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ABSTRACT 

The U. S. Environmental Protection Agency requires the use of passive institutional controls 
(PICs) to discourage hture generations from inadvertently intruding into the Waste Isolation Pilot 
Plant (WPP) 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 W P  repository. 
The estimate was constrained by the use of existing conceptual designs of these controls, the use 
of historical analogues for the endurance of materials 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 detemng 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 identify 

- 

Sandia National Laboratories, Albuquerque, NM 87185 

Carlsbad Tectuucal Assistance Conuactor, Carlsbad, NM ‘. ’ 

(7 . .  - * Science Applications International Corporation, Albuquerque, NM , l a ;  ; 

Westinghouse Waste Isolation Division, Carlsbad, NM 



Effectiveness of Passive Institutional Controls 

A 
ACKNOWLEDGMENTS 

The authors would like to thank the following individuals who reviewed material throughout this 
process at SNL (W. Weart, M. Marietta, and J. Helton), CAO (J. Mewhinney, C. Wayman, 
R. Brown, M. Oliver, and W. Walker), and WID @. Howard, R. Kehrman, R. Palanca, S. 
Patchet, and J. Kowalski). 

The authors would like to thank the following Tech Reps, Inc., staff for their contributions in the 
production of this document: Molly Minahan, Linda Harrison, Janet Chapman, and Betty Pierson 
(editing); Hawaii Olrnstead and Steven Scatlae (illustrations); Debbie Rivard and Jackie Ripple 
(word processing); and Steve Tullar and June Argeanas (production). 

June 4, 1996 11 WIPPICAO-96-3 168 



Effectiveness of Passive Institutional Controls 

A EXECUTIVE SUMMARY 

The Waste Isolation Pilot Plant OYIpP) is an experimental facility located in bedded-salt deposits 
in southeastern New Mexico that is owned by the U.S. Government and operated by the U.S. 
Department of Energy (DOE). This facility is being evaluated as a permanent disposal location 
for transuranic waste produced by defense-related activities and programs. To demonstrate 
suit&ility, the DOE must comply with the performance criteria established by the U.S. 
Environniental Protection Agency @PA) in Environmental Stan&& 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 l i t s  to the accessible environment (5 191.13), 
(2) additional assurance requirements to supplement the natural radionuclide-containment 
capabilities of the disposal system (9: 191.14), (3) dose limits to individuals for undisturbed 
conditions (9: 191.1 S), and (4) protection of underground sources of drinking water from 
radionuclide contamination for undisturbed conditions (9: 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 ofthe Assurance Requirements (9: 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 38086~). Another role for the 
passive institutional controls (PICs) was identified by the EPA with the promulgation of Criteria 
for the Certification and Re-Certijcation of the Waste Isolation Pilot Plant‘s Compliance with 
the 40 CFR Part 191 Disposal Regulations; Final Rule (40 CFR Part 194). This role (9: 194.43) 
allows credits for PICs to reduce the frequency of inadvertent human intrusion into the WIPP 
disposal system for the performance assessments (PAS) required to address the Containment 
Requirements of 9: 19 1.13. 

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 PICs, 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 I94 
@PA 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 9: 194.25.” The PTF 
defined additional assumptions (“common denominators”) for use in assessing the effkctiveness of 
PICs. 

In order to assess the effectiveness of the PICs in deterring inadvertent intrusion, the PTF 
examined the DOES conceptual designs of the PICs components that will form an integrated 
system of PIG.  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 construddevelop 
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the PICs and the messages themselves (i.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 
mostdurable and effective deterrent. Based on the durability of materials at Stonehenge, the 
Egyptian pyramids, the stele containing the Code of Hamurabi, 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 W P  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 itseK. 

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. Modem technology should be able to at least duplicate 
these durabilities. Workmg assumptions of the PTF 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 W P  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 detemng 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 deterioration 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 
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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 is 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 
comFletely 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 W P  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 intrusion 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 ofthe 
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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