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ABSTRACT

A variety of geophysical methods including the spectrum of seismic, electrical, electromagnetic and potential field
techniques have supported characterization, monitoring and experimental studies at the Waste Isolation Pilot Plant
(WIPP). The geophysical studies have provided significant understanding of the nature of site deformation,
tectonics and stability. Geophysical methods have delineated possible brine reservoirs beneath the underground
facility and have defined the disturbed rock zone that forms around underground excavations. The role of
geophysics in the WIPP project has evolved with the project. The early uses were for site characterization to satisfv
site selection criteria or factors. As the regulatory framework for WIPP grew since 1980, the geophysics program
supported experimental and field programs such as Salado hydrogeology and underground room systems and
excavations. In summary, the major types of issues that geophvsical studies addressed for WIPP are:

¢ Issue 1: Site Characterization

o Issue 2: Castile Brine Reservoirs

o Issue 3: Rustler /Dewey Lake Hydrogeology
o Issue 4: Salado Hydrogeology

o Issue 5: Excavation Effects

The nature of geophvsics programs for WIPP has been to support investigation rather than being the principal
investigation itself. The geophysics program has been used to define conceptual models (e.g., the Disturbed Rock
Zone-DRZ) or to test conceptual models (e.g., high transmissivity zones in the Rustier Formation). The geophysics
program primarily supported larger characterization and experimental programs. Funding was not available for the
complete documentation and mterpretahon Therefore, a great deal of the geophysics survey information resides in
contractor reports.

*This work was supported by the United States Department of Energy under contract DE-AC04-94A1.85000
Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company for the United Sates Department of Energy

INTRODUCTION

A variety of geophysical methods including the spectrum of seismic, electrical, electromagnetic and potential ficld
techniques have been used support characterization, monitoring and experimental studies at the Waste Isolation
Pilot Plant (Figure 1). This document will provide a historical overview and context of the WIPP geophysical
studies since 1975 when Sandia National Laboratories assumed the site characterization activities in the northern
Delaware Basin. Oak Ridge National Laboratory (ORNL) conducted the preliminary characterization studies in the
Delaware Basin prior to 1975 including the drilling of exploratory holes AEC-7 and AEC-8.

Several other publications give an important overview of the geophysical studies at WIPP. These include an
annotated bibliography (Powers and Martin, 1993), which identifies and summarizes the geophysical reports
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available in the WIPP Central File!; the geological characterization report (Powers and others, 1978), which
describes the early characterization studies, in particular the surface seismic reflection studies; and the site
deformation report (Borns and others, 1983), which includes interpretations of seismic and gravity data at the
WIPP site.

oo

Figure 1: Location of the WIPP site . southeastern New Mexico
APPROACH OF THIS REPORT

The approach of this report is to view the various geophysical studies in the context of evolving project issues and
their resolution. Therefore, this report will not be an exact time line of geophysical studies. The major types of
issues that geophysical studies addressed are (Figure 2):

o Issue 1: Site Characterization

o Issue 2: Castile Brine Reservoirs

» Issue 3: Rustler /Dewey Lake Hydrogeology
o Issue 4: Salado Hydrogeology

o Issue 5: Excavation Effects

As the WIPP Project and its regulatory framework evolved, the scope and relative importance of these issues
changed. For example, the seismic reflection surveys of 1970s had the objective of defining the lateral continuity of
the rocks underlying the site and the absence of structural features that would hinder site construction. These
surveys were not designed to answer issues of the 1990's such as mapping facies variations in the Culebra Dolomite
Member of the Rustler Formation. The use of geophysical methods within the WIPP project evolved through the
geological characterization stage, the Final Environmental Impact Statement (FEIS), the site and preliminary
design validation (SPDV) report, the DOE/State of New Mexico Agreement for Consultation and Concurrence, and
support of modeling approaches for Performance Assessment calculations and licensing. Reviews of the project
criteria and issues of the 1970's are in the FEIS and of early 1980's are in Weart's (1983) summary reports on Site
Preliminary Design Validation (SPDV). :

IWIPP Central File is part of the Sandia National Laboratories Nuclear Waste Managment Center (6800) library,
telephone number 505/848-0810
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Figure 2: WIPP site geology and stratigraphy relative to facilities and issues addressed by geophysics
WIPP ISSUES

Issue I: Site Characterization

In 1972, the Atomic Energy Commission (AEC) rejected the proposed Lyons, Kansas, salt-hosted repository site
due to improperly plugged oil and gas wells and nearby solution mining with loss of fluids. By the early 1970's,
ORNL selected the Delaware Basin as a possible alternate location for the demonstration repository. The early site
characterization studies and the geophysical studies for-the Delaware Basin site were influenced by the experience
of AEC at the Lyons, Kansas site. Principal site selection criteria for the Delaware Basin site, in part based on
experience in Kansas, were avoidance of drill holes, avoidance of the dissolution front of Nash Draw, and
avoidance of the Capitan Reef. The major effort was to find a site that was at least one mile from any existing
borehole. This distance was based on the analysis of Snow and Chang in the FEIS (USDOE, 1980), which
indicated that dissolution by water flowing through an inadequately plugged borehole through the Salado
Formation would not progress a mile from its source in 250,000 years. Of the site selection criteria and factors
during the early characterization stage, geophysical studies were used to address the following (see for example,
Weart, 1983):

¢  Continuity and predictability of strata
e Thickness of salt
o Extent of dissolution
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e Deformation: faults, halokinesis, breccia pipes, uplift and subsidence, igneous activity
e  Tectonics: seismicity

o Early site selection criteria and factors

References: Griswold, 1977; USDOE, 1980; Powers and others, 1978; Weart, 1983; Bechtel National, 1986

Resolution: Characterization studies determined that layering showed continuity and maintained the required
thickness. The site was basically stable: the seismic risk was determined and no known Quaternary tectonic
faulting near proposed site was observed. Surface studies and electrical profiling indicate an absence of breccia
pipes or similar scale dissolution features in the Los Medanos site area (a portion of the previously defined
Delaware Basin site).

¢ Continuity and predictability of strata
References: Borns and others, 1983; Powers and others, 1978; Dobrin, 1979; Hern and others, 1979; G. J. Long
and Associates, 1976; Barrows and Fett, 1985

Resolution: Chaotic reflectors detected in Castile Formation near site. These were determined to be halokinetic
effects on Castile and Salado structures. Characterization studies confirmed gentle basin tilt and continuity of bed
thickness.

e Thickness of Salt

References: Borns and others, 1983; Powers and others, 1978; Bell and Murphy, 1979; Dobrin, 1979; Hern and
others, 1979; G. Long and Associates, 1976

Resolution: Characterization studies confirmed gentle basin tilt and continuity of bed thickness.
e  Extent of Dissolution
References: Elliot Geophysical (1976a, 19766, 1977); Bartel, 1989 James and Borns (1993)

Resolution: Surface studies were ambiguous on shallow dissolution; continuity or relation to halokinesis provides
evidence against deep dissolution.

e Deformation: faults, halokinesis, breccia pipes, uplift and subsidence, igneous activity -

References: Borns and others, 1983; Powers and others, 1978; Dobrin, 1979; Hern and Associates, 1979; G. Long
and Associates, 1976; Elliot Geophysical (1976a, 1976b, 1977}, Barrows and Fett, 1983; Barrows and Fett, 1983;
Wieduwilt, 1977

Resolution: Surface studies and electrical profiling indicate an absence of breccia pipes or similar scale dissolution
features in the Los Medanos site area. Geophysical studies were consistent with the conclusion that faults,
halokinesis, uplift and subsidence, igneous activity in the immediate area of the proposed site did not significantly
affect long term performance.

s Teclonics: seismicity
References: Powers and others, 1978; USDOE, 1980, Sanford and others, 1980

Resolution: The regional scismicity is related to two main clusters associated with the Rio Grande Rift to the
southwest of the site and the Central Basin Platform to the east of the site. The upper magnitude limit for the WIPP
site was set 4.5 to 5. The possible acceleration at the site was set at 0.3 g. The possibility of an event at the site of a
magnitude that could significantly affect the repository was determined to be very low.

Issue 2: Céstile Brine Reservoirs

A number of hydrocarbon-exploration boreholes and two WIPP characterization boreholes (ERDA-6 in 1975 and
WIPP-12 in 1981) have encountered pressurized brine in the Castile Formation (Powers and others, 1978; Lappin
and Hunter, 1989). These reservoirs are thought to be associated with a fracture porosity in the anhydrite members
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of the Castile Formation. These fractures are interpreted to be associated with the halokinetic deformation of the
Castile in the northern Delaware Basin adjacent to the reef margin. During the early and middle stages of site
characterization, the geophysical program largely concentrated on the development and validation of methods to
delineate brine reservoirs beneath the WIPP site.

o Delineation of reservoirs beneath the WIPP site and Development/validation of methods for use at WIPP
References: Elliot, 1982; Bartel and others, 1983; Earth Technology Corporation, 1988

Resolurion: A TDEM survey was conducted above the waste panel area. One dimensional inversion of the data
indicated high electrically conductive regions within the Castile beneath the repository. These high conductivity
regions are interpreted to represent brine reservoirs.

Issue 3: Rustler and Dewey Lake Hydrogeology

Beginning with the early site selection criteria, the WIPP project was concerned with siting the WIPP facility
sufficiently distant from zones of active dissolution. The early criterion was a distance of one mile. Another factor
was the presence or absence of faults crossing the Rustler and Dewey Lake formations. In 1975, Mississippi
Chemical Corporation mined under a surficial collapse dome in northwestern end of Nash Draw. The excavation
encountered a "breccia pipe.” Concern grew regarding consequences of a breccia pipe forming under the
repository. In the early 1980's, question of karst formation in the WIPP site area became an issue (Bachman, 1983,
1987).

The Rustler Formation contains the major water bearing units above the repository facility (Siegel and others,
1989: Lappin and Hunter, 1989, Beauheim, 1989; Beauheim and Holt. 1990). This unit has been the focus of
hydrologic investigation at the site. The basic characterization issues are lateral variations in water bearing units,
presence or absence of vertical connections such as faults, and variations in porosity and permeability.

e Dissolution features, Karst, Fractures, and Faults
References: Barrows and others, 1983; Barrows and Fett, 1985

Resolution: Variations in microgravity were interpreted to represent mass removal in the near surface. Such
mass removal was interpreted to possibly represent dissolution. The resolution of the model came from core,
stratigraphic, and geochemical studies (Holt and Powers, 1988; Lappin and Hunter, 1989; Beauheim, 1989
Beauheim and Holt, 1990). The small observed changes in density are attributed primarily to lateral facies
changes within the near surface stratigraphic units.

e Variations in porosity and permeability
References: Elliot Geophysical, 1976a, 1976b, 1977; Bartel, 1989; James and Borns, 1993

Resolution: The interpretation of the data identifies two conductive features in the section overlying the Salado
Formation, both trending roughly north-south. The western anomaly lies in the lower half of the Dewey Lake
Formation and may directly overlie part of the storage facility. The eastern anomaly lies within the Rustler
Formation, probably the Culebra Dolomite Member, 1000 meters east of the repository. The Dewey Lake anomaly
overlies the Rustler anomaly in part, thus suggesting a relationship between the two. There is also some suggestion
that the strong conductive feature in the Rustler, at a distance of about 2500 meters to the east of the storage
facility, may have vertical extension upward into the Dewey Lake.

Issue 4: Salado Hydrogeology

Since the early excavation of the underground facility in 1982, brine seeping from excavation surfaces and into
boreholes has been observed. These observations raised questions regarding the presence of a brine or two-phase
flow system within the host evaporites of the Salado Formation. This hydrologic system may affect waste
degradation and the effectiveness of underground seals.

e  Brine flow around excavations
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e Brine flow in fractures

e lgriation in porosity and permeability

References: Borns and Stormont, 1988 a, b, 1989; Cook, 1982; Jung, 1991; Jung and others, 1991; Neuman,
1993; Pfeifer and others, 1989; Skokan and others, 1987, Starrett, 1989; Truskowski and Andersen, 1993;
Unterberger, 1981 '

Resolution: We have established the relationship between brine inflow measured in Room Q to changes in
electrical properties such that electrical properties can be used to estimate hydrologic properties and predict brine
inflow at other localities in the time. Desaturation and the formation of new porosity occur in the Disturbed Rock
Zone (DRZ) early after excavation. In a sealed room, the porosity resaturates with brine influx into the DRZ. The
DRZ provides a significant reservoir for the initial brine inflow into an excavation. Electrical surveys have
delineated brine-filled fractures and non-filled fractures in the excavation floor.

Issue 5: Excavation Effects

Following excavation of underground openings at WIPP, a DRZ forms in the wall rock (Figures 3 and 4). The
extent of the DRZ around workings at WIPP is delineated by the zone of rock in which mechanical properties and
hvdrologic properties have changed in response to the excavation. The processes involved in the development of a
DRZ are complex, although related to stress relief and/or rapid strain rates. The redistribution of stress around the
excavation drives coupled processes such as changes in permeability in response to fracture growth. The
development of the DRZ affects brine flow around the excavation and seal emplacement.

e FExtent of the DRZ
e Changes in the mechanical and hvdrologic properties of the DRZ with time

e Effects of the DRZ on seal design and location

References: Borns and Stormont (1988 a,b, 1989); Cook, 1982; Jung, 1991; Jung and others, 1991; Holcomb,
1988; Kannenberg and others, 1990; Pfeifer and others, 1989; Skokan and others, 1987; Starrett, 1989;
Truskowski and Andersen, 1993; Unterberger, 1981, Williams, 1991

Resolution: The development of microfractures and mesofractures affects both brine inflow and the dissipation of
gasses around the WIPP excavation by creating new interconnected pore space. Both fracturing and fluid flow are
difficult to observe in boreholes alone. But fracture formation results in changes in electrical resistivity and seismic
velocity. Multiple methods map similar distribution of fracturing in the DRZ and provide verification of the
individual methods.

SUMMARY

A varicty of geophysical methods including the spectrum of seismic, electrical, electromagnetic and potential field
techniques supported characterization, monitoring and experimental studies at the Waste Isolation Pilot Plant. The
geophysical studies have provided significant understanding to nature of site deformation, tectonics and stability.
Geophysical methods have delineated possible brine rescrvoirs beneath the underground facility and have defined
the Disturbed Rock Zone(DRZ) that forms around underground excavations.
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Figure 3: Components of a repository containment Figure 4: Features and Processes associated with
svstem underground repository excavations

The role of geophysics in the WIPP project has evolved with the project. The early uses were for site
characterization to satisfy qualification criteria or factors. As the regulatory framework for WIPP grew since 1980.
the geophysics program focused on support of experimental and ficld programs such as Salado hydrogeology and
room systems. The nature of geophysics program has been to support investigation rather than being the principal
investigation. The geophysics program has been used to define conceptual models (e.g., DRZ) or to test conceptual
models (e.g., high transmissivity zones in the Rustler Formation). Since the geophysics program primarily
supported larger characterization and experimental programs and not a stand alone program, funding was not
available for the complete documentation and interpretation. Therefore, a great deal of the geophysics survey
information resides in contractor reports.

Another important consideration is that the WIPP geophysics strove to utilize state-of-the-art geophysical methods
for each of the issues. However, by 1997 some of geophysical studies were 20 to 25 years old. The question will
remain unanswered on the effect of hypothetically using methods of the 1990°s such as three dimensional seismic
and electromagnetic imaging on the characterization studies of the 1970°s. This author believes that if the project
hypothetically started over with such 1990’s methods the conclusions regarding the basic issues would remain the
same but that the uncertainty would decrease.
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process disclosed, or represents that its use would not infringe privately owned rights. Refer-
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