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I. Background for Investigation 

The Waste Isolation Pilot Plant (WIPP) is a planned geologic repository for permanent 
disposal of transuranic waste generated by the U.S. Department of Energy. Disposal 
regions consist of panels and drifts mined from the bedded salt of the Salado Formation at 
a depth of approximately 650 m below the surface. This lithology is part of the 225 
million year old Delaware Basin, and is geographically located in southeastern New 
Mexico. Four shafts service the facility needs for air intake, exhaust, waste handling, and 
salt handling. As the science advisor for the project, Sandia National Laboratories 
developed the WIPP shaft sealing system design. This design is a fundamental 
component of the application process for facility licensing, and has been found 
acceptable by stakeholders and regulatory agencies. The seal system design is founded on 
results obtained from laboratory and field experiments, numerical .modeling, and 
engineering judgment. This paper describes a field test program to characterize the fluid 
flow properties in the WIPP shafts at representative seal locations. This work was 
conducted by Duke Engineering and Services under contract to Sandia National 
Laboratories in support of the seal system design. 

Salt formations offer several advantages for waste disposal. Among these are very low 
permeability, presence of minimal amounts of pore fluid, and the ability of the host rock 
to “creep” into any excavation, thereby encapsulating the stored material. During this 
creep process deviatoric stresses may be sufficiently high such that microscopic fractures 
form. These can eventually coalesce into macroscopic openings in the salt. Although this 
process is reversed such that healing of the host rock is achieved over time, a potential 
flow path forms through the “disturbed rock zone” (DRZ) at the time an excavation is 
created. This path remains until the salt returns to a state of low deviatoric stress. The 
DRZ is characterized as a region of increased porosity and permeability for purposes of 
flow calculations. The increased porosity may also be concomitant with a zone of 
decreased pore fluid saturation. For the Salado the pore fluid is brine. Low permeability 
and partial saturation with respect to brine are two factors which lead to difficulty in 
design of test programs, and in the interpretation of field data obtained using traditional 
methods of formation characterization. Adequate characterization of the Salado DRZ 
surrounding the WIPP shafts was needed to quantify the impact of any flow which might 
occur through this zone. This information was critical to demonstration of the efficacy of 
the seal system design. This paper describes a field test approach which utilized multiple 
techniques to characterize the DRZ around the WIPP shafts. 
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11. Shaft DRZ Characterization Test Program 

All testing was accomplished through fluid injection into boreholes (1 0.2 cm diameter) 
drilled into the wall of the air intake shaft at WIPP. A total of six holes were tested at 
two elevations in the shaft. The lower elevation was located at a depth of approximately 
629 m, near the repository horizon, and the upper elevation was located approximately 
100 m below the interface between the Salado formation and overlying lithologies, or 
about 346 m below ground surface. The boreholes were drilled immediately preceding 
test conduct, such that additional disturbance to the host rock was minimized (Dale and 
Hurtado, 1996). Three objectives were defined for the test program. These were: 1) locate 
the radial extent of the partially-desaturated zone; 2) bound the radial extent of enhanced 
permeability in the DRZ; and 3) establish a basis for calculating DRZ permeability as a 
function of radial distance form the shaft wall. 

The first objective was accomplished through gas injection into an isolated test interval. 
Test conduct included a constant-pressure injection phase followed by monitoring of 
pressure decay in the test interval. Details on this testing method at WIPP may be found 
in Stormont, (1990). Injection pressure was kept low (on the order of 0.14 MPa) to 
ensure minimal brine displacement during testing. Data obtained from gas injection tests 
was interpreted using the well-test simulator GTFM (Pickens et al., 1987) to estimate the 
formation permeability to gas. Gas flow testing was conducted systematically at intervals 
located at 0.1 to 3m from the shaft wall. Equipment capabilities of the gas testing system 
extends to a permeability on the order of m2. The undisturbed (i.e., undamaged due 
to excavation effects) salt permeability ranges from to 1 0-24 m2 and is impermeable 
to gas when injection pressures are below several MPa. Intervals estimated to have a gas 
permeability on the order of m2 were assumed to be either undisturbed or saturated 
with respect to brine. This is due to the assumption that pore space in the salt which is 
filled with brine will present an impermeable barrier to gas migration at the injection 
pressure. Pore space which is partially filled with brine will also be manifested as a zone 
of reduced permeability to gas. Gas testing was terminated when equipment limitations 
were met, and brine testing was initiated. 

The second objective was accomplished through constant-pressure injection and pressure 
pulse testing using brine, as described in Beauheim, et al. (1993) and Dale and Hurtado 
(1996). The first interval tested with brine started just beyond the radial point at which 
gas flow testing had ceased on the basis of the criterion mentioned previously. Two 
intervals per borehole were tested. 

Estimated permeabilities to gas and brine are depicted in Figures 1 and 2. It is important 
to recognize that the permeability to gas values are estimates, due to uncertainty in the 
brine saturation state of the formation during test conduct. These estimates, combined 
with laboratory testing and mechanical process models (RISD, 1996) were used to 
develop a mathematical model for DRZ permeability as a function of radial extent from 
the shaft wall, thus meeting the third objective of the DRZ characterization program. This 



model significantly enhanced predictive simulation capability for the WIPP shaft seals 
program. 

III. Summary and Conclusions 

The field test program described in this paper was developed to meet the specific needs of 
the WIPP shaft seal system design program. The principal objective of the program was 
to asses the permeability of the DRZ surrounding WIPP shafts. Uncertainty in the brine 
saturation state of the DRZ led to implementation of both gas and brine flow testing 
techniques. These data were formulated into a mathematical model describing the 
permeability of DRZ surrounding WIPP shafts. As a result, the efficacy of the shaft seal 
system design was quantitatively demonstrated. 
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Figure 1. Estimated permeabilities at 346 m below ground surface. 
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Figure 2. Estimated permeabilities at 629 m below ground surface. 
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