is a place of importance and danger...you must know that
the place itself is a message, that it contains messages, and is part of a system of messages,
and is a system with redundance.

e Redundancy of message communication is important to message survivability. Redundancy
should be achieved through: (a) a high frequency of message locations, permitting some to
be lost; (b) making direct and physical links among message levels, that is, ‘co-presentation’’
of messages; and (c) multiple and mutually reinforcing modes of communication.

It is expected that the number of presentations of messages will decrease as the message
complexity (or Level) increases. Thus, there will be many more presentations of Level II
linguistic messages than of Level IV.

While the system of marking should strongly embody the principles of redundancy, at the
same time the methods of achieving redundancy should be carefully designed to maintain
message clarity. Redundancy should not be achieved at the expense of clarity.

e The method of site-marking must be very powerful to distinguish this place from all other
types of places, so that the future must pay attention to this site. The place’s physical
structure should strongly suggest enhanced attention to itself and to its subelements. To
achieve this, the volume of human effort used to make and mark this place must be
understood as massive, emphasizing its importance to us. The site’s constructions must be

F-50




Appendix F: Team A Report

seen as an effort at the scale of a grand and committed culture, far beyond what a group or
sect or organization could do.

About scale: ‘“Scale’’ refers to theperceived size relationship between a human and something
else (like a house or a chair or a site). When the size of a thing gets far larger than a person,
changes in scale are not easily perceived or are experienced as irrelevant. Thus, there is little
difference to a person at ground level whether an earthwork is 1 mile or 2 miles long. These
distances are experienced as much the same. What we propose as a marking for this site is
already at a scale where it could be somewhat smaller or larger with no loss of meaning. And
further, if the design were to be replicated elsewhere, it could be (somewhat) scaled up or
down with no loss of meaning.

® Vertical masonry markers alone are simply not enough to accomplish our purposes. They are
not large enough, nor frequent enough, nor sufficiently distinguishing from other sites alréady
so marked; and their use elsewhere may well make their use here somewhat trivial and
certainly ambiguous. If only markers are used here, they will be seen as much like markers
on other sites, which are generally sites of far less import, and also tend to be marked because
they are honorific or commemorative, the opposite of the message we seek to send.

® Use a system of markings that utilizes the whole site as an enormous mark, and that includes:
smaller markers; high points to climb to from which to view the entire site; walls and places
to be in that co-locate viewers with messages...an organized environment. Consider the
possible retention of a currently existing structure for symbolic purposes only, as a decaying
massiveness.

As for use of existing-site structures, if we assume no active institutional control, the
only current above-ground site structure that might endure for a substantial portion of the
10,000 years would be the thick-walled concrete ‘‘hot’’ cell. The other buildings will
decay, or more probably be stripped of their valuable building materials for re-use.

The “‘hot’’ cell may be put to symbolic use by incorporating it into the site’s design, as
a mute artifact suggesting something ‘‘strong’’ that needed to be contained, although
from its large door size, a thing that had to be easily accessible and thus was (probably)

not treasure. And, because the ‘‘hot’’ cell’s openings are randomly placed, rather than
symmetrical, it would tend not to be mistaken for an honorific or privileged structure.
If the ‘‘hot’’ cell is kept, it should not be located in the geometric center of any open
space, which would symbolically elevate its importance.

e While this system of markings should represent an enormous effort and investment of

resources on our part, the construction itself should be of materials of little value, and the
workmanship should not bestow any value through elegance of craft or artistry. Doing
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substantial work on materials of little value suggests that the place is not commemorative of
phenomena highly valued by the culture that made it, but as marking something important yet
quite unvalued...not a treasure, but its opposite...a location of highly devalued material
(‘‘dangerous garbage’’ or an ‘‘un-treasure’’).

* The place should not suggest shelter, protection or nurture...it should suggest that it is not a
place for dwelling, nor for farming or husbandry. This would be most strongly communicated
if the place obviously tries to deny inhabitation and utilization. It might best be designed as
a place difficult to be in, and to work in...both actually and symbolically. Given this, the
center of the place should reject rather than embrace. Any attractive focus on/near the center
would suggest welcome, and by extension, occupancy and utilization.

¢ We believe there is no physical barrier we can devise that (some) future technology cannot
breach, and any attempt to bar entry physically to the Keep can and will be breached (by
cutting through it, going under it, or coming down from above). Thus, any ‘‘barrier’’ placed
around the Keep can only be purely symbolic, and should be used to enclose it only in a
spatial sense rather than to attempt a fortification or a security barrier.

® As to the meaning of ‘‘center’’: physically to mark the WIPP site in any way makes it a
different place from the surrounding desert, and creates a ‘‘figure’’ against a ‘‘ground.’’ It
makes a center in the desert.

¢ For human beginnings, making a center (‘‘here we are’’) is the first act of marking order
(Cosmos) out of undifferentiation (Chaos). All further meanings of ‘‘center’’ derive from this
original positive valence. The meanings of ‘‘center’’ have always been as a highly valued
place or a gathering place...the holy of holies; the statue centered within the temple, itself
centered within the settlement; the dancing ground; the sacred place as the physical and
spiritual center of a people, etc. In this project, we want to invert this symbolic meaning, to
suggest that the center is not a place of privilege, or honor, or value, but its opposite. In
symbolic terms, we suggest that the largest portion of the Keep, its center, be left open, and
few (if any) structures placed there, so that symbolically it is: uninhabited, shunned, a void,
a hole, a non-place.

¢ As for the geometric center, placement of anything at dead-center of the Keep would suggest
that it is of the utmost importance, occupying the place of greatest privilege. We do not
believe there is any one thing that can or should play that role on this site. (For example,
someone might suggest that the highest Level IV of information might be placed at the center.
But because a Level IV message may be gibberish to some intruders, while a Level II message
would be well understood, no level of message is more important than any other, and no
particular message or level is important enough to occupy the most privileged location.)
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® Design of the entire site and its subelements should avoid those forms that humans regularly
tend to use to represent the ‘‘ideal,’” ‘‘perfection,’’ or ‘‘aspiration.”’ Aspiring forms are
sky-reaching verticals, the obelisk, for example. Ideal and perfect ones are the perfect forms
of symmetrical geometry (spheres, pyramids, hexagons) and of regular crystalline structures
or polyhedrons. If such forms are used, we suggest their perfection be undermined through
substantial and obviously meant ‘‘irregularity,’’ as if its builders knew about the ideal and
perfection, but asserted that this place is not about them. More appropriate types of forms
to use are amorphic or jagged and horizontal, a deliberate shunning of the values of
‘‘perfection’’ or ‘‘aspiration.”’

¢ A major site-delivered message is that this place is ominous, not to be disturbed. This Level
II message can be delivered both through site design and through ‘‘reading walls,’’ discussed
later. Message levels will probably be delivered in a sequence, but no level of message is
more valuable than another. The design should incorporate this parity of levels. While Level
IV information is certainly the most complete and detailed of all our communications at the
site, there are certainly plausible future scenarios under which it will be of less value than a
Level II message, or even of no value at all, even if seen. Thus, Level IV is more complex,
but not a more valuable message to us (or future people), and its location should symbolically
bestow no more value or privilege on it than on other message levels.

* The design should provide a general sense of the magnitude, shape, and location of the
original danger. Because there is no apparent danger at the site’s surface, the design makes
it clear that the danger is below and threatens to escape. The site design should also articulate
that the dangerous material is bounded, has a substantial footprint that is of a certain shape.
Going out from this on-surface imprint might be concentric bands designed to signify
diminishing danger. It is not necessary to mark the Land Withdrawal boundary; it is a legal
boundary that will be meaningless in a few centuries.

¢ The enormity of this site’s undertaking and its shape should be visible and comprehendible
in its entirety, as a panorama. A panorama, the ‘‘seeing-all’’ from an altitude, is an ancient
human metaphor for knowing, and seeking it is natural. Thus, provide elevated points for site
viewing (mound, ziggurat, tower...all of which can be climbed for viewing).

e The site-marking system should also function as a locator for multiple concepts of location and
should:

locate the site in relation to local centers of pop-
ulation of our time (which may contain archives
as part of the information system);
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locate this site in relationship to other disposal
sites in the world;

locate the viewer (‘‘you are here’’) on all three
spatial axes in relationship to the entire site and
its subelements, and to the hazard;

locate the construction of this site in time; locate
all on-site positions of Level III and IV messages.

¢ The place should be understood as both special and ominous from the air and from a distance.
This implies a scale of construction whose heights are substantially greater than dunes, and
whose overall pattern strongly differentiates it from desert.

¢ Maintain an approach and access to the place; permit and welcome access while suggesting
the possibility of danger. Approached from ground level, information about the danger of the
place should be available before you enter the Keep. From any point in the Withdrawn Area,
a person must perceive that there is a direction of more or less danger, a gradient. Because
it is probable that you cannot ‘‘see’’ the whole place from the ground, each part you
encounter must point to a beneficial direction towards which to move.

As for details of the place and markers, we note the following:

* Inscribed messages need to be protected from future tourists taking pieces home as souvenirs.
While messages need to be visually accessible, they should not be physically reachable. Thus,
consider messages engraved high on hard-to-climb markers; message walls separated from
viewing positions by a greater-than-jumping-distance chasm, etc.

¢ Because today’s languages are not expected to be comprehensible to people other than future
language scholars, part of the linguistic message should be an urgent request to update
linguistic messages, fo re-inscribe the messages as languages change. The physical design of
message places should suggest and welcome such reinscription, perhaps by providing a
sequence of ‘‘empty’’ markers near the original ones, or empty spaces’ on markers.

® Wherever, possible, use design principles in which the intended performance of something is
not diminished as. it degrades or fails. So the design of the place, and its construction,
materials and configurations should gain, rather than lose, communicative capacity as parts
erode over time, or as pieces are removed. Erosion or dismantling should expose new
messages or reinforce them. (For example, in a wall built of stones, also inscribe messages
on the surfaces not exposed, adjacent to the faces of other stones, so if the stone is removed,
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fresh messages appear. Because they are the same messages, curiosity should be reduced
about what the next stone says.)

® The shape of built-structures (markers, walls, sculptural forms...) should enhance their
durability. For example, we might use curved and bowed forms to:

““/dish’’ wind-driven sand, which otherwise acts as
an eroder;

have no sharp corners or arises, which are the
first parts of faceted forms to spall and erode;

use materials whose geometry makes them poorly
suited for reuse as a building material elsewhere
...(shapes on which too much work would need
to be done to make them geometrically suitable
for re-use construction);

protect other forms whose durability is more im-
portant.

¢ Inscriptions of the simplest linguistic and pictorial messages (Level IT) should occur with more
frequency than Levels Il and IV inscriptions, and many of them should be fully accessible
to message-viewers, implying their placement at external locations. These frequently
occurring inscription locations should be reasonably protected from direct attack by.eroding
forces. As an example, for an inscription on a wall, consider locating a second wall, higher
and wider than the inscribed one, in a position that protects the inscribed wall and yet permits

comfortable viewing by a few people. This second wall is ‘sacrificed’’; it will erode to save
the other.

¢ As for location(s) of Level IV information: While there certainly should/will be off-site
archives for Level IV messages, and their locations described on-site, there must be Level IV
message(s) available at the site to guarantee its availability. Continued retention and
maintenance of archives elsewhere imply a highly improbable level of institutional control.
Thus, at the site, there should be several locations for Level IV messages.

¢ Design of Level IV message places must recognize that a Level IV message, in any one
language, takes up far more space than all others (about 10 times more than of Level IIT) and
also involves non-text graphics such as diagrams and tables, further increasing space needs.
We expect fewer Level IV messages at the site and a lower level of redundancy for this most
complex level of message. Thus, Level IV message must have a high probability of enduring
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at the site. Only things unexposed to climatic cycles of change can endure. Thus, we
recommend that each location of Level IV information be contained in an enclosed room

whose exterior surfaces are protected from wind erosion and change cycles. So, provide for
concrete or stone rooms underground, or embedded in earth/rubble above ground. (See the
design drawing of Level IV room, Section 4.3, Fig. 4.3-17.) Consider as well some Level
IV rooms at successive depths, revealed over time through site activities at the' site.

In these rooms, we recommend the following:
® Messages be engraved in stone, primarily on vertical surfaces.

¢ Periodic table of the elements and astronomical drawings be inscribed on tilted stones at table
height, the tilt clarifying which is top and which is the bottom of drawings.

e Messages be of a type size and at a height readable by a standing or seated individual (an area
of inscription between 3- and 8-feet high would be optimum for a standing person to read).

® Relationship between type size and viewing distance affects both legibilit'y and the amount of
wall space needed for messages.

¢ The principle of redundancy éuggests that several layers of message-on-stone be available in
case a future people removes a set for study.

¢ The message-on-stone layers should be of identical stone materials and shaped to reduce their
desirability as a building material (perhaps with odd shaped edges and bumpy backs).

¢ Several entries to each room be provided, each of them a removable stone or concrete plug
that can slide into/out of an opening about 2 1/2 feet square, large enough for human entry
but too small to remove stone message panels intact. These entries should be marked so that
excavators can find them easily.

® Room size should be dependent only on type size and viewing distance, message length, and
number of languages. The room’s purpose is to be seen as entirely pragmatic, a ‘‘message
center’’ rather than symbolic or sacred.

¢ Overall comprehension can be reinforced by prominent sculptural models of the site showing
on-surface and sub-surface elements of the site and the original location of the waste. The
models should have scale, in relationship to themselves, to a person, or to the site.

Following this presentation of overall Design Guidelines is a set of designs that act as examples

of these guidelines in physical form; as tests of the efficacy of the guidelines; and as a
presentation of this team’s preferences in design. There are several major families of design,
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demonstrating the range of responses possible and, also, that the guidelines are capable of
multiple interpretations.

As well, there are design drawings of a Level 4 underground room, above-ground message
walls, and ways to make durable symbolic structures.

These Design Guidelines are further enriched by a more detailed analysis (in Section 4.4) of the
endurance and behavior of materials and structures, both above ground and below ground.

4.2 Design options

Presented on p. F-60 are several alternative designs for the entire site, followed by designs for
some particular spaces on it. These designs are based on the Design Guidelines just presented
and thus act as tests of the efficacy of the guidelines. Of the many designs developed and
reviewed, these are also the design solutions most preferred by the team. The designs utilize
archetypal images whose physical forms embody and communicate meaning. We have given
them names, both for identification and as verbal images for each. They are:

Landscape of Thorns (Figs. 4.3-1, 4.3-2)

Spike Field (Figs. 4.3-3, 4.3-4)

Spikes Bursting Through Grid (Figs. 4.3.-5, 4.3-6)
Leaning Stone Spikes (Fig. 4.3-7)

Menacing Earthworks (Figs. 4.3-8, 4.3-9)

Black Hole (Figs. 4.3-10, 4.3-11)

Rubble Landscape (Figs. 4.3-12, 4.3-13)
Forbidding Blocks (Figs. 4.3-14, 4.3-15).

Some designs use images of dangerous emanations and wounding of the body. Some are images
of shunned land...land that is poisoned, destroyed, parched, uninhabitable, unusable. Some
combine these images. All designs entirely cover or define at least the interment area, called
here the Keep.

Shapes that hurt the body and shapes that communicate danger: Danger seems to emanate
from below, and out of the Keep in the form of stone spikes (in Spike Field and Spikes Bursting
Through Grid--Figs. 4.3-3 to 4.3-6 and Leaning Stone Spikes--Fig. 4.3-7), concrete thorns (in
Landscape of Thorns--Figs. 4.3-1, 4.3-2), and zig-zag earthworks emanating from the Keep (in
Menacing Earthworks--Figs. 4.3-8, 4.3-9). The shapes suggest danger to the body...wounding
forms, like thorns and spikes, even lightning. They seem active, in motion out and up, moving
in various directions. They are irregular or non-repetitive in their shape, location and direction.
They seem not controlled, somewhat chaotic.
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In the three designs that use ‘‘fields’’ of spikes or thorns, these spikes or thorns come out of,
and define the Keep, so the whole area that is dangerous to drill down into is so marked.

‘‘Menacing Earthworks’’ (Figs. 4.3-8, 4.3-9): Immense lightning-shaped earthworks radiating
out of an open-centered Keep. It is very powerful when seen both from the air and from the
vantage points on the tops of the four highest earthworks, the ones just off the corners of the
square Keep. Walking through it, at ground level, the massive earthworks crowd in on you,

-dwarfing you, cutting off your sight to the horizon, a loss of connection to any sense of place.

The large expanse of center is left open, with only two elements in it: the WIPP’s existing
thick-walled concrete hot cell, left to ruin; a walk-on world map showing locations of all the
repositories of radioactive waste on earth and a 50-foot wide map of New Mexico (Fig. 4.3-16),
with the WIPP site in the geometric center of the Keep. The entire map is domed in order to
shed sand blown by the wind. Underneath the slightly domed map a Level 4 room is buried
(Fig. 4.3-17). Four other rooms are located under the four tallest earthworks. Reading walls
(Fig. 4.3-18) are strewn between the earthworks, encountered before the Keep is entered.

Shunned land...poisoned, destroyed, unusable:

“Black Hole”” (Figs. 4.3-10, 4.3-11): A masonry slab, either of black Basalt rock, or
black-dyed concrete, is an image of an enormous black hole; an immense nothing; a void; land
removed from use with nothing left behind; a useless place. It both looks uninhabitable and
unfarmable, and it is, for it is exceedingly hot part of the year. Its blackness absorbs the
desert’s high sun-heat load and radiates it back. It is a massive effort to make a place that is
fearful, ugly, and uncomfortable.

The heat of this black slab will generate substantial thermal movement. It should have thick
expansion joints in a pattern that is irregular, like a crazy-quilt, like the cracks in parched land.
And the surface of the slab should undulate, so as to shed sand in patterns in the direction of the
wind.

‘‘Rubble Landscape’’ (Figs. 4.3-12, 4.3-13): A square outer rim of the caliche layer of stone
is dynamited and bulldozed into a crude square pile over the entire Keep. This makes a
rubble-stone landscape at a level above the surrounding desert, an anomaly both topographic and
in roughness of material. The outer rim from which rubble was pushed inwards fills with sand,
becoming a soft moat, probably with an anomalous pattern of vegetation. This all makes for an
enormous landscape of large-stone rubble, one that is very inhospitable, being hard to walk on
and difficult to bring machinery onto. It is a place that feels destroyed, rather than one that has
been made.

‘‘Forbidding Blocks’’ (Figs. 4.3-14, 4.3-15): Stone from the outer rim of an enormous square

is dynamited and then cast into large concrete/stone blocks, dyed black, and each about 25 feet
on a side. They are deliberately irregular and distorted cubes. The cubic blocks are set in a
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grid, defining a square, with 5-foot wide ‘‘streets’’ running both ways. You can get ““in”’ it,
but the streets lead nowhere, and they are too narrow to live in, farm in, or even meet in. It
is a massive effort to deny use. At certain seasons it is very, very hot inside because of the
black masonry’s absorption of the desert’s high sun-heat load. It is an ordered place, but crude
in form, forbidding, and uncomfortable.

Some blocks can be of granite, or faced with it, and carry inscriptions. Their closeness to other
blocks reduces their exposure and increases their durability.

Note our use of irregular geometries and the denial of craftsmanship. None of our designs use
any of the regular or ‘‘ideal’’ geometric forms, and only crude craftsmanship is sought, except
for the precision of engraved messages. Why? The geometry of ideal forms, like squares and
cubes, circles and spheres, triangles and pyramids is a fundamental human invention, a seeking
of perfection in an imperfect world. Historically, people have used these ideal forms in places
that embody their aspirations and ideals. In our designs, there is much irregularity both of
forms and in their locations and directions, yet done by people with obvious knowledge of pure
geometry. This shows an understanding of the ideal, but at the same time a deliberate shunning
of it...suggesting we do not value this place, that it is not one that embodies our ideals.

The same is true of craft and workmanship. Historically, people use good workmanship to
bestow value on things they value. In most of our schemes, the structures that cover or define
the Keep’s ‘‘cover’’ are made crudely, or of materials that prohibit workmanship (such as
rubble, or earthworks, or a large slab). At the same time, we make an enormous investment
of labor in these rude materials. It speaks of a massive investment, but one not tinged with
pride or honored with value-through-workmanship.

About durability: All the designs, except one, have a high probability of lasting 10,000 years.
This is because of their conformity with the guidelines for materials durability in Section 4.4.

The concrete structures of the Landscape of Thorns have projecting, cantilevered elements that
will have tension on their upper surfaces, causing minute cracks. These cracks will accelerate
local decay. Until new materials are available, or new methods for tensioning concrete
members, we cannot ‘‘guarantee’’ the durability of this design. However, we present it here
because of its strong emotive character. ‘
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4.3 A visual depiction of various design options

Pages F-61 to F-78 show various designs described in Section 4.2. These designs are:

Figure 4.3-1
Figure 4.3-2
Figure 4.3-3
Figure 4.3-4
Figure 4.3-5
Figure 4.3-6
Figure 4.3-7
Figure 4.3-8
Figure 4.3-9
Figure 4.3-10
Figure 4.3-11

Figure 4.3-12

Figure 4.3-13

Figure 4.3-14
Figure 4.3-15
Figure 4.3-16
Figure 4.3-17

Figure 4.3-18

Landscape of Thorns, view 1 . ... ... ... ............ F-61
Landscape of Thorns, view2 . ... ... ... ........... . F-62
Spike Field, view 1 . . ... ... ... ... ... .. . F-63
Spike Field, view 2 . . . . . . . .. .. it e . F-64
Spikes Bursting Through Grid, view 1 ... ............ . F-65
Spikes Bursting Through Grid, view2 . .............. . F-66
Leaning Stone Spikes . . . . .. e e e e e e e e e e . F-67
Menacing Earthworks, view 1 .................... . F-68
Menacing Earthworks, view2 ........... .......... F-69
Black Hole, view 1 . . . . . ... ... ... . F-70
Black Hole, VIEW 2 . . . . . o v it e e e e et . F-71
Rubble Landscape, view 1 . . . ... ... ... ... ........ . E-72
Rubble Landscape, view 2 . . . . ... ... .. ... ... . F-73
Porbidding BIOcKS, VIEW 1+ . . oo v oo v o s e e s . F-74
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