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ABSTRACT

SNLO is public domain software developed at Sandia Nat. Labs. It is intended to assist in the selection of the best nonlinear
crystal for a particular application, and in predicting its performance. This paper briefly describes its functions and how to
use them.

1. INTRODUCTION

The advent of powerfid desktop computers has made it possible to automate calculations of the linear and nonlinear
properties of crystals, and to perform detailed simulations of nonlinear mixing processes in crystals. The purpose of SNLO is
to make these calculations available to the public in a free, user-friendly, windows-based, package, with the hope that this
will advance the state of the art in applications such as optical parametric oscillatorshmplifiers (OPO/OPA), optical
parametric generation (OPG), flequency doublers, etc. There are two types of functions included in SNLO. The fiist set help
in computing the crystal properties such as phase-matching angles, effective nonlinear coefficients, group velocity, and
birefringence. The second set help model the performance of nonlinear crystals in various applications. The capabilities of
each are presented below in the form of answers to the “How do I:” question.

2. CRYSTAL PROPERTY CALCULATIONS

HOW do I:

1.1 Select an angle-tuned crystal

The fhnction QMIX is the best starting place. When you select a crystal the viewing area will display its properties including
transmission range (as a plot if the information is available), references for Sellmeier data, nonlinear coefficients, damage
thresholds, etc. Enter the wavelengths for your mixing process and push ‘Run’ to get fhrther information specific to all
possible phase matched processes. Note that for biaxial crystal only the principal planes are allowed in QMIX. If you are
curious about a biaxial crystal’s properties outside the principal planes, you can explore them using BMIX. Note that more
information on crystal properties is available in the papers listed in the bibliography ‘Crystals.pdf’ included with SNLO. It
references over 500 papers relating to nonlinear optical crystals.

1.2 Select a quasiphase-matched crystal

The fi,mction ~ helps you fmd the right quasiphase matched poling period for any of the popular quasiphase matchable
crystals. It also shows the temperature and pump wavelength tuning properties of the crystal. You can chose the
polarizations for you processes as well, although the zzz polarization is usually the one of practical interest.

1.3 ~ Select an angle-tuued OPO crystal

The function Opoangles displays a plot of the signal/idler wavelength versus crystal angle for a given pump wavelength. It
also computed the nonlinear coefficient and the parametric gain versus angle. Comparing gain across the wavelength range
of interest and between different crystals and phase matching types gives a good indication of relative OPO performance.
Note that this fimction computes noncollinear phase matching. Click on the ‘pump tilt’ edit box for a diagram of the
noncollinear angles. The signal is assumed to remain aligned to the cavity of an OPO, the pump is tilted by a freed angle
relative to the signal while the crystal and idler tilt by variable amounts to achieve phase match.



1.4 Compute crystal properties

The function Ref. Ind. can be used to compute refractive indices, group velocities, group velocity dispersions, and
birefringent walk off for a given propagation angle, temperature, and wavelength. This is useful if you want to make your
own calculations of phase matching, group velocity matching, etc.

3. NONLINEAR MIXING MODELS

HOW do I:

2.1 Model single-pass mixing

The fimctions with ‘mix’ in their title are for single pass mixing, as opposed to mixing in an optical cavity. The fimctions
with the ‘PW prefm model plane-wave mixing, those with the ‘2D’ prefix include Gaussian spatial profiles with diffraction
and birefi-ingent walk off. The functions with suffii ‘LP’ ignore group velocity effects and can be used for ns and longer
pulses or for cw beams. Functions with suff~ ‘SP’ incorporate group velocity effects and are useful for ps and fs pulses.
Suffix ‘BB’ indicates that the pulses are long but broad band so there is temporal structure on a time scale short enough to
require inclusion of group velocity effects. The function Focus is included to help decide the wavefkont curvature at the

crystal entrance face. Generally for mixing low power beams you want to focus into the crystal with a confocal length
comparable to the crystal length. The models of SNLO are based on split-step propagation methods. They are state-of-the-
art in technique, and are all-numerical to cover the widest possible range of applications. I have carefully validated them
against analytical expressions and against each other.

2.2 Model mixing in a cavity (OPO, frequency doubling, etc.)

The functions with ‘OPO’ in their title are for mixing in a cavity. Note that they will model not only OPO’S but also any
mixing process in a cavity such as frequency doubling in a build-up cavity. The fitnctions with the ‘PW prefix model plane-
wave mixing with planar cavity mirrors, that with the ‘2D’ prefix includes Gaussian spatial profiles with diffraction and
birefiingent walk off and can accommodate curved cavity mirrors. The t%nctions with suffix ‘LP’ ignore group velocity
effects and can be used for ns and longer pulses or for cw beams. The function with suffix ‘SPY incorporates group velocity
effects and is intended to model synchronously-pumped OPO’S pumped by ps or fs pulses. The suffix ‘BB’ indicates that the
pulses are of long duration but have a broad bandwidth so there is temporal structure on a time scale short enough to require
inclusion of group velocity effects. Generally for mixing of low power beams you want to use a stable cavity with focusing
mirrrors. The cavity can be designed using the Cavity fimction which will also help you fmd the wavefront curvature of the
input beams at the input mirror, and the cavity round-trip phase which must be known to achieve exact resonance in the
cavity. The models of SNLO are based on split-step propagation methods. They are state-of-the-art in technique, and are all-
numerical to cover the widest possible range of applications. I have carefully validated them against analytical expressions
and against each other.

2.3 Model OPG (optical parametric generation)

The function PW-mix-BB can be used to model OPG in the plane-wave approximation. You must specifj the correct signal
and idler energies, bandwidths, and mode spacings to simulate start-up quantum noise. The mode spacing should be the
inverse of the signal/idler pulse length. For example, if you have a 1 ps pump pulse, you could use 5 ps signal and idler
pulses (to allow for temporal walk of~ and a signal/idler mode spacing of 100 GHz. The bandwidth should be set to several
times the OPO acceptance bandwidth, and the pulse energy of the signal and idler should be set so there is one photon per

mode, ie energy = hvxbandwidth+-(mode spacing). Because the gain is very high for OPG, the number of z integration steps
must be quite large. I suggest you start with 100 steps and double it until the results converge. Each run will use different
start up noise, so convergence does not mean identical results here. A good test is to look at both the irradiance and spectra
plots and make sure they are both similar to the previous run with fewer integration steps.

4. SNLO DOWNLOAD Sandla is a multiprogram laboratory_
operated by Simdh Corporation, a

SNLO is a fkee download at web site http: //www.sandia.gov/imrl/XWEBl 128/xxtal.httn Lockheed Martin C(’’’?~mY.‘or ‘he
United States Depann~ent of Energy
under contrac! DE-AC04-94AL85000.
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Abstract

Six years (1983 to 1989) were spent constructing the Waste Isolation Pilot Plant (WIPP)
in southern New Mexico for disposal of transuranic radioactive waste. However, not until
1999, 25 years after its identification as a potential deep geologic repository, did the
WIPP receive its first shipment of waste. This report presents a concise history in tabular
form of events leading up to its selection, including the development of regulatory
criteria, major political conflicts, negotiated agreements, and technical milestones of the
WIPP. In general, technical programs and engineering analysis of the WIPP before the
mid 1980s were undertaken primarily (1) to develop general understanding of selected
natural phenomena, (2) to satisfy needs for environmental impact statements, and (3) to
satisfy negotiated agreements -between the U.S. Department of Energy and the State of
New Mexico. In the final segment of the project, federal compliance policy was
developed and technical programs and engineering analysis evolved to assess the
compliance of the WIPP with these specific regulations. During this ten-year period, four
preliminary performance assessments, one compliance performance assessment, and one
verification performance assessment were performed.



Preface

The milestones table for the Waste Isolation Pilot Plant (WIPP) Project was originally prepared as a section

in the report, An Introduction to the Mechanics of Performance Assessment Using Examples of

Calculations Done for the Waste Isolation Pilot Plant Between 1990 and 1992, SAND93-1378, by Rob P.

Rechard. The milestones table, a particularly popular section, has been reproduced separately here and has

been updated to include 1996 through 1999. As before, some text accompanies the milestone tables, but the

emphasis remains on the tables because of their usefulness in providing a comprehensive but concise history

of the WIPP. The usefulness of the milestones table is due in part to Anita Reiser, Darrell Munson, and

Wendell Weart, all of Sandia National Laboratories, who helped with verification of information; C.

Crawford of ASAP, Inc., who verified references; M. Minahan and J. Chapman, of Tech Reps, Inc., who

edited the text; and S. K. Best, of Tech Reps, Inc., who placed the text in tables.
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Acronyms/Initialisms

A/E – architect/engineering firm

AEA - Atomic Energy Act, either 1946 (Pub. L. 79-
585-60 Stat. 755) or 1954 (Pub. L. 83-703-68
Stat. 919)

AEC – Atomic Energy Commission, the forerunner of
the DOE, was formed in 1946 (August 1, 1946,
60 Stat. 755).

AG – Attorney General

AL – Albuquerque Operations Office, largest of
several operations offices set up by DOE

ALARA – As low as reasonably achievable with costs
and benefits taken into account; a basic policy of
radiation protection initially proposed in 1948 and
promulgated by NRC in 1975.

BRWM – Board of Radioactive Waste Management,
a permanent board formed in 1968 in the National
Research Council, the operating agency of the
U.S. National Academy of Sciences (NAS)

BSPP – Bedded Salt Pilot Plant, initial name for
WIPP in 1974

C&C – Consultation and Cooperation Agreement
Between the State of New Mexico and the DOE

CAG – Compliance Application Guide, a non-binding
guidance document developed by the EPA to
supplement the WIPP implementing regulation,
Title 40 CFR Part 191

CAMCON – Compliance Assessment Methodology
Controller, computational system for assessing
the performance of a disposal system (usually for
nuclear wastes). When first developed in the early
1990s, this information management system
provided for (1) the interfacing of individual
computer codes of the WIPP PA modeling system,
and (2) quality assurance of the computations.

CAO – Cadsbad Area Office, DOE office for
managing WIPP Project, was formed in 1993 to
replace the WIPP Project Integration Office
(WPIO) that had been established in 1991, and the
WIPP Project Office (wPO), which had been
created in the 1980s and moved to Carlsbad, NM,
in 1984.

CARD – Citizens Against Radioactive Dumping, New
Mexico special interest group

CCA – Compliance Certification Application to the
EPA to evaluate compliance with Title 40 CFR
Part 191 of the Waste Isolation Pilot Plant;
application coordinated by Westinghouse for the
DOE with input from Sandia National
Laboratories

CH-TRU – contact-handled Transuranic waste, packaged
TRU waste whose external surface dose rate does not
exceed 200 mrem per hour and can thus be directly
handled by personnel

CFR – Code of Federal Regulations

DCCA – Draft Compliance Certification Application,
prepared and sent to EPA in 1995

DHLW – Defense high-level waste, that is, high-level
waste (HLW) that has been generated by the DOE in
reprocessing spent nuclear fuel from experimental and
military react ors. Because the possibility of
commercial reprocessing was stopped under the Carter
Administration in 1980 and never initiated thereafter,
only about 72 MTHM equivalents from the West
Valley Demonstration Project in New York or 0.75% is
commercial HLW in the United States. Hence, the
distinction between defense and commercial HLW is
usually unimportant, except when highlighting the
source of HLW or when discussing reprocessing and
disposal plans for HLW in the United States prior to
1980.

DOE – U.S. Department of Energy, formed by DOE
Organization Act (Pub. L. 95-91, 91 Stat. 565), which
replaced the Energy Research and Development
Agency (ERDA). ERDA was formed by the 1974
Energy Reorganization Act (Pub. L. 93-438) and
replaced the Atomic Energy Commission (AEC), which
was formed in 1946 (August 1, 1946, 60 Stat. 755).

DOI – U.S. Department of Interior

DOL - U.S. Department of Labor

DOT – U.S. Department of Transportation

EDF – Environmental Defense Fund, U.S. environmental
special interest group

EEG – Environmental Evaluation Group, formed in 1978
by New Mexico from funds provided by the DOE to
conduct independent technical evaluation of the WIPP.
The National Defense Authorization Act, Fiscal Year
1989, Pub. L. 100-456, Section 1433 assigned
administrative oversight of EEG to the New Mexico
Institute of Mining and Technology.

EIS – Environmental Impact Statement, environmental
documentation required by federal law (NEPA) (Pub.
L. 91-190) for large, federally funded programs

EPA – U.S. Environmental Protection Agency, formed by

Congress on December 2, 1970, in Reorganization Plan
No. 3 of 1970 (5 U.S.C. 903; 40 CFR 1). In this act,
Congress transferred to EPA the tasks of monitoring
research, setting standards, and performing enforcement
activities related to pollution abatement and control
such that the environment could be considered as a
single, interrelated system.

v



ERDA - Energy Research and Development Agency,
a forerunner of the DOE, was formed in 1974
(Pub. L. 93-438).

FEPs – features, events (natural and anthropogenic
phenomena of short duration), and processes
(natural phenomena of long duration)

GAO – General Accounting Office, U.S. Congress

HLW - High-level (radioactive) waste, “. the
highly radioactive material [tission products and
some actinides,] resulting from the reprocessing of
spent nuclear fuel, including liquid waste
produced directly in reprocessing and any solid
material derived from such liquid waste that
contains fission products in sufficient
concentrations . .“ (NWPA, 1982, $2[12])F2h.
Although not used in this manner in this report,
general articles regarding radioactive waste use the
term high-level waste to imply any combination of
spent nuclear fuel and HLW (and sometimes
transuranic [TRU] waste) that requires disposal in
a deep, geologic repository. 10 CFR 60, which
was promulgated by the NRC prior to NWPA, also
includes spent nuclear fuel in its definition of
high-level waste.

HSWA - Hazardous and Solid Waste Amendments of
1984 (Pub. L. 98-616) (see also RCRA)

IAEA - International Atomic Energy Agency, Vienna,
Austria, established in 1957 by General Assembly
of the United Nations to foster research and
development in the peaceful uses of nuclear
energy

INEEL – Idaho National Engineering and
Environmental Laboratory, a multiprogram
laboratory in Idaho Falls, Idaho, furnishing

engineering services and products on primarily
nuclear energy and related technologies. The
Idaho Chemical Processing Plant (ICPP) at the
Idaho site processes highly enriched uranium fuel
from spent nuclear fuel stored at the site. In
addition to receiving spent nuclear fuel from
throughout the DOE defense complex, it stores a
large volume of TRU waste from Rocky Flats
destined for the WIPP. Prior to 1970, it buried
this TRU waste, but now stores it on the surface.

IRG – Interagency Review Group on Nuclear Waste
Management. The Carter Administration formed
this group on the recommendation of Secretary of
Energy Schlesinger. The group consisted of the
DOE and eight other agencies together with
several entities within the Executive Branch,
including the Council on Environmental Quafity.

LANL – Los Alamos National Laboratory, a
multiprogram laboratory in Los Alamos, NM,
conducting research and development on all facets
of nuclear weapon design and basic research in a

vi

variety of areas. A large volume of TRU waste stored
on site is destined for the WIPP.

LEAF – Legal Environmental Assistance Foundation, U.S.
environmental special interest group

LWA – Waste Isolation Pilot Plant Land Withdrawal Act
(Pub. L. 102-579-106 Stat. 4777)

MED - Manhattan Engineering District of Army Corps of
Engineers; assigned task of developing atomic bomb in
1942

MIT - Massachusetts Institute of Technology

MTHM – metric tons of heavy metal; regulatory mass unit
in Title 40 CFR Part 191 where heavy metal is all the
uranium, plutonium, and thorium ini[ially placed in a
nuclear power reactor

MRS – Monitored Retrievable Storage Facility for spent
fuel from commercial power reactors, proposed in 1982
in NWPA and discussed in 1987 in NWPAA (see also
RSSF)

NAS - National Academy of Sciences, a private, nonprofit,
self-perpetuating society of distinguished scholars
engaged in scientific and engineering research. The
Academy was chartered by Congress in 1863 with the
mandate to advise the federal government on scientific
and technical matters.

NEFTRAN – network flow and transport computer
program

NEPA – National Environmental Policy Act of 1969,
federal law that sets environmental policy by requiring
an environmental impact statement on all major federal
project (Pub. L. No. 91-190, 83 Stat. 852)

NMED – New Mexico Environment Department.

NRC - Nuclear Regulatory Commission, formed by the
1974 Energy Reorganization Act (Pub. L. 93-438) from
the – tornic Energy Commission

NRDC Natural Resources Defense Council, U.S.
environmental special interest group

NWPA – Nuclear Waste Policy Act of 1982 provides a
national policy for the interim storage, monitored
retrievable storage, and eventual disposal of radioactive
waste.

NWPAA – Nuclear Waste Policy Amendments Act of
1987, amendments to the NucCear Waste Policy Act of
1982 specifying that only a repository site at Yucca
Mountain was to be characterized by the DOE and
placing less emphasis on the monitored retrievable
storage option

ORNL – Oak Ridge National Laboratory, Y-12 Plant, Oak
Ridge Reservation, Oak Ridge, TN. A large volume of
TRU waste in storage is destined for the WIPP.

OTA – Office of Technology Assessment, U.S. Congress



PA – Performance assessment, the process of
assessing whether a system meets a set of
performance criteria. For the WIPP PA, the
pr-ocess isa stochastic simulation. Thesystem isa
deep geologic repository disposal system (in salt)
for DOE TRU waste. Theperfonnance criteria
are various long-term environmental metrics in
U.S. government regulations (not short-term
operational safety issues).

PRA – Probabilistic risk assessment, the process of
assessing, through a stochastic simulation, the
risks from a system. A PRA is identical to a
performance assessment (PA) in the United States;
however, the connotations of the two terms differ.
A PRA usually connotes (a) a system composed
solely of human-engineered components, and (b)
performance criteria that include risk to health
over a short time (e.g., human lifetime) relative to
geologic time. A PA usually connotes a system
composed of both natural and human-engineered
components over geologic time. Because the time
frame is different, many phenomena for a PRA can
be termed events (short-term phenomena); because
the components are all human engineered,
measured failure rates of components are often
available. The modeling tools in a PRA can
include elaborate event and fault trees and can
substitute empirical data for mechanistic models.
For a WIPP PA, the event trees are simpler, fault
trees are not used, and mechanistic models are
used directly.

QA – quality assurance, all those planned and
systemic actions necessary to provide adequate
confidence that a structure, system, or component
will perform satisfactorily in service. Quality
assurance for a product is ensuring that the
product does what it is supposed to do to meet the
specifications of the customer. The customer
expectation, as related to a performance
assessment, is that the analysis results present an
adequate view (primarily from a legal standpoint)
of the WIPP performance based on currently
available data and information.

RCRA – Resource Conservation and Recovery Act of
1976 (Pub. L. 94-580) and, as used herein,
subsequent amendments (e.g., HSWA, Hazardous
and Solid Waste Amendments of 1984, Pub. L. 98-
616). RCRA establishes a procedure to track and
control hazardous wastes from time of generation
to disposal. Regulations in Title 40 CFR Parts
260-281 implement RCRA with respect to
hazardous waste and hazardous waste treatment.

RH-TRU – remotely-handled transuranic waste,
packaged TRU waste whose external surface dose
rate exceeds 200 mrem per hour, but not greater
than 1000 rem per hour, and thus must be handled

RSSF – Retrievable Surface Storage Facility for spent
nuclear fuel and high-level waste proposed in 1972 by
the AEC

RWMC - Radioactive Waste Management Complex, a
nuclear waste storage facility for the DOE complex
built in 1952 at Idaho National Engineering and
Environmental Laboratory (INEEL)

SA – Stipulated Agreement between the State of New
Mexico and the DOE

SAB – Science Advisory Board, EPA

SAR – Safety Analysis Report

SNF – spent nuclear fuel, “. . fuel that has been
withdrawn from a nuclear reactor following irradiation,
the constituent elements of which have not been
separated by reprocessing” (NWPA, 1982)m6. Spent
fuel can include intact and failed fuel assemblies,
consolidated fuel rods, non-fuel components that are a
part of a fuel assembly (such as neutron sources,
instrumentation, and fuel channels). Although spent

nuclear fuel has fissionable 235U, it contains too many
radionuclides (primarily short-lived) that adsorb
neutrons from the fission process for it to be usefully
left in the reactor. Because of spent nuclear fuel’s high
value, some countries choose to recycle it (recycling
becomes more attractive after the short-lived fission
products have decayed away). It is also designated
separately from other high-level and transuranic wastes
in the U.S. Environmental Protection Agency’s standard
on disposal of radioactive wastes, Title 40 CFR Part
191.

SNL – Sandia National Laboratories, a mrdtiprogram
laboratory located in Albuquerque, NM, and
Livermore, CA. SNL is operated and managed for the
DOE by the Sandia Corporation. From 1949 until
October 1993, Sandia Corporation was a wholly owned
subsidiary of AT&T. Sandia Corporation is currently a
wholly owned subsidiary of Lockheed Martin
Corporation.

SPDV – Site and preliminary design validation phase
performed by Bechtel National, Inc.

SPM - System Prioritization Methodology, developed by
Sandia in 1994 and 1995 as an attempt to combine
probabilistic performance assessment results with
decision theory to help prioritize experimental work
conducted for the WIPP

SRP – Savannah River Plant Laboratory Production
Reactors Defense Waste Processing Facility, located
southeast of Apgusta, Georgia. A large volume of TRU
waste produced and stored on site is destined for the
WIPP.

SWCF – Sandia WIPP Central Files

SWIFT II – Sandia waste isolation flow and transport
computer code initially developed in the late 1970s and
updated in the mid 1980s

remotely
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SWRIC – Southwest Research and Information
Center, New Mexico special interest group

TRU – TRansUranic, aIl elements of the periodic
table having atomic numbers greater than 92

TRUPACT-I – Transuranic Package Transport,
design I, designed to be a vented package in the
same shape and size as standard shipping
containers to facilitate shipment. The EEG
objected to a vented container; so the package was
completely redesigned (see TRUPACT-11)

TRUPACT-11 - Transuranic Package Transport,
design H, designed to be a pressurized
hemispherical package for use on flatbed trucks

USGS – U.S. Geological Survey, Department of Interior
(DOI)

WIPP – Waste Isolation Pilot Plant, a full-scale research
and development repository for transuranic wastes near
Carlsbad, NM. WIPP was authorized in 1979 (Pub. L.
96- 164) for the management, storage, and eventual
disposal of waste generated by DOE defense programs
that is contaminated with transuranic radionuclides and
some RCRA hazardous chemicals.

WPIO – WIPP Project Integration Office, formed in 1989,
forerunner of the Carlsbad Area Office (CAO)

WPO – WIPP Project office, forerunner of the Carlsbad
Area Office (CAO)

VIII



Milestones for Disposal of Radioactive Waste at the
Waste Isolation Pilot Plant

New Mexico has a long history of involvement in
nuclear phenomena: In 1942, the Manhattan
Engineering District (MED) of the Army Corps

of Engineers selected New Mexico for
assembling the scientists, engineers, and
technicians to develop the first atomic bomb and
what was to become Los Alamos National
Laboratory and Sandia National Laboratories
(SNL). In 1945, the first atomic explosion
occurred in the desert near Alamogordo, New
Mexico. In 1961, the U.S. detonated a device to
explore nonmilitary uses of nuclear explosives in
bedded salt near Carlsbad, New Mexico (Gnome
Project).T8 Since 1973, New Mexico has been a
potential disposal site for waste contaminated
with transuranic (TRU) nuclear elements created
during the production of nuclear weapons.T7 A
brief description of this latter aspect is presented
below followed by a detailed tabulation of
milestones of the Waste Isolation Pilot Plant
(WIPP).

Early History of Nuclear Waste
Disposal Related to the WIPP

Around 1944, the MED initially decided to bury
solid nuclear waste in shallow trenches and
augered holes at Los Alamos National
Laboratory in New Mexico, and in railroad cars,
trenches, and, underground caissons at the
Hanford Reservation in Washington. Liquid
nuclear waste was stored in ponds at both sites.
The Atomic Energy Commission (AEC), formed
in 1946F] and the precursor to the Department of
Energy (DOE), continued the practices of the
MED. The AEC also constructed storage tanks
in the late 1940s at Hanford and completed a
nuclear waste storage complex at Idaho National
Engineering and Environmental Laboratory
(INEEL) in 1952.

From 1955 through the late 1960s, the AEC
explored more permanent solutions for
radioactive waste disposal in the United States,

beginning with its request in 1955 that the
National Academy of Sciences (NAS) examine
the disposal issue.D2 In 1957, the NAS reported
that while various options and disposal sites were
feasible, disposal in salt beds was the most
promising method to explore.T3 The NAS

reaffirmed that recommendation in 1961.

Frustration at the lack of a formal waste policy at
AEC caused the NAS to strongly criticize AEC
disposal practices in 1966.N4’‘7’’14

In 1970, the Board of Radioactive Waste
Management of the NAS concluded that bedded
salt was satisfactory and was the safest choice
then available for nuclear waste disposal.T4’ ’16’
‘*9 From 1961 through the early 1970s, Oak
Ridge National Laboratory (ORNL) conducted
radioactive-waste disposal experiments, most
notably Project Salt Vault in an abandoned salt
mine near Lyons, Kansas, from 1963 to 1967.T10’
T11

In May 1969, the Rocky Flats Plant, built by the
AEC in 1951 to machine plutonium for nuclear
weapons, caught fire. Located only 26 km (16
mi) from Denver, Colorado, the fire attracted
public attention. In its coverage, the press
reported that the cleanup waste was eventually to
be sent to Idaho.T15 Idaho state officials voiced
concerns that it was becoming the nation’s
nuclear waste disposal site by default. Hence,
the AEC quickly moved to find a more suitable
site and tentatively selected the Kansas mine as a
repository in June 1970. At the same time, the
AEC told Idaho Senator Church that the waste
stored in Idaho would be removed by 1980 and
sent to the salt mine.D7 Later in 1970, a

conceptual design was completed for a nuclear
waste repository in salt.

Earlier in the year, in March 1970, the AEC had
directed that thereafter TRU nuclear waste would
be retrievable stored on the surface in Idaho and
elsewhere rather than disposed of in trenches
with low-level waste. In a related action, the
AEC directed in 1971 that high-level waste
(HLW) be solidified within five years, stored
retrievable at all DOE facilities, and delivered to
a federal repository within 10 years.DG

In the same year, a large number of drill holes
and some solution mining were discovered at the
proposed repository site near Lyons, Kansas.T15
Soon after, Congress directed the AEC to stop
work on the Lyons project until safety was
certified.
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Although the Lyons project was not officially
abandoned until 1975, the AEC announced plans
in May 1972 for a Retrievable Surface Storage
Facility (RSSF).D9 However, the recently formed
U.S. Environmental Protection Agency (EPA)
and anti-nuclear groups claimed the RSSF to be
de facto permanent disposal, which prompted the
AEC to continue searching for a more suitable
disposal site. T21-2g

Early Studies at the WIPP*

With the encouragement of local citizens and the
tacit approval of Governor Bruce King, the AEC,
ORNL, and the United States Geological Survey
(USGS) recommended the extensive salt beds of
southeastern New Mexico.T29 After an initial
study of existing information, a potential site
near the edge of the basin was identified in 1973.
The first large-scale field test was conducted in
March 1974 when ORNL drilled wells AEC-7
and AEC-8.T144 Also, in 1974, ORNL conducted
the first scenario development and deterministic
analysis for the proposed repository, ‘7 although
the project was suspended two months later.

In April 1975, SNL was chosen as the lead
laboratory to (a) select and characterize,T34 (b)
develop a conceptual design,T40 (c) draft an
environmental impact statement (EIS),D1 and (d)
initiate scientific studies for the repository.T39
After some site characterization, SNL
recommended locating the WIPP site nearer the
basin center where the stratigraphy was more
predictable.T15’ ’33’’34 (A minor repositioning of
the disposal panels also occurred in 1982.) The
newly positioned site would become the current
WIPP repository, near Carlsbad, New Mexico.D1]

National policy issues, court settlements, and
negotiated agreements had a strong influence on
the amount and type of scientific data collected
during the early phase of the WIPP Project. The
passage by Congress of the National

Environmental Policy Act of 196#3 established a
broad national policy requiring an EIS on large

‘ Because the Waste Isolation Pilot Plant (WIPP) Project

spans more than 25 years, more events and milestones have

occurred than can easily be covered in a few pages; thus, the

description is selectivetothoseissuesthat do not require

extensive explanations. However, the large influence of

national and regional policy on the type and extent of

scientific studies conducted at the site is still evident.

federally funded projects. The EIS process
exerted its influence during the 1970s as the
AEC, which later became the Energy Research
and Development Agency (ERDA) and then the
DOE,** continued investigations on bedded salt

in general and, specifically, the salt deposit in
New Mexico as a satisfactory medium for
hosting a repository.

SNL’S support of the EIS consisted of (among
other things) detailed computer modeling of
radioisotope escape through human intrusion and
faulting, and the potential transport of
radioisotopes through the aquifer overlying the
WIPP to the Pecos River over a 250,000-year
time frame (-10 half-lives of 239Pu), followed by
dose calculations to humans. ”

During 1978 and early 1979, and without
consultation with the State of New Mexico, the
mission of the WIPP oscillated between
including and excluding commercial spent
nuclear fuel (SNF) and HLW in the repository, in
addition to TRU wastes.D]b’ ‘1’ Also, the new
Carter administration required a fresh look at
sites and options for nuclear waste disposal. D18-20

Because some of the examined options created
uncertainty about DOE’s intentions within the
state and were counter to the ideas of some
Congressional members, Congress firmly
established the purpose of the WIPP Project as a
research and development facility for storage and

disposal of TRU waste only (i.e., HLW and
commercial and defense SNF were excluded).
Congress also specifically exempted regulation
by the Nuclear Regulatory Commission (NRC)
and thus by default granted self-regulation to the
DOE.**’ A national advisory group, the WIPP
Panel, which was set up under the Board of
Radioactive Waste Management of the NAS,D11’
’137 and an independent state-selected group, the

““The Atomic Energy Commission (AEC) was formed by the

Atomic Energy Act of 1946.F’ The Energy Research and

Development Agency (ERDA) and the Nuclear Regulatory

Commission (NRC) were formed by splitting the Atomic

Energy Commission in the 1974 Energy Reorganization

Act.F’o ERDA became the Department of Energy (DOE) in

1977.F’6

““-Although regulation by the Nuclear Regulatory

Commission (NRC) would have been possible, the NRC had

been established to regulate primarily commercial nuclear

reactors and waste. Also, Congress did not favor NRC

oversight of defense-related activities.
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New Mexico Environmental Evaluation Group
(EEG), were established on the initiative of the
DOE to monitor its self-regulation.

After the final EISD1 was published in 1980 and a
record of decision published in January 198 1,D24

the DOE proceeded to the preliminary design of
the WIPP. Planning activities included a site and
preliminary design validation (SPDV) phase,
consisting of drilling two shafts in 1981 and
1982 and mining an experimental area. Full
construction of the WIPP surface facility, an
extensive underground experimental area, and
one underground disposal panel began in 1983
after meeting the terms of the “Consultation and
Cooperation Agreement” with the State of New
Mexico and continued to completion over the
next five years. Simultaneously with design and
construction, SNL began fielding many in situ
salt creep experiments to characterize the local
disposal system.T42’ ’68’ ’77 Although, from a
practical standpoint, the predicted and measured
values of creep were close, the measured salt
creep was nevertheless about three times greater
than the predicted values noted in 1985,Tg’>’82

and so by 1989 an alternative mathematical
expression for the creep phenomenon was
developed.T99

In addition to developing a general
understanding of selected natural phenomena as
deemed prudent by SNL scientists (working with
peers in waste management) and/or scientists on
the WIPP Panel of the NAS,D] 1’’137many of the
geotechnical experiments conducted during the
1980s were undertaken to satisfy agreements
with the State of New Mexico. Specifically, in
1981 in response to a lawsuit, a “Stipulated
Agreement” and the “Consultation and
Cooperation Agreement” mentioned earlier were
negotiated that defined the relationship of the
WIPP Project with the State of New Mexico and
listed required geotechnical experiments to be
conducted primarily by SNL.N8

These requirements and early drafts of the EPA
nuclear waste disposal regulation in Title 40 of
the Code of Federal Regulations Part 191 (40
CFR 191) influenced the type of in situ
experiments and activities initially planned at the
WIPP. For example, when the WIPP- 12 was
deepened in 1981 as part of the negotiated
settlement with the State of New Mexico, the
project encountered a brine reservoir,T@ which
resulted in moving the disposal region -1800 m

to the south in 1982. By March 1983, SNL and
the USGS had examined many of the
geotechnical issues. For example, they had
explored and dismissed the possibility of
extensive dissolution disrupting the
repository .T697’70

The decision by Congress in 1987 to characterize
only Yucca Mountain, Nevada, for the first
commercial SNF and HLW repositoryF35 caused
the DOE to cancel many of the experiments
being performed at the WIPP in support of a
potential commercial repository elsewhere in
bedded salt. The presence or absence of
additional pockets of brine below the repository
became of concern to the EEG in the early
1980s. Therefore, some studies were conducted
to try to dismiss their presence.T74 Though the
studies strongly suggested brine pockets were not
present below the waste rooms in the anhydrite
layer in which other brine pockets had been
found, the studies were unable to show
unequivocally that brine pockets did not occur in
deeper anhydrite layers in the Castile Formation.
Long-term slow seepage of brine trapped in the
salt into the repository became a topic of great
interest in 1988,N*6 and the full Board of
Radioactive Waste Management of the NAS
examined the issue. Members of the NAS
concluded that rapid salt creep combined with
low permeability of the salt meant that the
repository would be fairly well consolidated
before much brine could enter the repository.Tw

In preparation for the WIPP’S planned opening
by the end of the 1980s, SNL summarized past
work and data, and performed numerous
bounding calculations to support a Draft
Supplemental EIS in 1989.D34’’48 The summary
identified gas generation—the gas being
generated through anoxic corrosion of waste
containers and degradation of organic material—
as an important issue to study.T48 This issue had
been identified in the mid 1970s,T47 but it was
dismissed based on the assumption that high salt
permeability values obtained from measurement
in boreholes drilled prior to excavating the
repository would allow any gas generated to
dissipate without producing large pressures.

Studying gas generation became an important
purpose of proposed tests using actual TRU
waste within the repository during a monitored
pilot phase, after better in situ measurements of
the salt permeability within the excavations in the
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mid 1980s suggested values three orders of
magnitude less than those measured in the mid
1970s.T90 However Congress stipulatedin 1992

that the waste could be brought to the WIPP
prior to demonstrating compliance only if the
tests were scientifically necessary. Although the
tests would have been potentially reassuring asa
demonstration, the monitored pilot phase was not
considered a scientific necessity.

Therefore, in October 1993, the NAS
recommendedT124 to eliminate the tests with
actual waste at the WIPP (pilot phase) and to
perform additional experiments in

laboratories.D38 Without a pilot phase, the DOE

decided to accelerate to the compliance phase for
the WIPP and closed the in situ experimental
area in October 1995.

Compliance Setting for the
WIPP

A major task of the WIPP Project, which was
initiated about 1986, was developing evidence of
compliance. The promulgation of 40 CFR 191 in
1985 established the primary probabilistic
regulation with which the WIPP would have to
comply. However, a legal ruling in 1984F30 and
regulations in 1986 and 1987D31 resulted in
defining as much as 60~0 of the waste destined
for the WIPP as chemically hazardous. This
legal ruling established another set of regulations
that the WIPP also had to comply with—those
for hazardous waste (40 CFR 260-270 and
analogous New Mexico regulations) promulgated
in response to the Resource Conservation and

Recovery Act (RCRA).F13

In 1992, Congress defined the process by which
the WIPP compliance would be evaluated,
transferred ownership of the WIPP site to the
DOE, and designated the EPA (rather than the
DOE) as the regulator of the WIPP (Waste

Isolation Pilot Plant Land Withdrawal Acf45).

This act officially marked the transition from the
construction and disposal-system-characterize-
tion phase to the compliance and testing phases.
However, these latter phases had begun
informally in 1985 and 1986 when the EPA
issued 40 CFR 191F17 and its interpretation of
mixed hazardous waste, and in 1989 when SNL
first assessed performance using the EPA

standard.T] 10’111

Finally, in 1996, the EPA promulgated 40 CFR
194, a regulation to implement its 40 CFR 191
standard, which imposed several new
interpretations, such as expanded human

intrusion activities (specifically, potash mining),
and requirements, such as peer review on waste
characterization, engineered and natural barriers,
and conceptual models.F53 Also in 1996,

Congress removed one of the RCRA land
disposal requirements (i.e., seeking a no-
migration variance), which required calculations
similar to those for 40 CFR 19 1.F54

Development of Methodology for
Assessing Compliance of the

WIPP

The history of assessing performance of a
geologic disposal system began formally in 1976
when the ERDA funded two conferences to bring
engineers and geologists together to explore the
modeling of geologic disposal systems. By
1977, demands for permanent solutions to
nuclear waste provided an impetus for President
Gerald Ford to request the EPA to more
vigorously pursue applicable standards for
proposed waste repositories.D12> ’13

During the EPA’s development of 40 CFR 191 in
the late 1970s and early 1980s, analysts at SNL
were advocates for a thorough approach in
evaluating modeling uncertainty (caused by
various parameters in models of the exposure
pathways and the uncertainty about the various
pathways) as a way to gain insight about the
behavior of a geologic waste repository. For
example, an analysis that SNL had conducted for
the EIS had relied heavily on mathematical
modeling.

SNL’s position on this matter had developed
indirectly from participation by a few Sandians
on the 60-member team for the Nuclear Reactor
Safety StudyF12 and Sandia’s direct involvement
on several subsequent reactor accident studies for
the NRC. In addition, SNL’S advocacy for a
probabilistic approach was influenced by its use
of the approach in evaluating the reliability of
weapons systems and also by the growing
acceptance externally for evaluating
technological risks.

During this period, the term performance
assessment (PA) was adopted internationally to
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describe the process of evaluating whether a
geologic disposal system complied with the
regulatory criteria-criteria that were
probabilistic in the United States, thus making
the assessment identical to probabilistic risk
assessments (PRA) for nuclear reactors.

Performance assessments of systems for the
disposal of radioactive wastes nevertheless
differed from most simulations used by federal
agencies to explore policy options in two
significant and related ways. First, in contrast
with simulations for policy analysis, the EPA
chose to use the PA results for the WIPP
ultimately to test compliance of a real system
with an existing environmental standard, not
merely to gain insight into the behavior of the
system. Second, the fact that part of the disposal
system was geologic created several differences
with some other types of risk assessments. For
instance, the geologic portion of the disposal
system introduced the necessity to characterize
rather than design. Furthermore, geologic
components of a waste disposal system are
subject to natural processes over geologic time
with no discrete failure points; hence, computer-
implemented phenomenological models were
needed in order to include geologic processes.

In August 1986, SNL accepted DOE’s formal
request to take responsibility for showing
compliance of the WIPP with 40 CFR 19 1.D29’’30
To gain proficiency and also to enable the
project to better adapt efforts to collect
information on important processes, SNL
conducted four preliminary performance
assessments from 1989 through 1992, each one
building upon the other.

T11O,Till, T116, T117, T121, T125

The use of mathematical models and the general
long-term flow path for radioisotope release was
similar to the initial EIS, but the simulations were
stochastic and numerous complexities were
added, such as human intrusion causing
radioisotope releases from drill cuttings. Hence,
between January 1988 and December 1991, a
significant effort was expended in developing a
computational modeling system, CAMCON.T3]’
’91’’92”* 15 Furthermore, vast numbers of records
and documents were produced to ensure that the
reasoning behind choices for data and models
was traceable and repeatable.

In October 1996, the performance assessment for
the Compliance Certification Application (CCA)
was submitted to the EPA showing compliance

with 40 CFR 19 1.T*35’’13sWhile not responsible
for evaluating compliance, the NAS also issued a

report in October that noted the excellent
features of the WIPP site for containing nuclear
waste. ‘137’ ’138 These same conclusions were
echoed in the 84,000-page second Supplemental
EIS issued in November.m3

Between 1995 and 1997, the EPA and its
contractors evaluated the CCA and supporting
documentation.F55 The Conceptual Model Peer
Review Group (formed in response to
requirements in 40 CFR 194) concluded in early
1997 that 22 of the 24 conceptual models were
adequate. The panel thought that, though
conservative, the model for spallings
(particulate carried to the surface by pressurized
gas and/or brine during a hypothetical drilling
intrusion in the repository at a future time) lacked
sufficient realism; hence, the panel required the
model to be redeveloped. The panel also thought
the description of the behavior of the magnesium
oxide (MgO) backfill needed improvement.
During the next few months, more detailed
calculations of the spalling phenomenon were
run to demonstrate the conservatism of the
current model and DOE’s commitment to
develop a more realistic model before the next
certification in five years.T140 Also, additional
information was provided on the behavior of the
MgO backfill such that the Conceptual Model
Peer Review Group concluded in an April
meeting that these two modeling issues had been
resolved. In addition, under the direction of the
EPA, the PA calculations were rerun by SNL
during the spring and sununer, using EPA-
selected values and distributions for 26
parameters to help bolster EPA confidence in the
results.

Finally, in October 1997, the EPA published a
draft rule proposing to approve the WIPP.F57’ ’58
In May 1998, the EPA issued certification.F59 In
March 1999, Judge Penn lifted his injunction
associated with a 1992 lawsuit by the State of
New Mexico, and four days later the WIPP
received its first shipment of non-RCRA
waste. T142, T143

Summary

The opening of the Waste Isolation Pilot Plant on
March 26, 1999, was the culmination of a
regulatory assessment process that had taken 25
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years. National policy issues, negotiated
agreements, and court settlements during the first
15 years of the project had a strong influence on
the amount and type of scientific data collected
up to this point. Assessment activities before the
mid 1980s were undertaken primarily (1) to
satisfy needs for environmental impact
statements, (2) to satisfy negotiated agreements
with the State of New Mexico, or (3) to develop
general understanding of selected natural
phenomena associated with nuclear waste

disposal.

In the last 10 years, federal compliance policy
and actual regulations were sketched out, and
continued to evolve until 1996. During this
period, stochastic simulations were introduced as
a tool for the assessment of the WIPP’s
performance, and four preliminary performance
assessments, one compliance performance
assessment, and one verification performance
assessment were performed.



Detailed Tabulation of WIPP Milestones

In the following tabulation of WIPP milestones, the history of the WIPP is divided into four main

categories. One category highlights technical milestones, and three categories highlight the major political

events that have influenced the WIPP Project, as briefly summarized above. Noteworthy events from all

four categories are also shown schematically. The tabulation also indicates two temporal categories of the

WIPP Project-one used officially by the DOE for the project as a whole and one used informally by SNL

to describe its various activities.



r HI.6S42-6212

8



9



Milestones for Disposal of Radioactive Waste in the United States

Time Noteworthy
Events

1972 Lyons
me judged
macceptab19

@

LY NS

u 1973
Carlsbad

* location
chosen

wclear
-aactors

1974 ORNLconducts

~~~..;,
Scenariodevelop Il. = *
men!and
consequence ‘W -.,
malysis OfWIPP 4

,,

m;::::: moved toward

. . . . .

k-
1976 ERDA.9driKed
at center of WIPP site

. . r ,+................

976Ford” ““
dors demonstratwn of
mlear waste disposal

979 Bishop,s Lod eCom
#~renceto explore RA

Technicsl
Milestones Related

to the WIPP

~ 1973- Nationwide search for suitable salt
site resurm?d.~~>,TZ,ZZ.714.T26.Ta,TZ7,TZ8,7m
AEC, USGS, and ORNL recommend south.
eastern NM (lack of boreholes 2 miles from
site impoftant selection criterion but relaxed
to 1 mile in 1975).

-—- --- .— -- --
~ 1974- Man ORNL begins field mvestigatior

for the Bedded %lt Pilot Plant (BSPP) by
dfilkng AEC-7 and AEC-8. ‘30.m) Aug: Dra
of first major Probabilistic FUskAssessment
(PRA) pub fished on fwo reacfors by 60 merr
ber team for Nuclear Regulatory Commissio
(NRC): method uses fault trees to synthesiz
probability of totat system failure. 732Ott:
ORNL conducts flffit scenario development
and determinisffc analysis for WIPP, 17 Prot
bifify of meteorite impact, proba~fify of fault
(and volcanism), and exploratory drltling inte
secfing disposal area estimated.

~ 1975- Mar: Sa.da National Laboratodes
(SNL) receives fun~ng and starts four tasks
selecting site and characterizing, producing
conceptual design, drafting EIS, initiating
scientific studies. May ERDA.6 dtifled at
NW corner of otiginal ORNL sitq encounten
deformed salt beds and hits brine and H2S
much deeper.”3 SNL recommends
relocation and project moves site -11 km
(7 mi) toward center of Delaware Basin to
avoid deformed salt beds as indicated by oil
well fogs. 115’34 SNL begins screening grob
to use for pfugging borehole3 ‘“

~ 1976- SNL begins site charactefizafion and
engineering design program at new sale;var
ous natural backfills such as apatite or salt
bentoni[e considered for use in repository. ”
Parsons, Btinckerhoff, Quade, and Douglas,
Inc. describe hypothetical HLW reposito~ in
bedded salt for Office of Nuclear Waste ISOII
tion of ERDA. 737 APK ERDA-9 drilled into
Castile Formation near center of new site.
Laboratoy tests on TRU waste behavior an,
HLW packages iniwated. ’38’31

U.S. President
and DOE:

Directives and Decisions

~ 1972- May AEC abandons Lyons
project. AEC announces Plans for
Retrievable Su!face Storage Facillty
(RSSF) for radioactive wastes. “’ AEC
Chairman asks for Probatillsfic ,%k
Assessment (PRA) of core meftdown.

D 1973. AEC Chairman: D.L. Ray

--- ---- --—— -
B 1974- AEC promises Idaho that wastes

wit be shipped in the 1980s. MaY WIPP
work suspended until 1975 because AEC
wishes to emphasize RSSF and AEC
Chairman Ray will not withdraw land from
oil exploration because of oil embargo. ‘<0

) 1975- Jan: ERDA asks SNL, located in
NM, to oversee investiaafions rather than
ORNL and suggests a; opening date of
1982. ERDA removes WIPP from
commercial repository program.

~ 1976- Jan: Project is officially named the
“Waste Isolation Pilot Plant.””’ Ocl: Ford
orders major expansion of ERDA program I
demonstrate permanent tisposal for nuclec
waste by 1985 and orders EPA to develop
generally applicable standards. ’12 Dj3 ER[
funds conference on modeling of geologic
dmoosal svstems to brina enaineer3 and
geologists”together to ex~lor; predicting
geological features, events, and processes
(FEPs). ””

Federal Legislation, Judicial
Decisions, and Regulatory

Requirements Related
to Nuclear Waste Disposal

b 1972- EPA and anti-nuclear groups
clalm RSSF de facto permanent dkposal
in RSSF EIS. ‘n ‘Y

-—- --— —-- ---
) 1974- Ott Energy Reorganization Act ‘~”

splits AEC into Nuclear Regulatory Commis-
sion (NRC) and Energy Research and Devel
opment Agency (ERDA) effeCtive Januafy
1975.

B 1975. NRC promulgates “AS Low As
Reasonably Achievable(c (ALARA) policy
for hmifing ratiafion exposure.”’ Octi NRC
final PRA for nuclear reactors. ‘“

) 1976. ReSOWCeConsewafion and Recovery
Act (RCRA)”3 seeks to reduce or eliminate
hazardous waste generation to minimize
present and future thraat to human health am
environment. Dee: EPA announces intent to
develop radiation protection standards for
HLW tisposal. ‘<Q NRC funds panel ot earth
scientists to identify events and processes
that could dsrupt a generic repository. ‘“

Legal Challenges and
New Mexico, National,

and World Issues

~ 1973- With tacit approval of Gov. King,
local political leaders and potash mme
operators invite AEC to southeastern NM.
(This strong local and political support
from southeastern NM facditates the
WIPP process.) ‘4 Ocv Arab oil embargo 1
against U.S.

~ 1974- Gov. King establishes Governor’s
Technical Excellence Committee; creates
WIPP oversight subcommittee.

--- --— —-—
I 1975- AG: Anaya.

-—
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1977 WIPP conced.al
design with ‘.
two
levels ~, ij.~~

,.
,,,, ,

@+

.(
1977 DOE

*K created

1978 Oversight by WIPP
panel of NAS
and NM EEG
begins

978 SNL tests gas’
Ieneralion potential of

1979 Con ress defines
bmission of IPP

A

and passes WIPP {.
b!ll for TRU “
waste only :ln/,

1979 Draff EIS on WIPP
has option for comnwnxl
SNF and conducts

;~)~y’” II ““!,
L
,7
,/, ,

~ 1977- JUIX SNL issues conceptual design
reporf of WIPP reposibxy wlfh two levels. ’40
WIPP conceptual design report issued. 140
SNL plugs ERDA-i Oto test plugging
boreholes in salt. “’ 142 INEEL begins risk
analysis of alternatives for TRU wa9te 9tored
and burfed at RWMC over next 4 yr. ’63 Los
Alamos, Savannah Fdver, and Hanford begin
slmllar studies as well. Human intrusion evel
significant contributor to consequences in
these studies,

r 1978- SNL begins design of the Transuranic
Package Transporf, design I (TRUPACT-1)
using standard cargo box concept. ’44145146
Jan: Efechtel National starts as WIPP Archi-
tecffEngineer (AfE). Jun: Westinghouse
Electtic Corp. starls as Technical SuppoII
Contractor. SNL raises concern about gas
generation and contracts with Los Alamos to
do laboratory tests. ’47 In response to DOE
request to review scientific aspects of WIPP
Project, WIPP Panel of BRWM of NAS holds
fir~tmeeting. T,O Aug: SNL completes

geologic characferizafion repoti “4 support-
ing Drstf EIS on WIPP; transmissivify values
of Culebra from four wells are available. 146
Hydrologic and radioisotope transport model-
ing for EIS is primarily regional and extends
for 2S0,000 yr (1Ohalf lives of 23gPu)using
large, 3-D Swift flow model. T4g NRC funds
SNL to work on probabHisfic PA and apply to
hypothetical bedded salt repositrmy T50.T51
Now Labstudies focu90n fitaniumalloy9fol
HLW canisters, T42

r 1979 -To develop necesswy predictive capa
MOY,T52 SNLbegins3-yr prefimlnarytest
programs on thermafIstmctural effects in
nearby potash mine, T53and Avery Island,
Louisiana, dome salt. T54.T56Consolidation
ofcrushed salt studied. Tb2 First insitu per-
meatifity measurement of Salado Formation
salffrom AEC-7well (values 1000 fimeslarg
er than found when measured wrthin repositc
ry in 1988) ‘%; Bechtel identifies seven poten
tialhorizons for WIPP. SNLcompletes
development of scenarios for release from
WIPP(paff of EISprocess). ~57 Laboratory
measurements made of permeability on
ERDA.9core. T42APK Draft EISon WIPP
pubfished.14g Asparfof EISprocess, SNL
completes development of scenatios for
release of ra~oisotopes from WIPP (method
abandons fault trees and uses simple evenf
trees) .T57T58 Three major classes ofscenar.
ios identified (connection between
Culebra [above repository] and BeA Canyon
[below repository] aquifers, U-tube connectio
to Culebra, and stagnant pool connection to
Culebra) plus dtilfingintmsion. (Later U-fube
spit into catastrophic connection and stand-
ard Lf4ubeconnection. )14g Probabififiesof
scenarios assigned based on qua fitafive rea.
soned arguments. Jul: Prelminay Titlel
design of WIPP completed.

, ... . --- c... . . .. ------- . . . .. ,3, , - u“= 0... .x!llewl$ysl -W:

Carter announces plan to defer indefinitely
reprocessing of commercial spent nuclear
fuel (SNF). D15Now Although role of NRC
af WIPP unclear, DOE tells NRC it plans
to seek ficense to build and operate WIPP
based on poficy from Carter administration.
(WIPP returns to commercial waste
reposito~ program.)

) 1978. DOEsuggesfs opening date of
f985. D1600 EDeputy Sec. Jerv OLeary
promises NM Congressional delegation
“if NM did not wish to have the WIPP,
then itcould vetothe plan.” Both
Comptroller Gen. and DOE Gem Counsel
state OLeaiy powerfess fo grant “state
veto. <’01700 Econducts local hearings
unproposed WIPP. Ott: Deutch
(Massachusetts Institute of Technology
[MIT] chemistry professor) report written
for OOE recommends (f)disposing
TRU waste at WIPP wifhout planning for
retrieval and (2)demonstrafing SNF,
HLW, and TRU disposal at WIPP, DIED19
DOE Deputy Sec. J. OLeaW presses
on with second recommendation until
t 979 enabling law for WIPP as a way
to satisfy California law banning nuclear
power plants until SNF disposal
demonstrated. ’10

~1979-Mac President fomwlnteragency
Review Group (IRG), in response to
Deutch reporf to recommend type of
nuclear waste dsposal, and recommends
disposal of SNF, HLW, and TRU in mined
geologic repositories in final report.’0
Report also suggests making WIPP
canddate for commercial SNF reDositow.
Apc 00 Edefinesprojectasa ‘
combination mifitarylcommercial repository
in oraft EIS. D’eml Based on salt
permeabifify tests in AEC-7 well, 00E
cancels all gas generation and some
back~ll experiment$. DOE buy90ifand
gas leases for $19 milfion.

r1977-Octi DOE Organizaffon Act F15cre.
ates ca~net-level Department of Energy
(DOE) from ERDA. Feb Inrespo.seto
Fords directive, EPA conducts first public
wotishop to understand public concerns and
technical issues of waste disposal. FI~.F17
Apr: Second meeting of NRCpanelofearfh
scientists occurs to identify events and proc-
ess. Ff4

I 1978-Jam EPAannounces pub ficforumto
develop protection criteria for radioactive
wastes. F16Now EPApublishes’’Criteria for
Radioactive Wastes” as guidance for federal
agencies and seeks comments. ’10

r1979- May House Armed Services Cam-
mittee cuts WIPP funding in response to
OLeary’s (DOE’s) expansion of the project
to a repository for commercial SNF and
thus requiring NRC hcensing (even if for
demons fration only). De~ Congress
defines mission ’19 of WIPP

- sets up WIPP as a research and devel-
opment facility for disposal of only TRU
radioactive waste from DOE facilities

- exempts WIPP from NRC hcensing
- requires 00E to sign a “COnSuMdiOn &

Cooperation” (C&C) Agreement with NM.
EPA defines TRU waste as waste wifh
acfivitj greater than 100nCtig. Fm

D 1977 -NM Hazardous Waste Act N5seeksto
maintain environmental qualify.

~ 1978- DOE contracts with NM to estabhsh ~
Environmental Evaluation Group (EEG)to ~
provide afull-time, independent assess. ~
menf of WIPP and oversee environment,
pubfichealth andsafety. Although OOE- ~
funded, EEG is initially made a part of
Environmental Improvement Division of the ~
NM Health &Environment Department. ~
Thegeneral understanding is neither DOE !
nor NMwould aftempt to bias orinteiiere !
in EEGs technical conclusions. EEG
becomes second permanent outside over-
sight group 9et up by DOE (first was NAS
WIPPPanelof BRWM). NM House almost
pa9se9 ballot proposal for constitutional
amendment to keep nuclear waste from
NM.

b ~97~- ~G:%in~am~n.–Le~sl~u r~es~b-–
lishes (i) Governors Radioactive Waste
Consultation Task Force to negotiate with
DOE and (2) Legislative Radioactive and
Hazardous Materials Committee to review
task force. ‘e



Milestones for Disposal of Radioactive Waste in the United States

Time
Line

980

981

Noteworthy
Events

1990 Final EIS
m WIPP ,, ;-

,<,,;/,

4
1981 Wstshafi
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)f hypoy~salt SIIR
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1981 Stipulated agree.
nent between DOE and

Technical
Milestones Related

to the WIPP

D 1980- Westinghouse completes first Safety
Analysis Repofi (SAR). ‘w General Atomic
Technologies started as AfE for TRUPACT.
(used SNL basic concept but chanoed
detalfs). SNL asked to analyze and test
TRUPACT.I when built.

-—- --- --- -——
~ 1981- Tests begun in nearby potash mine,

Mississippi Chemical Mm? Co,, to evaluate
corrosion of potential waste canisters and
overpack afloys. TeOMay WIPP begins
augering for first shalt, which ushers in SPD
phase olWIPP. Fenix&Sc!sson, SPDV
construction contractor, begins augering firs
shaft ([his exploratory shaft later called
construction and salt handling shaft and the
salt handNng shaft) .Te<To2 Jun: Drillingof
second 3.6 m shaft beoins (this waste shaft
initially calfed ventilation shaft). Jul: Drill(n{
ontfrst shaft begins. Stipulated Agreement
(SA) between New Mexico and DOE
describes dwupbve scenatios (e.g., breccia
pipe, salt dissolubon, and salt deformation)
that are to be dismissed through further site
characterization. Te3Ocv Rrst3.6mshaH
completed. Nov: Project strikes pressured
brine resermr ’64 while deepening
WIPP-t 2 nofth of the repository (as part of
Stipulated Agreement [SA]). Extensive test!
and analysis continue on WIPP-12 through
1983.’4” Three tes[ssetupinneafby
Mississippi chemical potash mine fo evaluat
fluid migration insalfformations. rm Deti
Dtilfing of second shaft begins. Draft of final
reporf to NRCon performance assessment
(PA) of hypothetical bedded salt repository
readlfy available ’51’65 – uses a set of loose
connected codes, precursors to SWIFT II 1~:
(fluid flow code), and NEFTRAN ‘= (networ
transpwtcode). lAEA recommends
procedure for PA and pofential list of events
and Droces$es forscenarios ’67

U.S. President Federal Legislation, Judicial
and DOE: Decisions, and Regulatory

Directives and Decisions Requirements Related
to Nuclear Waste Disposal

r 1980- Feb: Carter orders SNF reproc- ● 1980. Jd: Home Armed SeNices COm-

essing to stop. ’22 Mac Cafter rescinds
~

mdtee disagrees with Carter proposal;
t 9s0 hinds for WIPP and announces therefore, rescinded funds are returned to
inteflm strategy to set aside money for ~ WIPP mid-y t!ar.
possible future waste disposal projects at 7
WIPP. Ocfi DOE issues final EIS elimi. g

nating SNF and HLW disposal and there ~.
by reinstates WIPP mission defined by ~
Congress in 1979.0’ Nov: DOE applies c
to Department of Interior (DOI) for admin- %.
istrative withdrawal of land for Site and ~
Preliminmy Design Validation (SPDV)
experiments at WI PP. Dz3

---- —-- --- --- -——— ——— ——— —--

I 1981 - Jan DOE Dublishes Record of 1.1981- Feb NRC promulgates ficensifw
Decision to proceed with SPDV phase. ’24
Feb Atfer reviewing prel!minafy design,
DOE okays defailed (Title II ’25) design
phase. DOE Sec Edwards. Jun: DOE
WIPP Project Mgr. McGough rekindles
disagreements between DOE and New
Mexico by stating HLW could be placed by
1983 and remain during the operating
phase of WIPP. Sep: After revlewlng
preliminary design, DOE okays defailed
design phase. ’25

procedures for SNF and HLW disposal (n
gml~gkrepositories. ’21 Disfrict COuft denic

Citizens for Alternatives to Radioactive
Dumping (CARD) motion for a prelimina~
in@nctiOnagains! constricting WI PP. Oraft
(but not final) Nuclear Waste POIICYAct
(NWPA) definea TRU waSte as waSte
contaminated with transuranic radioisotopes
with haff.life greater than 20 yr and activity
greater than 100 nCilg. ‘Zz Mar Developing
generic disposal ctitefia for radioactive
wastes is difficult, thus EPA starts developin
standards for each waste type.’=

Legal Challenges and
New Mexico, National,

and World Issues

) 1980 -NM and DOE begin negotlabons
on C&C Agreement to define procedures
and process of cooperation.

r 1981- Jan: In response to Record of
Decision DOE proceeds with SPDV

. Mar: CARD files lawsuit and asks
for prefiminav injunction.’7

. May NM AG sues DOE and DOI
alleging viokNfons of federal and
state laws.’0

. Jul: Southwest Research and 7
Information Center (swRIC) files z
lawsuit ‘g and begins strategy of c
fifing numerous interrogatories to ;

which DOE musf respond. :

In response to lawsuits, ‘a DOE Sec ~
Edwards visits NM, talks to Gov. King, ~
and accedes in a SfiQulated Agreement
(SA) to demands for (1) geotechnical ~

experiments, (2) SNL reporf on 17 Iechni.
cal issues (e.g., dfsmptive scenados such
as breccia oiDe. salt dissolution, and salt
deformation ihat are to be examined by
SNL), (3) state and pubffc review of WIPP
changes, and (4) creation of a statel fed-
eral task force to oversee tmnspottation
issues (e.g., emergency response and
highway upgrades). C&C Agreement
anached as Appentix A, ‘8Working Agree-
men?’ as Appentix B. Ns U.S. Oist. Judge
Burciaga stays lawsuit in accordance with
SA. Coalition 101Diecf Action at WfPP
demonstrates against construction. EEG
recommends relocating TRU storage
away from WIPP-I 2.
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r 1982- Mac Second 1.8 m shaft completed
(-80 m [270 H] of drilfing fluid Ieff in the
shaft). Westinghouse suggests eliminating
fourth shaft along with other cost saving
~easures. 18<T82 May; Repository level

selected, Jun: Army CorP.s of Engineers
assumes responsibility for all phases of con-
struction management. Jul: Dtiling O!
DOE-1 started and completed to top of Anhy.
dote I in Castile Fm. Ocb Underground
excavation sta!ted to connect the two shafts
Now Excavations connect the two existing
shafts. Foflowing evaluation of WIPP-f 2,
TRU disposal area moved -t S00 m (6000 ff)
south (experimental area left in otiginal area),
Schedule calls for opening WIPP in Apri
19S9. First shaft sealing concepts presented,
SNL pubfishes report outfining in situ tests to
perform in next several years, ‘m De.: SNL
completes interim report on dissolution of
evaporates in and around the Delaware Basin
‘eg (part of 5A). uSGS completes breccia
pipe reporf (part of 5A) and dismisses con-
cerns. T70

r 1983- Mac SNL, USGS, and contractors
complete most repo!ts required by 5A (e.g.,
USGS reports Culebra transmissivify at 20
locations ‘“ ‘7’; SNL reports on groundwater
flow i“ Rustler Fm. T72and detormafion of

evapotites near WIPP 173;technical suppoti
contractor, Westinghouse, reports on brine
resemoirs in the Casfile Fm. 164). Excavation
of experimental rooms begins, and Bechtel
begins final (Title Ill) design. Apc WIPP
Panel NAS tours WIPP underground to exam-
ine spDv te~f~, ~4 May ReP05it0V Ievei

selected. Ock Drilling of pilot hole for t~rd
shaft begins (exhaust shaft) and is completed
in December, TM TW Aug Deepening of
Cabin Baby started and completed to Bell
Canyon Fro.; geophysical logs run and deep
sandstones in Bell Canyon hydrologically
tested. 176’78

r 1984- Feb Raised bore reaming completed
of third shaft. Apn As rooms excavated,
SNL begins many thermak.buctural and
waste package (e.g., defense HLW) field
tests defined in f 982, ushefing in the system
characterization phase of project. T4z.‘fig.T77
Pumping tests at DOE-1 suggest fracture
flow in Culebra. First in situ gas flow mess.
uremenf conducted around underground
dtiff. ’78 Jun: Second shaft enlarged from
1,8 m to 6 m. Te1T6pAUW SNL drills and
tests DOE-2. ’79 General Atomic Technolo-
gies completes one containeq SNL sends it tc
ORNL fest faclfify because container exceeds
SNL weight limit for 30 ft drop and puncture
test, etc., required in t OCFR 71 Tao;container
passas tests.

) 1983- DOE Sec Hodel, Mac 00E gives
SPDV repotis to NM and allows 60.day
comment period. m In response to
questions by EEG, DOE concludas draft
40 CFR 191 appfies to disposaf phase but
not test phase of WIPP. May ORNL
complex edmits releasing 2 x 10e lb of Hg
from Y-12 plant between 1950 and 1977.
Revelation prompfs Natural Resources
Defense Council (NRDC) and Legal
Environmental Assistance Foundation
(LEAF) to We DOE.’7 Juf: DOE
announces decision to proceed with
construction. ’28 Sep: DOE sets October
f 966 as WIPP Opening date.

) 1984. Man Manager of Albuquerque
Operations Office (AL) moves WIPP
Project Ofice (WPO) to Carlsbad.

I ● 19S2. Courts dedine to relieve DOE from
responding to numerous SWRIC interrogato-
ries. Mac DOI approvas DOE’s appficafion
for administrative withdrawal of 36 x 1W mz
(6960 acres) for conducting SPDV experi-
ments for E Yr, F24 De~ NIWpA passes Fz5:

- sets up trust fund, funded by utilities,
to pay for SNF and HLW repository

- rsaulres NRC ticenslna of reDositow
- seis acceptable risk oil 000 “deafh~

f 0,000 yr
- StateS SNF and HLW from DOE lacIfities

will go to reposltov unless President
objects
suggests DOE build Monitored
Retrievable Storage (MRS) Facility

EPA pubfishes working draft 20 of envirorv
mental standards for radioactive waste man.
agemenf as proposed 40 CFR 19f. ’26

] 1983. Congress allocates $5,6 M for road
improvement in NM. Jan - Sep: EPAs
Science AdvisoW Board (SAB) holds public
meetings on 40 CFR 191. Jun: DO I

aPPrOves land withdrawal for 8 yr for a
36x 106 m2 area to construct WI PP. ’27
NRC promulgates technical criteria for
waste dsposal in geologic repositories
and includes by reference the yet-to-be
promulgated EPA standard on wa$f’a
diSDOSal.F28

E 1984. Feb: EPA SAB endorses probabifisfic

approach of 40 CFR f 91 buf states pedorm.
ante criteria too restrictive and recommends
several changes. ‘m Apr: LEAF vs. Hodel ’30
requires DOE to apply both the technical and
procedural requirements of RCRA to DOE
facilities even fhough AEA exempted DOE
from many environment and human health
laws. Now Hazardous and
Sofid Waste Amendments (HSWA) ‘sl to
RCRA ban land disposal of hazardous wSSte
without treatmant unless disposal site and
generator demonstrate “no migration” of
constituents for as long as waste remaina
hazardous.

) 1982. DeG .?wpplemental 5A signed
(1) committing DOE to seek funds for
upgrading highways in NM, (2) committing
DOE to more geotechnical studies, and
(3) mating DOE hable for WIPP-related
accidents.”0

<

.— - --- --- .— -
) 1983. AG: Bardacke, May: After review-

ing results from SPDV program, EEG
concludes that “the Los Medafios site
has been Charsctedzed in sufficient detail
to warrant confidence in the vaffdafion of
the site for permanent emplacement of
approximately 6 million fp (1,75 x f 0s m3)
Of defense TRU waste,” but also recoin.
mends additional studies to reSOIVe
outstanding geotechnical [sSues such as
evaluation of potential for brine reservoirs.
N1I A“g: EEG issues reporl and Gover-
nor holds press conference on concern
about potentially explosive hydrogen gas
in TRUPACT-f. ‘<2 Sep CARD and Sier.
m Club allege that DOE and EEG are
collaboraf ina to deceive NM about safetv
of WIPR fh~y also insist on NRC Iicens[ng ~
of WIPP.

) 1984- Nw: Ffrst modification to C&C
Agreement limiting remote-handled (RH)
TRU waste amount to 5.1 x 10“ CL
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Technical
Milestones Related

to the WIPP

k1995-J.n: Blasllng olthird shaft to final
4,6mdfametor completed. Excavation be.
gins forcircularroom H. SNLreportsondis-
crepancy between measured and predicted
salt creep first hinted at in south drdt m
1982.rsl ‘U General Atomic Technologies
disassembles TRUPACT-I and cuts in halt
half with door rebudt while rebuitdmg,pun..
ture damage replicated t. match damage in
original TRUPACT-1. Wlththe deflmtionofa
5-km boundary to the disposal system in
40 CFR 19f, prolect begins to focus more
on near-field hydrologic modeling rath9r than
regional mcdefing. Apr&Oct SNLturnson
heat for simulated defense h!gh.level waste
(DHLW) canister experiments.

) 1986. Feb: Pillarcree ptestbegin sin
cirmdarroomH. Heated (accelerated) tests
of CH-TRU and RH-TRUcontainer behavior
start. TRUPACT-l passes flretestat
SNL. T83rm First insituinjectod brine flow
measurement to determ!ne permeability
around dtiffs. T4zOtt In preparation for
operations, Westinghouse awarded
Management 6 Operation (M&O) contract.
AnnY Corps of Engineers rdieved of
construction management duties.

k 1987- SNL finds possibifhy.1 a pressurized
brine resewoir below the TRU disposal area
wmotberuledout. T74.77G Lack ofdo.ble
containment in TRUPACT-I becomes major
msue.T85186Wetsalt compaction tests con-
eluded, constitutivs equation for consollda-
tton developed, and shaft consolidation
modeled (effective consolidation predicted
In. 100yr). T42Man SNLfindstllat
porous-media flow assumption adequately
models flow in Culebra at H-3 but that
transport !s best modeled as dual porosity
media ’87 (though roughly approximated as
equivalent porous medi.). r7eT8’Ta’ Mod’+
ing with variable brine densmes suggests
Culebra acting a$ leaky confined aquifec ’87
subsequent models Ignored suggestion until
1997. Also model suggests htghlytransmis-
sive zone In the Culebra to the south of H.11
and DOE-1.r87 Ott Nuclear Packaging
bacomes AIE for the Transur.mc Package
Transport design II (TRUPACT-H); SNL
again selected as DOE technical advisor.

U.S. President
and DOE:

Directives and Decisions

I 1985 -DOE Sec. Hartingtotl President
approves the three repository candidates m
recommended by DOE tar SNF and HLW.
President concurs with DOE recommendation
that defense SNF and HLW be disposed of In
commercial reposdoqf. Nob! DOEattampts
to define ‘<by-productmaterla~ to include
mixed waste and thus exclude EPA
regulation.

I 1986 -Aug: DOEasks SNLtoassess perfor
manceof WlPPagalnst40CFR 191 crit.arm
(Performance Assessment [PA]).029 SNL
accepts PA task. ‘m

1987- May DOEr6defines ,,by-prod.ct
mater!a~ to exclude everything except
rad!onuchdas,and thereby TRU waste
is subject to RCRA (and HSWA), osl Jul:
Agreement between Department of Labor
(DOL) and DOE on mine inspections. ’32
OCC DOEselects Nuclear Packaging
conceptual design for TRUPACT-11.

Federal Legislation, Judicial
Decisions, and Regulatory

Requirements Related
to Nuclear Waste Disposal

r 1985. Othce of Technology As+se$smant
(OTA), an agency of Congress, concludes no
insurmountable technical obstacles for gee.
logic reposdories.’32 Sep: EPA promul-
gates 40 CFR t 91 for disposal of SNF, HLW,
and TRU in a geologm repository ’17
- probabhtlc crherla mdlrectly based

on population health risk
- requests Inclusfonof all uncedmdy

In 40 CFR 191, EPAd8fine$ TRU waste as
waste with activltj greater thzm 100 “Cdg and
half-hfeareder than 20 W, Pmmulaabon
begins the fransifion of (he WIPP to”com.
pliance phase.

[ 1986- EPA sfates that mixed wasfe (rado-
acfive wast9 also meetmg hazardom waste
definition) is subject to RCRA and hazard-
ous waste regulations. ’33 NRC promul-
gates probabibsfic safety goals for nuclear
reactors that are similar to 40 CFR 191.’=

~ 1987- Jul: In response to tegal challenges
to individual and groundwater protection
requirements in subpart B, Cowf of Appeals
for first Circuit m Boston vacates and remands
all of 40 CFR 191 to EPA. ‘s4 Sep: Couft
reinstates Subpart A of 40 CFR t91 in
responseto EPA request. Dec Nuclear
Waste PoficYAmendments Act (NWPAA) 6*G
selects Yucca Mt., NV, to undergo site
characterizationfor potential SNF and HLW
dlsposahbecause bedded salt nof being
considered SNF and HLW tests at WIPP
unnecessary.

Legal Challenges and
New Mexico, National,

and World Issues

} 1985. Jam NM recewes EPA authorlzatlor
to regulate hazardous wastes.”3 Feb:
Natural Resources Oefense Council [NRDC
sues EPA to issue 40 CFR 191 as mandate
in NWPA of 1982, ‘?4 EEG notif!es DOE th~
the single-shelled, vented rectangular
transportation container for TRU waste,
TRUPACT-I is unacceptable for NM.”5

D 1996- Mac NRDC and others sue
EPA over groundwater and individual
protection standards m 40 CFR 191.

———————-—— ——
} 1997. AG: Strwbm Amicipating co” fllcts

between radioactive and hazardous waste
regulations, NM Ieg!slature exampts WIPP
from hazardous waste regulations. Aug:
second modlflcatlon to C&C Agreement
committing DOE to comply with all
applicable laws and regulations, and
discourage WIPP compliance by way of
gra”dfathrmng, variance, exemption, or
waive~ and use 40 CFR 191 as first
issued for evaluating WIPP compliance
until reissued by EPA; NRC and
Department of Transpo!tat!on (DOT)
regs apply to WIPP transport. Dac:
Envircmmentalgroups m,se concern of
brine seepage into reposdoty ‘~$
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989 Berfin Wall falls
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989 Demo for WIPP PA
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k 1988- May WIPP begins drilling fourth shaft ● 1988- Sep: DOE announces that WIPP will
(air intake shaft) after reevaluating 19S2 not open as scheduled in Oct. Dee: DOE
decision to efimlnate it. Sep SNL reports on abruptly cancels SNF and HLW experiments
in situ Dermeabihtv (1000 times lower than because of NWPAA [no funds available to
t 979) and small poiential brine inflow. ‘m

I containers)
remove and examine simulated disposal

Members of NAS BRWM (not WIPP Panel)
study btine inflow conclude no problem but
SU99eStbrine inflow test and less waste be
used for pilot phase. First prototype of
TRUPACT-11 passes structural tests, but fails
engulfing fire test al seals. SNL begins work
on CAMCON to link detailed consequence
models in probabilistic PA. ’31 TW 792 SNL
also simultaneously begins work on prototype
of CAMCON to meet Dec. t 989 dead fine.
SNL completes pumping tests at HI 11’3 and
begins using results 10cafibrale regional flow
model. ’84 ‘9s

~ 1989. SNL reports o. ree.aluaUon of
Culebra permeatifity at AEC-7 and D.266
wells ‘~; Culebra transmissivity available at
41 locations. ’48 Jan & Feb Redesigned
seals of TRUPACT-11 pass engulfing fire
IeSI, T97Ja”. Aug: Q tunnel mined and

instrumented for brine inflow experiment. ’98
Feb: SNL resolves dkcrepancies between
measured and predicted salt creep. ‘“
Westinghouse completes “no-migration<’
petition for RCRA variance for WIPP pilot
phase. T!m 1101 Mac SNL completes report
to supporf Oraff Supplemental EIS; report
identifies generation of gases from container
and waste corrosion as issue (see t 978)
because salt permeabihty factor of t 000
lower than thought in t 979. Based on initial
analysis results in February, DOE funds
SNL to conduct new studies of gas genera-
tion, TTW7103T?Od,1?06, T!M, 1?07A@, different

flow direction in past duting wet climate
hypothesized to explain discrepancy
between geochemical analysis and current
hydrologic flow in Culebra. ““ DOE issues
Oraft Supplemental EIS. Ttoa‘lW Oec: SNL
reevaluates release scenarios and issues
WIPP PA demonstration outlining process
for future PAs. TIIO1717No release without
human intnisiov out of 26 parameters, solu-
tifity, intrusion time, and borehole permeabil-
iV most important cuttings from direct dtill-
ing set at three drums.

+ 1989. OOE See: Watkins. Jan: DOE

I

files request for administrative withdrawal
of 16 miz with DOI (less than half of land
allowed by 40 CFR 191). ‘w Mac DOE
issues Draft Supplemental EIS,’4
Watkins creates “Blue Ribbon Panef’
to examine WIPP readiness. Jun:
Watkins announces an indefinite delay
m opening of WIPP. Wattins creates
‘(tiger teams” to examine environment,
safety, and heallh issues throughout
DOE defense complex. ’36

I 1988 -NM Congressmen ask NAS BRWM to
study brine inflow controversy, With con fin-
ued technical problems (e.g., TRUPACT-11
not yet ticensed), NM Congressional delega-
tion cannot reach consensus, and WIPP Lan<
whhdrawal fegislation~es. NM Congress-
men get Congress to reassign EEG to the
New Mexico Institute of Mining and Technolo
gy in Socorro in Sep because of conflicts
between NM state government and EEG.’*
Congressman Richardson insists upon full
compfianceof WlPPwith40CFR 191 before
receipt of any waste and funding for roads
attached to bill. ’37

~ 1989 -Aug: NRCapproves the
pressurized transportation container
for shipping contact-handled (CH)
TRU to TRUPACT-11.

I 1988-Jam EEGissues repoffon poten-
fialbrine resewoirs under WIPP, Oce
Idaho Gov. Andrus bans shipments of
radioactive waste into state because
WIPPnot open. Dee: lDGov. Andrus,
CO Gov. Romer, and NM Gov. Carruthers
meet in Salt Lake City to discuss WIPP
and options fo avert shutdown of DOE
Rocky Flats Plant from lack of storage
authorized by CO, and inabihty to ship to
ID because of imposed ban by Gov. And-
ru$ 00E agrees to vigorously pursue
both administrative and legislative land
withdrawal for WIPP. ‘~7

c 1989- Legislature unanimously removes
“WIPP exemption” in hazardous waste
laws so EPA will grant authority to
regulate ra~oacfive mixed waste. Nor
Bertin Wall falk signaling the end of the
Cold War and greatly changing future
demands for nuclear weapon material
and, thus, amount and composition of
TRU waste going to WIPP.
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Technical
Milestones Related

to the WIPP

~ 1990- Jan: Construction officially complete.
SNL and Westinghouse complete report on
the PilOttest phase of WIPP ’112suggesting
that a waste amount equal to 0.5% of capaci-
ty be brought to WIPP for gas generation
experiments. May Westinghouse completes
‘,Final,HSafety Analys!s Report. ’113 SNL
refines FEP screening and analyzes
four scenarios (Eo, El, E2, EIE2). ‘7M Dee:
SNL issues fimt full PA highlighting we of
CAMCON modetino system 1115.T? le. T, 17

(e.g. seconda~ parameter database complet.
cd). Coupling of code demonstrated, which
allowed better evaluation such as sensitivity
analysis. PA includes both scenario and
parameter uncertainty: out of three parame.
ters, solubdify, intrusion time, and borehole
permeability importanb cuttings from direct
dtilting important release pathway.

r 1991- Westinghouse completes Parts A
and B of RCRA permit app~cafion. 1<q8
Apr&Aug: Toextend tifeofmoml,
panel 1 for gas generauon tests, internal
and external panels meet and recommend
roof support Sep: Westinghouse completes
construction of roof support.~!qg~~zo Dee
SNL issues second PA highlighting major
components of the PA process and docu.
merits T121(e.g., rigorous useofscenatios
and 9eOStafisfics for transmissivify fields); 46
parameters sampled; cuttings
most Important release pathway

U.S. President
and DOE:

Directives and Decisions

r1990-Jan: DOEissues Final Supple
mental EIS. D2eJun: 00 Eissues
“Record of Decision” on WIPP Final
Supplemental EIS stating construction is
oficially complete, testing phase (-5 yr)
should proceed, and then another
Supplemental EIS should be prepared
before going to full operation.’7

~ 1991 -lnresponse toaudit, AL manager ~
creates WIPPPrOiect lntegrafion Office ;
(WPIO)in Albuquerque over WPOin z
Carlsbad. ~

,
~

i
.
:
$

Federal Legislation, Judicial
Decisions, and Regulatory

Requirements Related
to Nuclear Waste Disposal

~1990- Octi EPA issues no-migration
variance for test phase of WI PP. ‘“

~ 1991- Jan: DOI modifies administrative
land withdrawal order to allow test phase of
WIPP. ‘3e ’40’43 Mac House Interior
Committee adopts NM Congressman
Richardson’s resolution to nullity DOI.moti.
tied land withdrawal order (action allowed
under Federal Land POIICYand Management
Act [FLPMA]). ’42 Sep: 9th Circuit Cowt of
Appeals rules state ban on rafloacfive waste
shjpments imposed by Gov. Andrus of Idaho
is illegal. ’43 Ott: DOI again grants adminis-
trative land withdrawal after Watkins cerOfies
all environmental pemitting requirements
have been met. ““

Legal Challenges and
New Mexico, National,

and World Issues

} 1990- Jul: NM granted authorify by
EPA to regulate radioactive mixed
waste, and fhus WIPP waste becomes
subject to NM regulations. ’18 NM
Environmental Improvement Division
requests submittal of Pans A and B of
RCRA permit. OCK NM designates
“preferred mute<’for waste transport
from northern border to WIPP.

(

———————-— ---
} 1991- AG: Udall. Ott AG Udall files

10oo-page lawsuit in US. District Court for
the OiattiCf of Columbia to delay stati of
test phase at WIPP by challenging the
administrative land withdrawaL “S

u

(

I
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1995 Tracer test
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k 1992- SNL and Westinghouse COmPlOte
work necessary to mod~y Test Phase Plan
for gas generation tests. “2’ Westinghouse
completes work necessary for modifying
Waste Rettieval Plan. “23 JUIV NAS WIPP
Panel sends letter to DOE questioning
scientific need for in situ was[e tests at
WIPP. “24 Dee: SNL issues third PA
refining models and data used in the PA,
uncertainty in transmissivity fields refined,
49 parameters sampled, evaluated fime-
dependent ). Darameter in Poisson intrusion
model: direct’cutfings most important
pathway. Tw5

) 1993 -Brine inflow to Qtunnelcanbe
explained as either dewatering of disturbed
rock zone or Darcy tlow through salt.

) 1994. Mac SNLexplores possiMlityof
Ming PA with decision analysis in System
Prioritization Methodology (SPM); results
form basis of Draft Compliance Certification
ApPficatlon(DCCA). Aug: SNLseeks
permits fo drill new wells for tracer test in
Culebra.

~1995-Feb: Drilfngofwellsf ortracertests
begins. Sep: Gasgeneration studes
completed and results used to establish rates
forccA.T12%1127 Octi lTCorp. completes
cosVbenefO study for Westinghouse and DOE
of engineered barrier altemafives required by
40 CFR194. T’28 Dec DOE publishes
updated revision of WIPP inventory. “n
Computer specialists fired to modify
CAMCON implementation to enforce softwarf
configuration management and control runs
for PAcalculafions. Second attempt at SPM.

I 1992 -Aug DOEsubmits applicafionto
Naw Mexico Environment Department
(NMED) for RCRA permit for test phase.

r1993-OOE Sec Hazel OLeary. Octi
DOE concuffi with NAS and decides not
to emplace waste in a pilot phase at
WIPP-lab tests instead. oq8 DOE
decides to make draft Compliance
Cerfificafion Appffcaffon (CCA) to EPA.
Because actual waste nof coming to
WI PP,’Wntests’’ canci?lled. Dec
OLeafy disbands WPIO in Albuquerque
and selects new personnel for Carfsbad
Area Otice (CAO) (old WPO with new
functions) and tirect repotting to
Undersecretary T. Grumbly. ’39

~ 1995-Mac DOEsubmits DCCAto EPA for
~ev,ew, D40 M,qI: DOE SUbmitSparf BOf

RCRApennit application to NMED. D41Ock
DOE halts all in situ experiments and closes
area in repository.

r1992-Ott WIPPLand WOhdrawal Act
(LWA) F45:

. transfers land from DOI to DOE
- establishes EPA as regulator for WIPP

(removing self-regulation by DOE); com-
pliance requirements (different from WIPP
Panel or EEG) to be set in 40 CFR 194

- requires recertifying site every 5 yr
- reinstates Subpart B of 40 CFR 191,

except disputed aspects of individual and
groundwater protection requirements

- requires DOE cooperation and consult-
ation with EEG

- NM given $600 million over 30 yr
Energy Policy Act ‘W
- asks NAS to recommend disposal criteria

for Yucca Mt.
- requires EPA and NRC to reevaluate

their disposal criteria for Yucca Mt.
Federal Facifiiy Compliance Act ’47:
- waives federal sovereign immunity for

civil and crfminal liability for RCRA vio-
lations and thus brings DOE facilities
under jurfsdicfion of states but exempts
mixed waste stored by DOE

Washington DC District COUII Judga Penn
grants preffminaiy injunction to stop testing
with TRU wssteat WIPP, Penn rules WIPP
does not quafffy for inte!fm status under
RCRA, thus must get permits before rather
than during operation.

~1993-Feb: EPAannounces intentto
promulgate 40 CFR 194 to specify
requirements for implementing 40 CFR 191
at WI PP. f48 Deti Inresponsetocourf
remand and WIPP LWA, EPA repmmulgates
40 CFR 191 toaddress individual and
aroundwater protection requirements, and
;akes other changes -no influential
changes for WI PP. 64’

~ 1994 -Congress authorizes funding for EEG
for additional 5 yr. ‘w

I 1995- NASprovides guidance onnewregu-
Iation for potential Yucca Mt. rapo$itow sug-
gests repotiing risk from human intrusion sep
arately. Jan: EPAproposes compfiancecri.
teriafor WlPPin40CFR194. F51 May DOE
comments that 40 CFR 194 exceeds scope o
40 CFR 191. OCC EPAisauea draff of non-
~~~ding Compliance Application Guide (CAG)

~ 1992 -Environmental Oefense Fund (EDF)
and NROC join the NM lawsuit and seek
to make RCRA issues more important
(e.g., interim status of WIPP). ’20

I 1993 -Mayor Forrest of Cadsbad
demands more economic benefits accrue
to city of Carfsbad from WI PP. N2~NZZ
NMED issues Oraft RCRA permit for test
phase. NZ3
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Milestones for Disposal of Radioactive Waste in the United States

Time
Line

996

997

Noteworthy
Events

1996 EPAstates howto
mplemant raclo.

c

@* If.,e
tctlve waste ~
$dandardin
10CFR 194

d

m“

,.

996 SNL completes PA
mWIPPcettiticatiOn: mo’
19van requtred to send
ODIESto EPA

996 SNL concludes dual
orosity model explains

o

anspotim I ~

:ulebra ~..+...-. ,s=.

..,,,.
.—––. .,,s.,

997 Conceptual Mcdel
,eer Review Group
mwoves W1PP mcdels,.

M

Technical
Milestones Related

to the WIPP

r 1996- APC SNL completes tracer test in
Culebr% decides dual-porosity model
reasonable and single-porosity transpoti
alternative model COuldbe ruled out. 1131:132
Jul: SNL reports on early results of retarda-
tion batch experiments. ““ TIU Tests on
solubiliV reported for use by CCA. Och
SNL completes PA for CCA of WIPP that
includes MgO backfill mining scenario, and
greater mtrmon ratq except for few vectors,
dill cutbngs only release pathway 57
parameters sampled. ’13s ’136 Calculation
run three times with 100 samples each,
takes 37,000 CPU hrs on 40 DEC alpha
processors, and retains 100 GB of data in
97,000 tile8. Now NAS reporls that WIPP
site “excallent choice” geologically. ‘1$7’138

r 1997- Jan: Conceptual Model Peer Review
Group (formed in response to 40 CFR 194)
concludes 22 of 24 conceptual models
adequate. Spalfings model must ba redone
because unrealistic and MgO backfill
dascripfion improved. Mac SNL conducts
mini-PA for EPA to do parametric sensifiviiy
analysis of PA model parameters Iacklng
‘“iron-clad defense. Apc Conceptual
Model Peer Review Group reports that with
additional information provided by SNL,
they are satisfied that the model of the
kfgO backfill is adequate ’13s and that they
have sufficient understanding of how much
the spallings model overestimates span
volumes. ’140 DOE commits to develop a
less conservative, more realistic spallings
model by the time of receftiflcation. MaY
SNL explains apparent discrepancy between
geohydrology and geochemistry by viewing
flow in Culebra as a 3D regional system. TM?
As part of EPA evaluation of CCA, SNL runs
PA calculations using EPA-selected values
for 26 parameters and EPA-selected
model assumptions, based on results from
parameter review team commants in Oec 96
and sensitivity analysis in Mar 97,

U.S. President
and DOE:

Directives and Decisions

~ 1996- Ott: DOE sends 80,000. page,
400-lb. CCA to EPA. ’42 NOW DOE
issues 84,000-page second Supplemental
Draft El S. D43D44

~ 1997- DOE Secreta~: Petia. Jan: DOE
holds hearings on second Supplemental
Oraff EIS fOr WIPP in Catisbad, Albw
querque, and Santa Fe, Naw Mexico. ’45
SeP: Final second Supplemental EIS on
WIPP Dubfished. ‘4s

Federal Legislation, Judicial
Decisions, and Regulatory

Requirements Related
to Nuclear Waste Disposal

~ 1986. Feb: EPA promulgates final
40 CFR 194; directs DOE to consider addi-
tional cdteria in assessing system pa ffOr-
mance F53:

requires waste characterization analysi$
and engineered barrier evaluation

- requires a monitoring system
specifies requirements on quality as-
surance (QA), peer review, and experf
judgment

- requires peer review on waste charac-
terization, engineered and natural
bantars, and corICeptUal models
expands human activities (e.g., potash
mining) to consider in performance
assessment

Sep: Congress amends WIPP LWA and
relieves WIPP of need to comply with land
disposal restrictions ot RCRA, but other
requirements of RCRA still apply. ‘“ De=
EPA begins detailed evaluation of CCA and
supporting information at SNL and else-
where, including SNL PA conceptual mod.
els, computer codes, model parameters,
QA records, and specific technical issws

(e.g., MgO backtill’and passive institutional
control). ’55

I 1997- May In letter to DOE secretay,
EPA Administrator Browner decrees DOE
application “complete”; this starts the i .yr
clock for review of CCA. Jun: Appeals
Court in Washington rules meetings between
EPA and DOE proper when one agency
proposes regulations for another agency as
required by Executive Order and says NM
and TX “lawsuit is without basis”. “e OCC
EPA issues draft rule to approve WIPP with
conditions requires use of panel seals used
in PA; dasign raquires QA for wasta
genarator% lists requirements for using
process knowledge to characterize waSleS;
requires schedule for mstalfing passwe
controls; denies any protecbve credit for
passive controls and 120.day public
comment period begins. ‘“

Legal Challenges and
New Mexico, National,

and World Issues

E 1986. Apn NM AG Udall sues EPA
alleging improper meetings were
held between EPA and DOE about
requirements in proposed 40 CFR 194
regulation. NZ4

—
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