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ABSTRACT

The U.S. Environmental Protection Agency requires the use of passive institutional controls
(PICs) to discourage future generations from inadvertently intruding into the Waste Isolation Pifot
Plant (WIPP) waste repository and the contiguous 16 sections. The controls are to include
markers, records, archives, and government ownership and land-use restrictions. Credit may be
allowed in performance assessments for these controls to reduce the frequency of inadvertent
intrusion for several hundred years after disposal.

A task force was formed to estimate the credit for the passive controls for the WIPP repository.
The estimate was constrained by the use of existing conceptual designs of these controls, the use
of historical analogues for the endurance of matenals and structures, the consideration of possible
failure modes for each control, and the regulatory assumption of societal “common
denominators.”

Because of the redundancy of messages to be built into the passive controls, human error was
identified by the task force as the only mechanism that could result in inadvertent intrusion for the
10,000 years of regulatory concern. An examination of 80 years of drilling records for the New
Mexico portion of the Delaware Basin identified no instances of the mislocation of drilling sites
due to human error. The task force concluded that the failure of passive controls to correctly
communicate the location and hazards of the waste, thereby deterring inadvertent intrusions for
the first several hundred years of performance assessments will be no greater than 0.01. This
failure rate is a bounding value intended to account for possible failure mechanisms that the task
force failed to 1dentify.
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EXECUTIVE SUMMARY

The Waste Isolation Pilot Plant (WIPP) is an experimental facility located in bedded-salt deposits
in southeastern New Mexico that i1s owned by the U.S. Government and operated by the U.S.
Department of Energy (DOE). This facility 1s being evaluated as a permanent disposal location
for transuranic waste produced by defense-related activities and programs. To demonstrate
suitability, the DOE must comply with the performance criteria established by the U.S.
Environmental Protection Agency (EPA) in Environmental Standards for the Management and
Disposal of Spent Nuclear Fuel, High-Level and Transuranic Radioactive Wastes, Final Rule
(40 CFR Part 191). Four main provisions apply to the postdisposal performance criteria:

(1) probabilistic radionuclide release limits to the accessible environment (§ 191.13),

(2) additional assurance requirements to supplement the natural radionuclide-containment
capabilities of the disposal system (§ 191.14), (3) dose limits to individuals for undisturbed
conditions (§ 191.15), and (4) protection of underground sources of drinking water from
radionuclide contamination for undisturbed conditions (§ 191.24). With the exception of the
qualitative assurance requirements, each of the other performance criteria is based on

10,000 years of regulatory concern after disposal.

One of the Assurance Requirements (§ 191.14[c]) 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" (50 FR 38086c). Another role for the
passive institutional controls (PICs) was identified by the EPA with the promulgation of Criteria
Jor the Certification and Re-Certification of the Waste Isolation Pilot Plant's Complicmce with
the 40 CFR Part 191 Disposal Regulations; Final Rule (40 CFR Part 194). This role (§ 194.43)
allows credits for PICs to reduce the frequency of inadvertent human mtrusion into the WIPP
disposal system for the performance assessments (PAs) required to address the Containment
Requirements of § 191.13.

The PICs Task Force (PTF) was created by the DOE to assess the level of correct communication
of the location and hazards of the waste that a system of PI1Cs, conforming to the design
considerations of the Assurance Requirements, would have in the context of reducing (i.e.,
deterring) inadvertent intrusion frequencies for PAs. Guidance about societal “common
denominators” was identified in EPA’s Compliance Application Guidance for 40 CFR Part 194
(EPA 402-R-95-014). These “common denominators” were a partial list that are a foundation for
a “prudent extrapolation for the future state assumptions established in § 194.25.” The PTF
defined additional assumptions (“common denominators”) for use in assessing the effectiveness of
PICs.

In order to assess the effectiveness of the PICs in deterring inadvertent intrusion, the PTF
examined the DOE's conceptual designs of the PICs components that will form an integrated
system of PICs. This system will be composed of monuments and other markers that will be
located both at the repository footprint and at the boundary of the Withdrawal (i.e., 16 sections of
the WIPP), records in both archives and records centers, and a variety of other PICs intended to
distribute knowledge about the WIPP to future generations. These components are consistent
with the EPA's requirements and will include redundancy and reinforcement of the warnings.
Estimates were made about the durability of the material that will be used to construct/develop
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the PICs and the messages themselves (1.e., engraved and printed) based on comparisons with
historical analogues. In addition, possible failure modes for each component were identified and
examined in the context of how the conceptual designs of the various PICs components would
counter the failure modes.

Of the PICs components, the marker system to be located at the repository footprint will be the
most durable and effective deterrent. Based on the durability of materials at Stonehenge, the
Egyptian pyramids, the stele containing the Code of Hammurabi, and the Rock of Behistun as
analogues, the granite monuments, information center, and the engraved messages that will be
exposed to the weathering at the WIPP are not expected to undergo significant deterioration
within the regulatory time frame. Additional deterrence will be provided by the buried markers
and storage rooms. The berm itself will be an awareness trigger and not a deterrent by itself.

The monuments at the boundary of the Withdrawal are expected to last as long as the monuments
at the repository footprint. The danger associated with intrusion in the Withdrawal is more
obscure than the warning on the inner monuments about intruding into the repository. These
monuments will lose some deterrent value in the future, starting perhaps about 1,000 years after
closure when the more subtile messages in the nearby records centers becomes more difficult to
decipher.

Historical analogues used to estimate the life expectancy of the WIPP records are paper fragments
that have lasted almost since the beginning of paper, nearly 2,000-years ago, and pieces of
papyrus that are about 5,000-years old. Modern technology should be able to at least duplicate
these durabilities. Working assumptions of the PTE were that the records will not be duplicated if
the original records deteriorate because of wear and age, and that catastrophic loss of records due
to fire or natural disaster will result in reconstruction of the entire records center and contents
from other surviving records centers and archives.

Records about the WIPP submitted to records centers will be printed on archival paper with
special ink to ensure a long life expectancy for the documents. Special bindings and covers will
be used to emphasize the importance of these documents. These records are expected to be
completely effective in deterring inadvertent intrusion early in the regulatory time frame. Records
submitted to records centers associated with property and resource rights are expected to be a
completely effective deterrent much longer than in the general records centers because of the
importance of these rights to society. Some loss of effectiveness of records in the resource
centers may begin at the time when paper detenoration may start to be a problem in the 4,000- to
5,000-year time period, when the paper deteriorates. English will continue to be decipherable by
the resource community for thousands of years.

Records submitted to archives also will be printed on special archival paper with special ink to
ensure a long life expectancy for the documents, especially under the controlled environmental
conditions within the archives. In addition, a special filing code will be developed and special
bindings and covers will be used in order to emphasize the importance of the documents within
the vast quantities of documents that will accumulate in the archives during the regulatory time
frame. The PTF concluded that the archives would have little deterrence value early in the
regulatory time frame because of the distant locations of the archives from the WIPP. As

TN
LN
June 4, 1996 viii ( T WIPP/CAQ-96-3168



Effectivencss of Passive Institutional Controls

documents in the records centers closer to the WIPP deteriorate or are "lost," the effectiveness of
the archives as deterrents will increase.

Government control of land use 1s based on written instructions being submitted to the
appropriate agencies and covenants being included in surface and resource leases and stored in
records center. As with records center previously discussed, land use controls will be a
completely effective deterrent for thousands of years.

The remaining PICs (e.g., encyclopedias and road maps) components will act as awareness
triggers rather than deterrents. These components will increase the public's and the potential
intruders' awareness of the WIPP so that other components will be consulted prior to any type of
human intrusion into the WIPP disposal system. The PTF did not assume any contribution of the
awareness triggers to the deterrence provided by the PICs system.

Based on the assessments of the PICs components and the fact that the PICs system will be as
effective as the most effective component, the PTF concluded that the PICs system will offer
virtually complete effectiveness in deterring inadvertent human ntrusion into the repository
footprint for the entire regulatory time frame. The PICs system will deter inadvertent intrusion
into the Withdrawal outside the repository footprint for thousands of years after disposal with this
deterrence decreasing slightly over time to account for the more esoteric warning on the outer
monuments and the possible deterioration of confirmatory records.

After examining the historical analogues and failure modes, the PTF ascertained that the PICs will
be highly effective for long periods of time within the 10,000-year regulatory period. An
examination of drilling records and personal interviews with individuals having extensive
experience with drilling in the Delaware Basin revelated no instances of wells being drilled in the
wrong location in the Delaware Basin (i.e., failure of 0.00). When the survey was extended to a
much larger area, five instances of wells drilled in the wrong location out of over 400,000 wells
drilled in total were identified (i.e., failure of 0.00001) For the sake of addressing the needs of the
PA and to account for unidentified possible failure mechanisms and sources of human error that
could result in reduced effectiveness of the PICs system, the PTF recommends that the failure of
the PICs system in deterring inadvertent human intrusion within the entire Withdrawal be
increased to a bounding value of 0.01 for the time interval from 100 to 700 years after disposal.
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being maintained within archives. In addition, the archives will contain data and information of
economic importance toindustries and government agencies involved in natural resource
exploration and exploitation. Economic importance also will contribute to maintenance of the
archives,

The expenence of the Vatican Archives provides lessons about what to do and what not to do for
long-term maintenance of records. The Vatican, for much of its history, was in the midst of the
surrounding political maneuverings, and control of the Vatican and possession of the archives was
a strategic prize. For example, Napoleon annexed the Papal States in 1809 and ordered the
archives moved to France. The transfer of the archives to France (1810-1811) and the eventual
return to Rome (completed by 1817) resulted in the loss of almost one-third of the documents
then in the archives; the loss occurred mainly during the period the archives were in France. To
guard against such a situation for the WIPP information and to establish the importance of
maintaining the WIPP informnation in the context of personne! safety, the information about the
WIPP should be placed in a non-political context. Also for the Vatican records, single copies of
documents meant that political turmoil with its attendant destruction could eliminate information.
Thus, for the WIPP, multiple storage arenas must exist to guard against losing information.

The DOE will provide WIPP documentation to archives worldwide. The documents will be
prepared on archival quality paper. Unlike the one-of-a-kind Vatican documents, many copies of
the WIPP documents will exist, adding significantly to a reasonable expectation that catastrophes
will not destroy all copies of the documents and that the information will survive for an extended
period of time. This philosophy mitigates the risks involved from individual authorities causing
the archival material to be moved over a period of hundreds or thousands of years. Multiple
copies aiso provide society with the ability to reconstruct portions or all of a given archive of
WIPP documentation should that particular information be lost or destroyed.

The Vatican Archives analogue, combined with improvement associated with lessons learned,
would mean that an archive could be expected to endure and mamntain records for at least 1,100
years, and have a high probability of enduring for thousands of years. WIPP information could be
expected to endure as long as the original paper can survive (i.e., thousands of years).

5.3.4 Historical Analogue: Ancient Documents

Many thousands of ancient documents composed of organically based materials currently are
stored in museums, monasteries, and archives around the world. The existence of these
documents proves that writing materials other than engravings in stone or clay tablets can
preserve information for thousands of years. The British Museum's Department of Antiquities has
the world's largest collection of oniginal papytus documents from Egypt. Thousand of these
papyrus documents are from the period of 2400 to 30 B.C. (Rodriguez, 1996a). The University
of Michigan has the world's fifth or sixth largest collection of ancient documents. Most of these
documents are on papyrus and parchment and are from about 400 B.C. to A.D. 800 (Rodriguez,
1996b). The Greek manuscripts of the Philotheou Monastery on Mt. Athos in Greece number in
the hundreds. A catalogue of 125 of the manuscripts cover the period from the 9th century to the
19th century A D. The oldest of these original documents are on parchment. For the documents
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printed on paper, the oldest document on Arabic paper dates from about A.D. 1292, and the
oldest document on European paper dates from about A.D. 1315 (Allison, 1996).

Examples of paper enduring for thousands of years are confirmed by Hunter (1978). According
to Hunter (1978), a number of original papers have been unearthed covering every century from
its "original invention by Ts'ai Lun in China, A.D. 105, onward through the introduction of
papermaking in the Occident and its eight hundred years of history in Europe.” Tllustrations of the
oldest printed text in Japan dated from A.D. 770, fragments of paper from the Eastern Han period
(AD. 25 to 220), and a manuscript on paper found in ruins of the Great Wall of China dated from
about A.D. 150 are included in Hunter (1978).

5.3.5 WIPP Relevance: Ancient Documents

- The examples described above provide evidence of the preservation of documents for thousands
of years. The fact that paper exists today that dates to near the time paper was invented supports
the premise that society can preserve paper documents for thousands of years. As described
above, archiving WIPP information on archival-quality paper in multiple archives worldwide is an
unprecedented effort to save information for future generations.

The fact that manuscripts have survived for 1500 to 2000 years, from the time when paper was
invented, and can still be read and interpreted by scholars lends credence to society's ability to
preserve information and the media upon which that information is recorded. Based on the
historical analogue of ancient documents, the DOE asserts that paper will last for 2,000 years and
has a high probability of lasting 4,400 years (the duration of papyrus, another crganic material for
records).

5.3.6 Potential Failure Mechanisms and Design Solutions

Decay of paper. (1) Archival paper. (2) Carbon black ink. (3) Controlled environment—even
small records centers control temperature. Not withstanding the desirability of controlling the
environment 1o increase durability, temperature and humidity will be controlled for the comfort
of the individuals working in an archive.

Theft. (1) No original signatures, seals or other items to make the physical record salable on the
black market. (2) Multiple copies—records can be recreated; reduces sale value.

Misfiling. (1) Indexing system created and agreed upon before records are ever sent to a records
center or an archive. (2) Distinctive (inexpensive) binding for the records.

Catastrophes (including fire, fiood, tormadoes, earthquakes). Multiple capies—records can be
recreated.

Recycling. (1) Concise summary—reduces the shelf space required for the information and
discourages the entire collection from being discarded. (2) Cover contains language about
long-term importance of the information contained in the record (safety).
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Archivist deciding that records are no longer important. (1) Concise summary—reduces the shelf
space required for the information and discourages the entire collection from being discarded.
(2) Cover contains language about long-term importance of the information contained in the

record (safety).

Lost {including while consolidating collections, moving). Multiple copies—records can be re-
created.

Deliberate destruction (other than governmental actions). Multiple copies—records can be re-
created.

Warning understood but believed to be for prior generations or other intruders. Cover contains
language about long-term importance of the information contained in the records (safety issues).

Warning not understood. (1} Endurance of English (Assumptions 11-13). (2) Communication
through means other than language (e.g., pictures, graphs, figures, and maps) (see
assumptions).

5.4 Records Centers
5.4.1 Conceptual Design

Records centers, for the purpose of making a distinction from archives, are locations that would
generally permit freer access by members of the public and do not normally exercise the degree of
environmental control and information-medium selection to be found in modern archives. These
records centers will not receive the same quantity of information allocated to archives (DOE,
1996, Section XV). Information provided to these records centers will be focused on location,
design, and hazards information. The DOE will provide a summary document with a distinctive
and easily recognizable binding for each records center. The records centers will include various
federal and state agencies and commercial mapping agencies to ensure that the WIPP location and
drilling or mining restrictions are identified on widely distributed maps used by almost all public
and private organizations. These federal and state agencies (or their successors) include:

The U.S. Nuclear Regulatory Commisston
Bureau of Land Management

U.S. Geological Survey

Library of Congress

Defense Mapping Agency

International Boundary Commission
Federal Highway Administration )
New Mexico State Highway Department Planning and Research Division, Cartography
Section

One-Call System of notification of underground utilities

The local office of the Bureau of Land Management

The local office of the Bureau of Reclamation

The Albuquergue office of the Bureau of Indian Affairs ( '“:\

v
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¢ The Federal Records Center serving New Mexico
e The local offices of the New Mexico Qil Conservation Division

To further the widespread distribution of WIPP information, materials will also be offered to a
number of libraries including:

The New Mexico and Texas State Libraries

The state libraries of the remaining 48 states
e The City Libranies of population centers exceeding 15,000 within 150 miles of the WIPP site
¢ The 53 Federal Regional Depository Libranies
¢ The major universities of New Mexico and Texas

To ensure widespread distribution of location information of the WIPP site and the hazards
assoctated with the emplaced waste, detailed maps and descriptions of the hazardous material will
be sent to national and international professional societies of cartographers and geographers.
Weitzburg (1982) suggests the following organizations and societies receive this location and
hazards information:

The American Congress on Surveying and Mapping
The American Society of Cartographers

The Commission for the Geological Map of the World
The International Cartographic Association

The American Geographical Society

The Association of Amernican Geographers

The International Geographical Union

The Society of Women Geographers

The American Geological Institute

The American Geophysical Union

The American Society of Professional Geographers
The National Geographic Society

The Federal Aviation Administration

Mining, Oil, and Gas Professional Organizations

These organizations and socteties can be supplemented by contacting the American Historical
Association, the National Institutes of Health, and the Centers for Disease Control for guidance in
the distribution of documents. The actual distribution of the information will depend on
agreements worked out between the DOE and these organizations and societies,

Many members of these various organizations are employed in secondary and college education
providing an opportunity for this information to become more widely disseminated among
students during their formal education. In addition, companies providing energy and resource-
related data to commercial ventures active in the Delaware Basin will receive location and
hazardous record information. Examples of such companies include
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Midland Map Company of Midland, Texas

Petroleum Information Corporation of Midland, Texas
Tobin Data Graphics of Austin, Texas

Dwight's Energy Data of Denver, Colorado

5.4-2 Historical Analogue: German Archives

The German archives discussed here (Brachmann et al., 1991) consisted of state, city, and church
archives of the pre-WW Il era. These archives contained one-of-a kind records pertinent to the
location of the archives. During the course of the war most of the archives were moved in part or
in whole in order to protect them from Allied bombing. The fatlure modes were from direct war
damage {e.g., bombing, fire, or water from putting fires out), or from transit (vehicles were direct
targets, vehicles broke down and were pillaged by the local inhabitants), and from alternate
storage options {wine cellars were relatively inaccessible but damp, thus promoting the
deterioration of the paper, and salt mines provided a dry, bomb-proof environment, but this
environment resulted in the corrosion of any metals associated with binding the books or storage
containers).

Extraordinary measures may be taken by at least some segments of society to protect documents
perceived to be of value to society (including such things as church records of births, deaths,
baptisms, etc.). For example, numerous archivists were killed trying to save records. and
common individuals recognized the importance of the archives:

“Putting individual material in private locations was considered ‘billeting’. The question of
moral or materialistic motivation of the individuals providing their property for storage purposes
could be of significance. However, a large part of the population esteemed not only German
archival matertal but also foreign and even epemy ‘culturat assets.” Appeals for the protection of
cultural assets found support, despite the tremendous existential problems of the period.”
(Brachmann et al., 1991, pt. II, p. 41)

Pillaging of the archives by the local population was generally driven by desperation caused by the
shortages of basic goods necessary for survival. Even the ‘enemy’ valued the intrinsic value of
archives and records. For example, after the war, the allied forces sent special commandos into
occupied territory to protect the general cultural and archival materials.

Despite the ravages of war, a surprising number of archives remained relatively intact. According
to Brachmann et al. (1991):

“A number of archives suffered varying degrees of damage during WW II. Some archives did

not suffer losses or damages, others were totally destroved. However, the large part of archival
materials in Germany survived the war without appreciable damages.” (Brachmann et al., 1991,

pt. 1, p. 10)
5.4.3 WIPP Relevance: German Archives

This experience indicates that even in a “total” war, areas away from strategic targets and areas of
troop engagements can remain virtually untouched. During periods of crisis and upheaval, some
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buildings and documents will be lost, and no way exists to predict what will constitute a target at
any particular time.

The lessons learned from the German archives are that numerous copies of the WIPP records
should be produced, these records should be widely distributed (i.e., to assure that at least some
of the records are not in strategic locations), and an effort should be made to tmpart a sense of
value to the records so that future generations will make the necessary effort to preserve them.

The experience of the German archives and the great effort that went into preserving the records
and the lessons learned indicate that even with significant political and social upheaval, records
can and are likely to be maintained.

5.4.4 Potential Failure Mechanisms and Design Solutions

Decay of paper. (1) Archival paper. (2} Carbon black ink. (3} Controlled environment—even
small records centers control temperature. Not withstanding the desirability of controlfing the
environment (o increase durability, temperature and humidity will be controlled for the comjort
of the individuals working in an archive.

Theft. (1) No original signatures, seals or other items to make the physical record salable on the
black market. (2) Multiple copies—-records can be recreated; reduces sale value.

Misfiling. (1) Indexing system created and agreed upon before records are ever sent to a records
center or an archive. (2) Distinctive (inexpensive) binding for the records.

Catastrophes (including fire, flood, tornadoes, earthquakes). Multiple copies—records can be re-
created.

Recycling. (1) Concise summary—reduces the shelf space required for the information and
discourages the entire collection from being discarded. (2) Cover contains language about
long-term importance of the information contained in the record (safety).

Archivist deciding that records are no longer important. (1) Concise summary—reduces the shelf
space required for the information and discourages the entire collection from being discarded.
(2) Cover contains language about long-term importance of the information contained in the
record (safety).

Lost (including while consolidating collections, moving). Multiple copies—records can be re-
created.

Deliberate destruction (other than governmental actions). Multiple copies—records can be re-
created.

Warning understood but believed to be for prior generations or other intruders. Cover contains
language about long-term importance of the information contained in the records (safety issues).
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Warning not understood. (1) Endurance of English (see assumptions). (2) Communication
through means other than language (e.g., pictures, graphs, figures, and maps) (see
assumptions).

5.5 Government Land Ownership and Control
5.5.1 Conceptual Design

The U.S. Government controls the 16 sections that are included in the WIPP Withdrawal

(Figure 1-2). Within this Withdrawal, all land-use leases are also retained by the federal
government with the exception of two, 129 .5-hectare (320-acre), oil and gas leases in Section 31.
Section 31 1s the southwestern most section of the 16 sections withdrawn under the LWA. The
two leases permit o1l and gas development below 1,829 meters (6,000 feet) from the surface.
Section 31 does not include the area planned for repository use. Government control is a passive
control providing for the transfer of information on the status of land ownership. It is not an
active control, in so far as the information does not overtly prevent intrusion. It is expected that
government control of this area will be retained for as long as a U.S. Government exists. With
government ownership of the resource leases for the withdrawn sections, commercial resource
exploration and development entities cannot drill or mine in and immediately around the
repository without receiving permisston. Any organization contemplating resource exploration
and development within the Withdrawal would learn of the government control immediately upon
initiating search of lease availability within the appropriate records center(s) pertaining to Eddy
County New Mexico.

In accordance with the LWA, the 16 sections at the WIPP were " . . . withdrawn from all forms of
entry, appropriation, and disposal under the public land laws, the matenial sale laws . . . and
mining laws" [Public Law 102-579, 1992, Sect. 3(a)(1)]. The objective of the DOE with respect
to mining and oil and gas production is to ensure that the development of resource leases does not
affect the integrity of the disposal system. Accordingly, no surface or subsurface mining unrelated
to the WIPP construction, or oil or gas production, including slant drilling from outside the
boundaries of the Withdrawal are permitted at any time, including post-decommissioning, with the
exception of the two existing oil and gas leases. These leases prohibit drilling within the first
1,829 meters (6,000 feet) of the surface within the Withdrawal (DOE, 1993). The LWA does
permit the Secretary of Energy to permit grazing, hunting, and trapping within the Withdrawal.

This prohibition is in direct contradiction to the PA assumptions that drilling will take place at
historic rates for the 10,000 years of regulatory concern.

5.5.2 Historical Analogue

The search for historical analogues for land restrictions at the WIPP suggests examples such as
the Boston Commons and the plaza in Santa Fe. These locations are both examples of areas that
have been owned by a government and under government control for long periods of time. Both
locations are areas of controlled public usage (some activities are allowed and some activities are
prohibited), despite changes in the particular government. Boston Commons was created when
the land was a part of the thirteen colonies of Great Britain (Boston was founded in 1630), and

WIPP/CAO-96-3168 oo 5-29 June 4, 1996



Effectiveness of Passive Institutional Controls

the public land use continued once it was a part of the United States. The plaza of Santa Fe was
created under Spanish rule (Santa Fe was founded in 1610), remained as such under Mexican rule
(1821-1846), U.S. rule, a brief occupation by Confederate forces (1862), and once again U.S. rule
{(Jenkins and Schroeder, 1974). The only period of unknown status was the period during and
after the Pueblo revolt (1680-1692) until the location was reestablished as being a part of Spanish
lands. More contemporary examples of areas of land being set aside for the public use/good are
New York City’s Central Park, the Mall in Washington D.C., and Balboa Park in San Diego.

A different type of government land for public use is Yellowstone National Park, established in
1890 as the United States” first national park. Park management allows access by the public, but
with restrictions on the activities that can take place within the Park (e.g., no new leases for
resource development). At the time of its establishment, Yellowstone was a remote area, with
limited access to communication or transportation. Yellowstone was established to benefit the
nation as a whole by preservation of our natural assets.

5.5.3 WIPP Relevance

Within our national history, governments have established and controlled areas for the greater
good of the society by restricting the activities taking place there.

Even though the Boston Commons and the Santa Fe plaza could be of major financial benefit
were they to be sold for private development, governments have chosen to retain ownership and
control rather than short-term financial gain. As long as significant public pressure is applied that
the value of safety is greater than the financial value of land or mineral resources, the Withdrawal,
and especially the repository footprint will be maintained.

Throughout its history, Yellowstone has been located in an area more remote than the area
surrounding the WIPP. The WIPP is not situated in as remote a location as it appears—people
travel to the City of Carlsbad by plane and by private vehicle, and the WIPP is only 42 kilometers
(26 miles) from the City of Carlsbad. Significant traffic is generated by trucks collecting oil from
tanks and by gas lines being monitored periodically. Increased population and the ease of travel
and communication cast doubt on the WIPP/Carlsbad area becoming more remote in the future.

5.5.4 Potential Failure Mechanisms and Design Solutions

Government considering opening up the Withdrawal to resource exploration and exploitation.
Wide dissemination of information about the safety issues associated with maintaining the
integrity of the disposal system-—wide distribution of the information will make it available to
more of the general populace so that there continues to be pressure not to open up the
Withdrawal.

5.6 Other PICs
Other PICs may be incorporated to trigger society's awareness of the WIPP location and cautions

regarding the maintenance of its integrity. These “awareness triggers,” which will be discussed in
Chapter 7, include

™
I
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o Incorporation of the WIPP's location on various maps and road atlases
¢ Description of the WIPP's location and content within the subject matter of encyclopedias and
common reference material
Identification of the WIPP as a geographical name in dictionaries
¢ Descriptions of the WIPP incorporated within the text of high-schoo! and college-level history
-and science books
Development of a home page for the WIPP on the Internet (the current home page address for
WIPP information is http://www.wipp.carisbad.nm.us)

Examples of specific areas being identified on maps can be found in various road atlases. Gousha
(1993) designates specific sites such as the "Nevada Test Site" and "Nellis Air Force Range" in
Nevada, the "Chocolate Mountain Gunnery Range" in southern California, and the "White Sands
Missile Range” in New Mexico. Certain areas in western Nevada are designated by the generic
warning "Danger Area."

5.7 Materials Issues

Granite is an igneous rock that crystallized at depth within the Earth's crust. As a result, the
minerals that compose granite are not thermodynamically and chemically stable in geologic
timeframes at the lower pressures and temperatures at the Earth's surface. However, for the time
frames of interest, the thermodynamic instabilities of the minerals in granite are much less
important than physical properties (e.g., mineral solubilities and rock porosities) of other rock
types used in buildings and monuments (e.g., marble, limestone, and sandstone). Because the
minerals in granite are less soluble than those in marble and limestone, and have a lower porosity
than sandstone to resist water intrusion with freeze and thaw cycles, granite is more resistant to
weathering than these other rock types.

Selection of stainless steel for use as the radar reflectors is based on a combination of cost and
corroston resistance. The reflectors would be constructed of sections about 1.3 cm thick and
approximately 0.9 m on a side and welded to form a tnhedral. Berry (1983) reviews earhier
studies of various stainless steel alloys in soils. Type 316 stainless 1s the most resistant of the
steels covered in Berry (1983). In one study the weight loss extrapolated to penetrations of
0.0027 to 0.55 millimeters in 10,000 years. Encasing the reflectors in concrete should further
enhance their survivability. Berry (1983) also provides data supporting much better corrosion
resistance for titanium and hastealloy. However, both of these materials are more costly than
stainless steel. A fourth material that may also prove acceptable for this application is monel.
Testing during the operational and active-controls period after disposal will be utilized to
determine whether or not protecting the stainless steel will improve its survivability sufficiently to
justify its use instead of the more corrosion resistant materials available. Use of titanium or
hastealloy may also increase the likelihood of future generations mining the reflectors for their
commercial value.

The planned use of strontium ferrite magnets is based upon their retentive ability, strength, and
cost. In discussions with a suppher, Magnet Sales & Manufacturing Co. of Culver City,
California, it was stated that although strontium ferrite magnets are not quite as strong as
samarium cobalt, there is significant cost differential (a factor of 7). Alinco magnets are the least
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expensive of the three materials but Jose their strength at an almost linear rate of 0.1 percent per
10,000 hours. However, samarium cobalt and strontium ferrite magnets achieve a nearly
asymptotic value in 10,000 hours. More extensive testing during the latter part of the operational
phase and the active-controls phase will be conducted to determine the best alternative for the
final design.

5.8 Conclusion

The historical analogues described above support the premise that our current society has the
capability to develop systems composed of components that will endure and pass information on
to succeeding generations. The use of large, massive structures provides the greatest chance for
the survival and promulgation of information for thousands of years. By their presence, large
structures will convey a Level I message that something made by humans is present. Information
preservation is enhanced by engraving messages in stone and burying the information. However,
this approach to preservation does pose the problem of discovery of the message by future
generations. Alternatively, engraving on massive stone outcroppings, such as the Rock of
Behistun, or on stone markers, such as the Code of Hammurabi stele, supports the premise that
engraving can withstand the ravages of the environment for thousands of years. Although not as
durable as stone, organic-based materials such as vellum and papyrus have also been successful in
preserving original records for more than 2,000 years. Not only have these ancient records
survived, but also their languages can be understood today even though the languages may not be
in use. The Vatican Archives demonstrate that records can be stored for centuries. An additional
aspect supporting the preservation of information over thousands of years is that historians and
archivists have had and continue to have an ongoing interest in the preservation of information
and documents. An example of this is Herodotus' history (written in the Sth century B.C.) of the
Pyramids, which were built about 2,000 years before his time. His descriptions have survived to
our time through additional historical documentation efforts even though the original matenials
upon which he described the individual events may not have survived. Thus, even if original
documents do not survive, the information contained in them can survive through the efforts of
historians and archivists.

The use of these historical analogues as models for the PICs system support the concept that the
WIPP warnings will be successfully conveyed to the future. Histoncally, some monuments have
ceased to exist. However, the permanent marker design concept has focused on successful
monuments that have withstood time and provide support for the "reasonable expectation" that
the WIPP's PICs will endure for thousands of years and may even surpass the 10,000-year
regulatory time frame.

The single most significant feature of the PICs for the WIPP is the widespread distribution of
information describing the history, design, location, and hazards associated with WIPP's storage
of transuranic and hazardous wastes. No historical analogue replicates the degree of effort
represented in the WIPP PICs in communicating with future generations. The widespread
distribution of WIPP information in archives, records centers, and other published media gives
ample justification for a reasonable expectation that future generations will have information in an
understandable format regarding the hazards associated with infruding into the WIPP repository
and 1ts location.
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6.0 EFFECTIVENESS OF PICS IN REDUCING THE FREQUENCY OF
INADVERTENT HUMAN INTRUSIONS AT THE WIPP

The previous chapters to this report have discussed the regulatory constraints on assessing the
effectiveness of PICs in deterring inadvertent human intrusions, the assumptions used by the PTF
in estimating this effectiveness, the conceptual design of the PIC components, the historical
analogues that provide insight into how long structures and materials can last and information can
be understood, possible failure mechanisms for each component and how the conceptual design
for each component counteracts these mechanisms, and the redundancy and reinforcement
between PIC components. This chapter integrates the information in these earlier chapters and
provides the PTF's estimates of the effectiveness of PICs in discouraging inadvertent human
intrusion into the repository footprint and the Withdrawal as a function of time. These
inadvertent human intrusions, as guided by 40 CFR Part 194, are drilling for and the mining of
natural resources. This chapter also includes arguments supporting these estimates.

6.1 PTF Estimates of PIC Effectiveness in Deterring Future Inadvertent Human Intrusions

The PIC system consists of integrated components some of which act as "awareness triggers"
designed to encourage an investigator or potential intruder to obtain additional information before
engaging in potentially disruptive actions at the repository footprint or within the Withdrawal.
These awareness triggers by themselves have no deterrent value. Other components, both alone
and in combination, are designed to act as deterrents to potentially disruptive actions. The
following discussion examines each of the components from the point of view of effectiveness as a
function of time.

6.1.1 Deterrence of the Marker System at the Repository Footprint

Each of the markers at the repository footprint has been specifically designed for durability.
Durability will be achieved by the choice of construction material used along with the size of the
marker and/or placement (i.e., exposed versus buried). In estimating deterrence for this
component, the marker system is considered as a whole to account for its Gestaltic nature rather
than as individual markers

6.1.1.1 Berm

The berm surrounding the repository footprint is intended to convey a Level I message that
something built by humans is present. A Level I message is an awareness trigger rather than a
deterrent. As a result, this particular marker has no deterrent value, although the presence of the
berm may enhance the deterrence of the other markers by making the potential intruder aware that
the repository site is different than the surrounding area and more information is needed prior to
the initiation of intrusion activities. The historical analogues used to estimate the durability of the
berm are the earthen banks surrounding the monoliths at Stonehenge (see Chapter 6). These
banks were constructed as piles of earth with no reinforcement or other features designed to
extend their lifetime. Based on the assumption that current science and technology has the
capability to construct an earthen structure at least as durable as the banks at Stonehenge
(Assumption 22) and the belief that this capability is represented in the conceptual design of the
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berm (Assumption 21}, the PTF concluded that the berm will survive for at least 4,700 years after
disposal, which is the minimum lifetime of the banks at Stonehenge. The size, the layered
structure, and the selected materials of the berm will ensure that this structure has a high
probability of surviving far longer than the Stonehenge banks have survived to date. Because of
the volume of the various materials in the berm, recycling of any of these materials in the future
will result in large volumes of the other materials (e.g., mining the salt) being left behind (e g., the
ripramand caliche) , which will continue to convey the Level I message.

6.1.1.2 Monuments Qutlining the Repository Footprint

The monuments that contain Levels II, I1I, and IV messages will be composed of granite. Based
on the historical analogues of the monoliths at Stonehenge and the Rock of Behistun, (see
Chapter 6), these monuments at the WIPP will be able to remain intact for at least 4,000 years,
which 1s the minimum lifetime of the Stonehenge monoliths, and the engraved messages on the
monument will be legible for at least 4,000 years, which is the minimum lifetime of the engraved
messages on the Rock of Behistun. Because these ages are minimums, a life expectancy for the
inscriptions on the monuments substantially longer than 4,000 vears after disposal is realistic and
highly probable.

Estimates of the ability of future generation to read and understand the warnings on the
monuments are based on the assumptions that current English will continue to be readable by
individuals working in the natural-resource industries (possibly as a specialized second language)
due to the nearly continuous resource exploration and exploitation in the WIPP area and the
Delaware Basin (Assumption 13) and that pictures will be able to convey meaning independent of
or as a supplement to written warnings (Assumption 4) (e.g., facial expressions representing
emotions and pictographs representing potentially harmful activities). Based on these
assumptions, the warnungs inscribed on the monuments will be understood by individuals within
the natural-resource industries for thousands of years after disposal

The number of monuments within the relatively small repository area provide a level of
redundancy that suggests that the monuments will remain an effective deterrent to inadvertent
human intrusion into the repository in the event that one or several of the monuments are
deliberately destroyed or removed.

6.1.1.3 Information Center

An Information Center will be constructed in the center of the footprint. This center will have
granite walls set into caliche, and these walls will be inscribed with Level IV information. The
lack of a roof for this room provides natural lighting but also allows for the walls to be exposed to
a limited amount of weathering and for wind-blown sand to settle into the room. The historical
analogues used by the PTF for the Information Center are the Acropolis for the durability of the
structure and Australian rock art for the partially exposed engravings. Based on the assumption
that today’s scientists and engineers, through engineering design and selection of materials, can
built a rock structure that endure for at least as long as the structures at the Acropolis
(Assumption 22), the PTF concluded that the Information Center will survive for at least 2,400
years after disposal, which is the minimum age for most of the structures at the Acropolis. The
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much-older Egyptian pyramids were not used as an analogue for the Information Center, because
the pyramids are massive structures, which are not structurally analogous to the Information
Center, whereas buildings at the Acropolis were designed for human use and structurally more
analogous to the Information Center.

Inscriptions on the walls within the Information Center will be partially protected from wind-
driven rain, snow, and sand by the outer walls. This configuration is similar to the Australian rock
art consisting of paintings, engravings, and peckings located on partially protected surface. The
fact that this rock art has been able to survive for tens of thousands of years indicates that the
inscriptions in the granitic rock of the Information Center will endure for as long as the inscribed
surfaces are protected {Assumption 22) (including walls knocked over in a face-down position or
buried by drifting sand). Even if the structue of the Informaiton Center fails, the protected
insriptions could survive for tens of thousands of years.

The Level IV messages within the Information Center will consist of both written messages and
pictures. Estimates by the PTF of the interpretability of the warnings within the Information
Center were based on the following assumptions: (1) future generations will continue to use
writing as a means of communication (Assumption 2), (2) future generations will continue to be
curious about the meaning behind unfamiliar structures and writings (Assumption 1), (3) current
English will continue to be understood by individuals within the natural-resource exploration and
exploitation industries or governmental agencies (Assumption 13) (possibly as a specialized
second language), and (4) pictures will be able to convey meaning independent of or as a
supplement to written warnings (e.g., facial expressions representing emotions and pictograph
representing potentially harmful activities). Based on these assumptions, the PTF concluded that
the inscribed warnings on the walls of the Information Center will be understood by individuals
within the natural-resource industries or governmental agencies for thousands of years after
disposal.

6.1.1.4 Buried Storage Rooms

The two buried storage rooms also will be constructed of granite. One room will be buried in the
berm as protection during the early times of the regulatory time frame. As the berm ages and
erosion occurs, portions of the buried room (e.g., a comner, edge, or wall) may become exposed at
the surface thereby informing future generations of the existence of another source of information,
and adding another source of warning messages to potential intruders. Exposure of the buried
room would occur later in the regulatory time frame after the monuments and the information
center have been exposed to surficial erosion processes and may undergo some surficial
degradation. Although both the monuments and the Information Center are expected to remain
intact for at least several thousand years, the exposure of the buried room will reveal another
source of detailed information as to why human intrusion should not be attempted. The other
room will be buried below grade outside the berm. This room 1s not expected to be exposed by
natural processes, but its location will be described in the archives and in the Information Center.
Future generations may choose to excavate this room to obtain Level IV information.

The historical analogues for the buried rooms are Newgrange and the rooms within the Egyptian
pyramids. Based on the assumption that current science and technology have the capability to

po———
-

5 ‘i\\
WIPP/CAQ-96-3168 VoL 6-3 June 4, 1996

N, .
o . s



Effectivencss of Passive Institutional Controls

construct buried rooms at least as durable as these analogues, and the belief that this capability is
represented in the conceptual design of the buried rooms, the PTF concluded that the buried
rooms will survive for at least 5,000 years after construction, which is the minimum age of
Newgrange.

Inscriptions in the walls of the buried rooms will be completely protected from weathering and
erosion for as long as the rooms remain buried. The inscriptions in the walls of the rooms
contained within the Khufu pyramid exhibit no signs of detenioration 4,500 years after being
carved into the rock, and the broader patterns engraved in the interior walls of Newgrange exhibit
no signs of significant deterioration after 5,000 years. Based on these analogues, the PTF
concluded that the inscriptions in the walls of the buried rooms at the WIPP will endure for at
least 5,000 years.

The Level I'V messages within the buried rooms will consist of both written messages and
pictures. Estimates of the interpretability of the warmnings within the buried rooms were based on
the following assumptions: (1) future generations will continue to use writing as a means of
communication (Assumption 2), (2) future generations will continue to be curious about the
meaning of unfamihar structures and writings (Assumption 1), (3) current English will continue to
be understood by individuals within the naturai-resource exploration and exploitation industries or
governmental agencies (possibly as a specialized second language) (Assumption 13), and (4)
pictures will be able to convey meanings (Assumption 4) independent of or as a supplement to
written warnings or by themselves, if the burted rooms are exposed or exhumed far enough into
the future when an understanding of current English 1s lost by the general populace. Based on
these assumptions, the PTF concluded that the inscribed wamnings on the walls of the buried
rooms will be understood by individuals within the natural-resource industries or governmental
agencies for thousands of years after disposal.

6.1.1.5 Small Bunied Markers

The conceptual design for the marker system includes a relatively large number of small markers
that will be buried at random intervals and depths across the area of the repository footprint. By
design, these markers will be encountered during the preparation of any location within the
footprint for drilling operations (e.g., digging a mud pit). The material used to construct these
markers will be selected through an expernimental program to assure that the markers will not
undergo significant chemical alterations from contact with the enclosing sediments and soils
within the regulatory time frame, thereby ensuring that these markers will endure.

The historical analogues for the buried markers are the diorite stele that contains the inscriptions
of the Code of Hammurabi and the artifacts found in Mesopotamian tells and tombs. Based on
the assumption that the materials selected through the experimental program for these markers
will survive with no significant deterioration of the inscriptions for at least as long as the stele and
the artifacts (Assumption 22), the PTF concluded that the buried markers will survive for at least
3,700 years, which is the approximately the time frame during which the stele was buried, with a
high probability of surviving longer than 4,500 years, which is the minimum age of some of the
older Mesopotamian artifacts.
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Buried markers will contain a Level II message. Estimates of the interpretability of the warnings
on these markers were based on the following assumptions: (1) future generations will continue
to use writing as a means of communication (Assumption 2), (2) future generations will continue
to be curious about the meaning of unfamiliar objects and writings (Assumption 1), (3) current
English will continue to be understood by individuals within the natural-resource exploration and
exploitation industries or government agencies (possibly as a specialized second language)
(Assumption 13), and (4) pictures will be able to convey meanings (Assumption 4). Because the
buried markers will contain symbols instead of pictographs, the effectiveness of this portion of the
message may be less than the higher-level messages conveyed by the figures and pictographs on
the markers and in the buried rooms and Information Center. The PTF concluded that the basic
message of danger conveyed by the text inscriptions will be understood by individuals associated
with natural resources for the sands of years after disposal. If the symbols cannot be understood,
the inherent curiosity of future generations will make the symbols awareness triggers.

6.1.1.6 Effectiveness and Endurance of the Repository Marker System

Each marker component, except for the berm which is an awareness trigger, will have the
capability to independently deter future inadvertent human intrusion. Failure of the marker system
requires the failure of all of the components of the system. No failure mechanism for all of the
components has been identified. Based on the matenals to be used to construct the various types
of markers, the redundancy of the warning messages at the various message levels, the numbers of
markers, and the marker distribution, the marker system at the repository footprint (approximately
0.5 square kilometers [0.2 square miles]) will completely deter inadvertent human intrusions
within the repository footpnnt for thousands of years based on the assumptions previously
discussed about the nature of people and society and the use of historical analogues.

6.1.2 Monuments at the Land Withdrawal Area Boundary

An additional set of monuments is to be placed along the boundary of the Withdrawal
(approximately 41 square kilometers {16 square miles]). These monuments have the same design
specifications as the monuments at the boundary of the repository footprint, aithough the waming
message on these outer monuments will place more emphasis on deterring intrusion into the
Withdrawal outside of the repository footprint. Because these outer monuments will be
compositionally and dimensionally the same as the inner monuments, the estimates of durability
for these two sets of monuments is the same. The warning message on these outer markers will
be a little less emphatic than the one on the inner markers. A warning to not disturb the ground-
water flow system is abstract and is unlikely to have the same sense of importance as a warning
against activities that could result in the release of radionuclides from a buried storage facility. In
addition, the area of danger clearly will be the one marked by the berm, the inner monuments, and
the information center based on the greater level of effort in constructing markers. This lack of
compelling reason not to intrude along with an absence of redundancy of the message on other
markers will likely result in less deterrence than the message to be conveyed by the repository
markers, especially if the other confirmatory components (e.g., records and government control)
of the importance of the entire Withdrawal begin to fail. For these reasons, the marker system at
the Withdrawal boundary is assumed to be less effective than the markers at the repository
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footprint, although this decrease in effectiveness will not occur until at least a 1,000 years after
disposal, which is equivalent to the time between current and Old English.

6.1.3 Records Centers

For the purpose of estimating the effectiveness of records in deterring intrusion, the records are
considered in two types of records centers. One type of records center consists of depositories at
both the regional and national levels (e.g., regional depository libraries and the Federal Records
Center in Denver, Colorado). The depositories hold a wide vanety of information and documents
among which the WIPP records would be just one more set of records. The other type of records
center consists of agencies that deal with land use, especially in the areas of natural-resource
exploration and exploitation (e.g., Bureau of L.and Management and New Mexico Qil
Conservation Division). In this second type of records center, the WIPP records would be more
distinctive, because these records will deal with how the land can and cannot be used, in addition
to containing potentially significant economic information.

Based on historical records, fragments of wood-based paper have survived for most of the nearly
2,000 years since its invention, and an umnscribed papyrus roll has been found in an Egyptian
grave approximately 5,000 years old (Gaur, 1992). The volume of ancient documents that have
survived to the present with no or limited attention to preservation indicates that the survivability
of documents that are cared for will be high. These historical analogues suggest that the WIPP
records printed on paper developed for an extended life expectancy and stored in records centers
should be able to survive relatively intact for several thousand years. As a historical analogue for
writing on an organic material, papyrus with written hieroglyphics dates to approximately 4,500
years ago (Gaur, 1992). This historical analogue indicates that printed WIPP documents can
survive for as long as the paper. An additional factor that improves the survival of the records is
the human habit of reproducing records. The PTF estimates have not included credit for future
generations reproducing documents except in the case of restoration of a records center following
catastrophic loss of records (e.g., fire or natural disaster).

The German archives during WWII serve as the historical analogue for the distribution of the
WIPP documents in numerous records centers. The fact that the large part of these archives
survived the war indicates that the distribution of WIPP records to a large number of records
centers essentially guarantees that at least some copies of these records will survive for an
extended period of time into the future. '

The general records centers are and will be depositories for a wide variety of information and a
large volume of documents. These records centers also will contain Level V WIPP messages.
Over time, the importance of the normal records may be lost to individuals operating the records
centers, and the records may be replaced with what are perceived to be more important records,
in which case the records could be destroyed or relegated to a less prominent area within the
records center. The conceptual design for the WIPP records contain provision for making them
distinctive, concise, and of readily recognized value. Estimates of the effectiveness of the general
records centers in deterring mnadvertent intrusion were based on the following assumptions:

(1) future generations will continue to use writing as a means of communication (Assumption 2),
(2) future generations will continue to be curious about unfamiliar writings and structures
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(Assumption 1), and (3) current English will continue to be understood by individuals within the
natural-resource exploration and exploitation industries and government agencies (Assumption
13) along with those individuals in other fields of endeavor in which historical documents are
important {Assumption 12). Because of the prominence of the WIPP records, the PTF concluded
that the warnings contained in the WIPP records of the general records centers will be completely
effective deterrents for anyone checking these records centers for possibly 1,000 years or more
after disposal. Beyond this time, the records begin to decrease in deterrence value because of the
likelihood of these records will be lost within the records centers. In the vicinity of 4,000 years
(i.e., twice the lifetime of the oldest existing paper fragments and approximatety the lifetime of
some of the older papyrus), the possible deterioration of the original records may begin to be a
factor. This deterioration combined with the possible loss of records in the records centers may
result in a rapid decrease in the deterrence value of the general records centers. Because of the
wide-spread distribution of general records centers and the diverse nature of the types of records
centers, no pattern of document survival or effectiveness is applicable to all records centers.

The resource records centers are and will be the depositories for more specialized documents and
information related to resource and land ownership and use. Based on the same assumptions used
for the general records centers and the addition assumptions that resource exploration and
exploitation will continue for the entire regulatory period (Assumptions 16 and 17) and
government in any form will require record keeping and consultation of records (Assumptions 8,
9, and 10), the PTF concluded that resource records centers will remain active throughout the
regulatory period. Because of this activity and the importance of the WIPP records, these records
will be consulted by individuals associated with natural resource exploration and exploitation
(Assumption 18) and will be highly effective deterrents to inadvertent intrusion (Assumptions 6,
8, and 10) for at least a couple of thousands of years after closure. Failure of the WIPP records
to deter will be the result of catastrophic record destruction and the physical deterioration of the
records. The wide distribution of the WIPP records in numerous records centers virtually assure
that at least some copies of these records will survive for an extended time and that lost records
can be reproduced.

6.1.4 Archives

Archives are designed to preserve historically significant documents. In this capacity, the role of
archives 1s preservation rather than the dissemination of infornation. As a result, the WIPP
records will be stored under conditions that will extend their life expectancy relative to documents
in records centers. The PTF considered the Vatican Archives as a historical analogue for the
durability of an archive as an institution and the ancient paper, papyrus, and other documents as
historical analogues for the WIPP documents to be stored in the archives. The assumptions used
by the PTF to estimate the effectiveness of the archives in deterring inadvertent intrusion were
basically the same as for the records centers (see Section 7.2.3).

Using the Vatican Archives as a historical analogue, the PTF concluded that the archives in which
the WIPP records will be stored have the capability to survive as mstitutions for at least 1,100
years, which is the minimum age of the Vatican Archives. Because of the seemingly universal
recognition of the documents in archives as historically important, the PTF concluded that future
societies will go to great lengths to preserve the documents within an archive, even though the

WIPP/CAQ-96-3168 6-7 {0 June 4, 1996



Effectiveness of Passive Institutional Controls

structure housing the documents is expendable and replaceable. The limiting factor is the life of
the paper, because the institution or a successor was assumed to last indefinitely. With optimum
storage conditions and limited use, the documents within the archives, and especiaily the WIPP
records, will last substantially longer than the records in the records centers. Documents in the
archives should last as long as the ancient documents considered as historical analogues described
abowve even if the physical structure housing the documents do not. The PTF concluded that the
WIPP records in archives will survive 1n at least some of the archives for at least 5,000 years.
Archives suffer some of the same problems as records centers in that documents can be "lost"
through such actions as misfiling, reshelving, and in some cases, destruction or theft.

The WIPP records in the archives will contain Level V messages. Estimates of the effectiveness
of the archives in deterring inadvertent intrusion were based on the following assumptions: (1)
future generations will continue to use writing as a means of communication (Assumption 2), (2)
future generations will continue to be curious about unfamiliar structures and writings
(Assumption 1), and (3) current English will continue to be understood by individuals within the
natural-resources exploration and exploitation industries and government agencies (Assumption
13) along with those individuals in others fields of endeavor in which historical documents are
important { Assumption 12). For the potential intruder or the site investigator who visits an
archive, the warnings within the WIPP records will be readily understood for more than 1,000
years after disposal because of the specialized vocabulary based on current English associated
with natural resource and land use, Because of the large volume of records and document in
current English within an archive, a high probability exists that someone working at the archive
will be able to translate current English into the future dialect of the time for anyone unfamiliar
with current English. Readily available translation will be available for a much longer period
beyond 1,000 years after disposal, which is equivalent to the time between current and Old
English.

In a regional sense, the deterrence value of the archives compared to records centers will be
relatively low in the early part of the regulatory time frame, because the archives will be farther
away from the WIPP than the records centers, which are the traditional sources of land-use and
natural-resource information to the natural-resource industry. As the documents in the records
centers start to deteriorate and/or become lost in the volume of records that will be submitted, the
reliance on the archives will increase because of the better preservation of the documents. The
level of deterrence of the archives will not reach the peak levels achieved by the deterrence of the
records centers because of the remoteness of the archive sites from the WIPP, and the possibility
of archives losing the records.

6.1.5 Government Control of Land Use

Government control of land use consists of written instructions in any government-agency offices
where land-use determinations are and will be made specifying the prohibited uses, and covenants
on land use written into surface- and resource/mineral-rights leases. A basic assumption used by
the PTF is that any prudent extrapolation of the current form of government (Assumption 7) will
continue some form of land-use control (Assumption 8), especially in those areas having natural-
resource potential (Assumption 10). These offices are one of the types of records centers
discussed in Section 7.1.3.
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The PTF concluded that land-use restriction will be completely effective deterrents against
inadvertent human intrusion for as long as the paper recording these restrictions lasts. Because of
the specialized and limited vocabulary associated with land-use restrictions, these restrictions will
be interpretable by individuals in the natural-resource industries and/or government agencies
(Assumption 13) for thousands of years. The PTF assumed no credit for the land-use restrictions
being transcribed to other copies of documents.

6.2 Awareness Triggers

Several of the components descnibed in Chapter 6 have no deterrent value on their own, but may
contribute to the effectiveness of the PICs system. These components have been labeled as
"awareness triggers," because each of these components has the potential to make a potential
intruder or site investigator aware of the existence of the WIPP, and therefore aware that
additional information about the WIPP should be obtained. These awareness triggers are: -

berm

government ownership of the Withdrawal

incorporation of the WIPP's location on maps and road atlases
description of the WIPP in encyclopedias

identification of the WIPP in dictionaries

description of the WIPP in science and history textbooks

a WIPP homepage on the Internet

Although these components will contribute to the effectiveness of the PICs system, the PTF has
taken no credit for these components in the effectiveness estimates presented in Section 7.4
below.

6.3 Effectiveness of PICs System in Deterring Inadvertent Human Intrusions

The PICs components are an integrated system that includes redundancy i the ability to deter
future inadvertent human intrusions within the Withdrawal. System deterrence is as effective as
the most effective component. As long as the most effective component does not fail, total or
partial failure of one or more of the other components will not compromise the effectiveness of
the overall PICs system. Based on the above analyses, the PICs system will offer virtually
complete effectiveness in deterring inadvertent human intrusions within the repository footprint
for as long as the marker-system components at this location are in place. The effectiveness of
the PICs system in deterring inadvertent human intrusions within the Withdrawal outside the
repository footprint will offer virtually complete effectiveness for the period from 100 years
(when the PA can no longer take credit for AICs) after disposal to at least a couple of thousand
years after disposal. Over time, the PTF believes that the effectiveness of the PICs in protecting
the Withdrawal outside of the repository footprint wiil not be as high as the effectiveness for the
smaller, more highly marked footprint. The primary function of the PICs for the Withdrawal
outside of the footprint is to protect the integrity of the disposal system rather than protecting a
driller, which is the primary function of the PICs at the footprint. The difference in the level of
effectiveness will not manifest itself until some thousands of years after disposal.
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6.4 Conclusions for Use in PA

As noted in Section 1.5 of this report, the EPA states that for the PAs, PICs cannot totally deter
madvertent human intrusion for even a short period of time afier active controls are assumed to
end and cannot deter for more than several hundred years. Looking at the historical analogues and
potential failure modes for the PICs components, the PTF ascertained that the PICs will be highly
effective for periods of time much longer than several hundred years. The attempt to quantify
"highly effective” in order to provide input to the PA calculations focused on possible failure
mechanisms. Designing physical monuments and markers and establishing institutions for control
based on historical analogues leads the DOE to assert that for the time period of interest to PA,
these PICs will perform virtually perfectly in enduring and preserving messages for interpretation.
The assumptions developed in Chapter 3 lead the DOE to assert that current English will be
decipherable by the resource community for the entire period of interest to PA. Thus, the only
allure mechanisms of the PICs for communicating with a potential driller/intruder centered around
human error in the permitting process (retaining knowledge of the prohibition of dniling and
mining, and correctly preparing/rejecting permits) or in locating a permitted operation.

During the deliberation of the PTF, members of WID's Long-Term Regulatory Compliance
Section have reviewed drilling records for the New Mexico portion of the Delaware Basin dating
back to 1914 and located at the Hobbs and Artesia offices of the state of New Mexico's Oil
Conservation Division. One aspect of this review was to determine if any of the well records
identified a case or cases wherein the driller set up and drilled in a location other than that
authorized. Similarly, the PTF could not locate any record or individual that could confirm that
any of the 11,500 wells of the Delaware Basin were drilled at the wrong location. As a follow-up,
members of each office were contacted by phone on April 4, 1996, (Johns, 1996} and asked if
they recall any incidents of drilling in an unauthorized location. No incidents were recalled.

In a follow-up investigation, the PTF contacted four experts with a total of 106 years of field
experience in the o1l and gas industry (Rodriguez, 1996¢; Rodriguez, 1996f, Rodriguez, 1996g
and Rodriguez, 1996h). The experts could recall only five instances, all outside of the Delaware
Basin, where someone had drilled a well at the wrong location; three occurred in Texas about 15
years ago and two near Eunice, New Mexico about 30 years ago (Rodriguez, 1996h). These five
instances are out of the some 429,000 wells that have been drilled in the Permian Basin (29,000 in
southern New Mexico and 400,000 in eastern Texas). Three of the five instances occurred thirty
years ago during a period of high activity that the Permian Basin had not witnessed before or
afterwards.

The error rate for drilling wells 1s 0.00 in the Delaware Basin and 0.00001 for a much larger area
extending beyond the boundaries of the Delaware Basin. Other than the PICs of government
control of land rise through records centers, no other PICs exist in the Permian Basin to deter
drilling at any particular site. Yet only five out of hundreds of thousands of welis were drilled at
the wrong location, and these wrong locations were still within established claims. The addition
of PICs, such as restrictive government control of land use, extensive records, and elaborate
monuments and markers would eliminate drilling error as a possible failure mode at the WIPP.

R
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For the sake of addressing the needs of PA and to account for unidentified possible failure
mechanisms and sources of human error that could result in reduced effectiveness of the PICs
system, the PTF recommends that the failure rate for PA calculations (years 100 to 700 after
disposal} be increased to a bounding value 0of 0.01. Thus, the PICs are to be 0.99 effective in
successfully communicating about the WIPP. A 1-percent failure rate would mean that out of
every 100 permit requests, one involved an unlawful permut, a location error on the permit itself]
or the drillers setting up in the wrong location. This is not believed to be possible in the future
because such a high error rate would be widely known within the drilling community, and thus
would cause the implementation of stronger controls over drilling.

The numerical percentage by which the intrusion rate will be reduced in the PA calculations is
taken to be the probability of successful communication of the information. This assumption is
made based on the thought that, for example, if the PICs are effective in correctly transmitting the
information 99 percent of the time, then 99 percent of the potential intrusions are either deterred
or are made with full information and thus are not inadvertent (i.e., do not have to be considered
in the PAs).

The PTF emphasizes that these accommodations to the regulation for both the repository
footprint and the remainder of the Withdrawal are bounding values that underestimate the
effectiveness of the PICs system in deterring inadvertent human intrusions under the assumptions
established in Chapter 3.
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