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ABSTRACT

Waste Isolation Pilot Plant (WIPP) sealing program results are
embodied in the initial seal system strategy and reference design. The
design provides a common basis for calculations and analyses so that
results can be compared directly. The seal ing strategy combines both
long- and short-term seal components. Crushed salt, consolidated by
creep closure of the excavations, is the principal long-term barrier to
fluid flow. Short-term seal components are used until creep
consolidation is sufficient. Concretes developed specifically for WIPP
seals and a swelling clay material that exhibits low permeability to
WIPP groundwater and brine have been chosen for the short-term
components. A body of evi dence exi sts showi ng the stabi 1ity of these
materials for the length of time they are required to function.
Reference designs are described and drawings are shown for each of the
principal multi-component seals. Confidence in the sealing strategy and
the reference designs resulted from a combination of laboratory tests,
numerical modeling, and in situ demonstrations. The sealing strategy,
materials, and designs for the WIPP repository are consistent with the
concepts and designs proposed previously for other national and
i nternat i ona1 was te management programs. Past accompli shments and
planned activities in the sealing program will produce a detailed
conceptual design for the seal system and a seal system performance
model. Additional design, analysis, laboratory testing, and in situ
testing are needed to assure the performance of the seal system.
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EXECUTIVE SUMMARY

The Waste Isolation Pilot Plant sealing program has produced a
sealing strategy that is embodied in this initial seal system reference
design. The design provides a common basis for calculations and
analyses so that results can be compared directly. The sealing strategy
that combines short- and long-term seal components, and reconsolidated
crushed salt as the principal long-term barrier to fluid flow. In the
reference design, compacted crushed salt is emplaced at multiple
locations within the shafts and various drifts; this salt then
reconsolidates as a result of creep closure of the excavations. It is
expected that, given sufficient time, the fluid conductivity within the
seal will be reduced to nearly that of the host rock salt within the
Salado Formation. Because there will be very little compositional
difference between the reconsolidated WIPP crushed salt and the
surrounding rock from which it was mined, the crushed salt is expected
to be exceptionally stable, mechanically and chemically, in the seal
environment. Short-term seal components, employing concretes developed
specifically for WIPP seals and swelling clay material shown to be
stable and to have low permeability to WIPP brines, provide the required
sealing during creep consolidation of the crushed salt components. The
disturbed rock zone (DRZ) that develops in the host rock salt at the
excavated openings is expected to heal by creep closure. The DRZ of the
shafts in the Rustler Formation and the interbeds in the Salado
Formation are sealed by grouting techniques under development. The
program has focused on developing and characterizing seal materials,
evaluating the feasibility of the strategy, demonstrating the
constructibility and performance of the seals, and obtaining the data
necessary to support the design, construction, and performance analysis
of the seals. A reference design was created to: provide a basis for
sensitivity analyses, systems analyses and performance assessment; aid
in the definition of sealing program activities; aid in the development
of a detailed conceptual design; provide a common reference for
interfaces with other WIPP programs.

In the reference design, multicomponent seals will be located in
each of the four shafts, the entrances to the waste disposal panels, and
selected access drifts. The designs for the seal components have
progressed from schematic sketches for components used in the initial
feasibility assessments to the set of reference drawings (Figures 2-11)
provided in this report. The drawings include dimensions, planned
locations, and preliminary materials specifications for all principal
seal components of the reference design. The drawings also give
alternate shapes being considered for concrete components.

Confidence in the sealing strategy and the reference design results
from a combination of laboratory tests, numerical modeling, and in situ
demonstrations. Laboratory testing demonstrated the relatively rapid
consolidation of crushed salt under a wide range of pressures and
provided data that were used to develop models for the calculation of
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crushed salt reconsolidation in seals. Analyses of three coupled
processes, namely, the expected creep behavior of the host rock salt,
the expected reconsolidation behavior of preconsolidated crushed salt
shaft seal components (emplaced at 80% of intact host rock salt
density), and the expected brine inflow rate, indicate that crushed salt
components will reconsolidate sufficiently within 100 years after
emplacement to restore the fluid conductivity of the seal to near that
of the original formation. Confidence has also been provided by the
successful development of site-specific concretes and grouts compatible
with host rock in the WIPP, and by the successful in situ emplacement of
crushed salt and bentonite blocks in small-scale horizontal and vertical
seal environments. Additional confidence in the seal system design and
information for its further development will be derived from current and
future activities in the Seal System Development Program.

The sealing strategy, materials, and reference design for the WIPP
respository are also consistent with the concepts and designs proposed
in other national and international programs. Creep closure of a
lengthy column of crushed salt is the same strategy employed in the
research program in the Federal Republic of Germany and in the seals
proposed for the salt formations evaluated in the u.S. high-level
nuclear waste repository program. In addition, the short-term seal
components are similar to many of those under consideration in the
German and Swedish programs; indeed, much of the demonstration of the
capabilities of swelling clay (bentonite) components has been provided
by the Swedish testing program.

Substantial additional research, development, and design must be
completed to assure the performance of the seals. The principal
activities include additional laboratory tests to provide a data base
sufficient for performance assessments of crushed salt reconsolidation
and seal material compatibility with the host rock and waste, as well as
developing specifications to define the allowable variability in the
emplaced materials. Also, additional design work is planned to provide
details of the design criteria, components, excavation techniques,
surface preparation and tolerances, emplacement methods, grouting
techniques, materials specifications, and principal quality
assurance/quality control requirements. Additional analyses will
include shape studies for the concrete components and structural and
hydrologic performance calculations. Models of the seal system
behavior, consistent with the seal designs and the data that
characterize the host rock, are also being developed for use in seal
system sensitivity studies and in overall performance assessments.
Finally, additional data are needed from field tests of seals and,
particularly, in situ measurements of the extent and properties of the
DRZ that develops in the host rock at the excavated openings. Large
scale in situ tests of seals are planned as part of the progression of
testing that supports the seal evaluations. These tests are expected to
demonstrate the construction feasibility of the components and to
provide data on their initial post-emplacement performance. Major
products of the planned program and other program elements are described
in Section 7 and depicted with interrelationships in Figure 1.
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1. INTRODUCTION

Presented in this report are: (1) the general WIPP sealing strategy
that guided development of the reference design; (2) a reference seal
system design to carry out the sealing strategy; (3) information that
provides confidence in the strategy and design; (4) alternative seal
system concepts and designs; (5) seal system decisions that have yet to
be made; and (6) new information required to make the decisions, along
with an R&D program and timetables. The sources of redundancy in the
systems are also highlighted, and the required temporal performance for
seal components is given.

The body of this report describes the WIPP reference seal system,
including the general sealing strategy, the reference seal system
drawings, the temporal sequence of seal system functions, multiple
functions and redundancy in the seal system, and materials selection and
compatibility. Then, designs for the lower shaft seal system, the upper
shaft seal system, the drift and panel seal system, and the sealing of
the disturbed rock zone (DRZ) are described. The repetition of
information in each section dealing with a major seal system is
intentional. Thus, for example, the reader is not required to identify
and extract from a section that covers all seal systems the specific
information about concrete for the lower shaft seal system. Next,
applicable information from other waste management programs is presented
to show the support that they afford for the WIPP designs. Finally, the
principal activities for future seal system development, conceptual
design, and validation are given. A glossary of the seal-specific
terms, some of them appearing in the text and drawings, is given in
Appendix A.

1.1 Overall Performance Objectives for WIPP Seals

The overall seal system limits release of radionuclides and other
hazardous waste species through each man-made penetration and the DRZ
that surrounds it (Stormont, 1984; Stormont, 1988). The seal system
also limits the inflow of groundwater from overlying water-bearing zones
to the Salado Formation for two reasons: to prevent interstitial brine
from inhibiting the rapid reconsolidation of crushed salt seal system
components (although preliminary laboratory test results do not indicate
an inhibiting effect of initial brine-saturation on the reconsolidation
rate); and to limit the water content of waste disposal areas in the
WIPP. Seals will also be designed to attenuate the flow rates of gas
that may be generated by corrosion and microbiological processes in the
waste disposal area. Seals will be designed to withstand the pressures
applied by flowing gases.
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1.2 Purposes of the Reference Design

The reference design provides a common basis for calculations and
analyses so that results can be compared directly. Examples are ongoing
systems analyses of WIPP seals and the WIPP repository, sensitivity
analyses that relate performance to changes in components and parameter
values, and performance assessment calculations. The reference design
will also be a tool to define ongoing and future sealing program
testing, component analysis, and design activities. It contains initial
design details that are a starting point for the development of a
detailed conceptual design. Finally, it provides a common reference for
information exchange with other WIPP programs.

1.3 Technical Background and Program

A large body of technical background information was generated and
used in the development of this design. Most of that information
resulted from the WIPP sealing program; some of the material came from
other waste management programs and is given in Section 6.

The WIPP sealing program has four areas of activitiy: design,
analysis (including model development and calculations), laboratory
testing, and in situ testing (including DRZ characterization). Past,
ongoing, and planned activities in the sealing program are focused on
producing a detailed conceptual design for the seal system and a seal
system performance model. These major products of the program, program
elements such as supporting reports, analyses, designs, and test
implementation, and related activities are described in Section 7.

Activities in all four areas contributed to the current reference
design. Sealing objectives, concepts, and schematic designs were
formulated early in the WIPP sealing program (Stormont, 1984).
Candidate material types and formulations were chosen to meet these
initial objectives. Materials development, laboratory testing, and
evaluation (Krumhansl, 1984; Gulick and Wakeley, 1989; Holcomb and
Shields, 1987) led to the selection of materials for this reference
design. Small-scale in situ tests established the feasibility of
manufacturing and emplacing these materials (Stormont, 1986; Stormont
and Howard, 1986; Stormont and Howard, 1987). Information on brine
inflow from the Salado Fo~mation, and on creep closure of excavations
were obtained from other WIPP programs. Models of brine inflow and
creep closure were coupled with models of seal materials behavior to
calculate candidate seal component performance and to establish the
viability of the initial schematic seal component and system design
(Sjaardema and Krieg, 1987; Nowak and Stormont, 1987; Arguello and
Torres, 1987; Stormont and Arguello, 1988). DRZ characterization by in
situ fluid flow testing was begun early in this program in parallel with
the above activities. Interim results from DRZ studies (Borns and
Stormont, 1988) were used to formulate sealing requirements for the DRZ.
Some of these results were summarized in a report (Tyler et al., 1988).
These results were assessed in a preliminary seal design evaluation
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(Stormont, 1988) and were used in a WIPP systems analysis (lappin et
al., 1989)

The six principal WIPP sealing system references are Borns and
stormont (1988), lappin et al. (1989), Nowak and Stormont (1987),
Stormont (1984), Stormont (1988), and Stormont and Arguello (1988).
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2. WIPP SEAL SYSTEM

This section presents the general sealing strategy, characteristics
of the disturbed rock zone (DRZ), reference seal system drawings, the
temporal sequence of seal system functions, the multiple functions and
redundancy in the seal system, and materials selection and compatibility
issues.

2.1 General Sealing Strategy

Sealing functions for waste isolation are carried out by a
combination of short-term and long-term seals. Short-term seals provide
the initial sealing functions necessary until the long-term crushed salt
seal components become adequately consolidated by creep closure of the
host rock salt. Crushed salt components are expected to become fully
functional for sealing within 100 years after emplacement (Nowak and
Stormont, 1987; Arguello, 1988). Then, the long-term seals take over
all sealing functions. The DRZ at all seals in Salado Formation host
rock salt, excluding interbeds, is expected to offer significant flow
resistance initially and to be sealed by self-healing during creep
closure. Sealing the DRZ in interbeds and in the Rustler Formation is
treated in the next section.

The short-term seals consist of swelling clay and concrete
components in shafts, drifts, and panel entries. The swelling clay
components limit water inflow from above to protect the crushed salt
from saturation with brine. The concrete components provide flow
resistance to control the effects of possible gas generation in the
waste disposal area; they also provide physical containment for the
swelling clay and consolidating crushed salt materials. Tight concrete
bonding to rock is not required for these functions, and high expansion
concrete is desirable but not essential. The short-term seals may
continue to function effectively for much longer than 100 years,
providing sealing redundancy.

The long-term seals consist of consolidated WIPP crushed salt in
the shafts, drifts and panel entries. Within 100 years of emplacement,
these seals are fully consolidated by creep closure of the host rock
salt to a state of low permeability, approximately 10-20 m2 (Nowak and
Stormont, 1987; Arguello, 1988; Lappin et al., 1989). That is in the
expected permeability range for the host rock salt (10- 21 to 10-20 m2)
(Nowak, McTigue, and Beraun, 1988; Lappin et al., 1989). There is very
little compositional difference between the reconsolidated WIPP crushed
salt seal material and the surrounding host rock salt from which it was
mined; the crushed salt seals are therefore expected to be mechanically
and chemically stable in the WIPP environment for the required lifetime
of the seal system.
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Design criteria for seismic activity and geologic faulting are not
considerations in the reference design. There is no evidence for local
tectonic deformation in the Delaware Basin since Permian time. No
tectonic faults have been discovered in the WIPP area, and no earthquake
epicenter has been found within about 25 miles of the WIPP site (R. L.
Hunter, 1989). Because of the physical unreasonableness and low
probability of faulting, it was screened from the WIPP performance
assessment (Hunter, 1989). Although no significant seismic hazard is
apparent now, the need for seismic-related design criteria will be
evaluated further.

2.2 Disturbed Rock Zone

The DRZ may impact the performance of a drift, panel, and shaft
seals. Sealing and flow in the DRZ of the salt and the interbeds in the
Salado Formation are presented first. Then, sealing the DRZ of the
upper shafts in the Rustler Formation is discussed.

2.2.1 Shaft, Drift, and Panel Entry Walls Near Seals in the Salado
Formation, Excluding Interbeds

With the exception of nearby interbeds such as Marker Bed 139 (an
anhydrite-containing layer), the DRZ near all seal emplacements in the
Salado Formation is expected to exhibit some resistance to fluid flow
initially and to present a very high resistance to fluid flow as it
"heals" by creep closure of the host rock. This expectation is based on
laboratory observations that WIPP core samples, under pressure, "self
heal" by creep-resealing of fractures (Borns and Stormont, 1988; Lappin
et al., 1989). The information available at this time indicates that
the DRZ in the Salado Formation near the shaft seals may be be the least
conductive to fluids. Sealing is not expected to be needed in the DRZ
outside of the interbeds. The reference design does include grouting
and other sealing techniques for the interbeds.

An ongoing program is characterizing the temporal and rehealing
behaviors of the DRZ at WIPP excavations in the Salado Formation.
Information from this program will be used to choose seal locations and
to predict the overall hydraulic conductivity as a function of time.

2.2.2 Interbeds Near WIPP Excavations

Fractures have been observed in interbeds near WIPP excavations
(Borns and Stormont, 1988). Fractures in materials such as Marker
Bed 139 anhydrite are likely to heal incompletely or at least more
slowly than those in relatively pure halite and retain significant fluid
transmissivity (Borns and Stormont, 1988; Lappin et al., 1989).
Therefore, at critical drift seal locations, fractures in Marker Bed 139
and in other beds that may be identified, are filled with anhydrite-
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compatible, deformable seal materials such as grout, crushed salt,
swelling clay, or bitumen.

The seal material in interbeds is expected to be compatible with
WIPP rock types over very long times, as evidenced by long-term,
geologic stability of the material (e.g., crushed-salt-based grout or
bitumen). This seal material is expected to have an effective
permeability as low as or lower than the measured values from WIPP
small-scale seal in situ tests (Lappin et al., 1989). An average
effective permeability of 4 x 10-19 m2 has been calculated for emplaced
cementitious material using data from WIPP Small-Scale Seal Performance
Test Series A and B (Peterson et al., 1987; Lappin et al., 1989).

An ongoing program characterizing interbeds (e.g., Marker Bed 139)
and developing grouts and grouting techniques includes compatibility
studies that consider host rock materials, nearby seal materials, and
waste disposal room contents as interacting elements. Crushed-salt
based grouts, bitumen-based grouts, and grouts based on cementitious
materials are among those being considered.

2.2.3 Shaft Walls in the Rustler Formation

There is also an ongoing hydrologic testing program in the Air
Intake Shaft to predict properties of the DRZ in the host rocks of the
WIPP shafts in the Rustler Formation. Grout formulations and grouting
techniques are to be developed for Rustler Formation rocks, particularly
anhydrite. Grouting is specified for the upper shaft seal locations in
the reference seal design.

2.3 Reference Seal System Drawings

Drawings TRI-46-1 through TRI-46-5 (shown in Figures 2-11) depict
the current reference seal system design that embodies the short
term/long-term sealing strategy. The general WIPP facility seal
arrangement is given in Figure 2. The drawings evolved from design
concepts, sketches, and schematics that have been published (Stormont,
1988; Lappin et al., 1989). These drawings are marked "information
only," because they are not for the purpose of construction.

E. J. Nowak assumed primary technical responsibility for preparing,
reviewing, and approving the drawings. For Quality Assurance purposes,
the drawings were reviewed and approved by J. A. Fernandez (SNL,
Division 6314) , T. E. Hinkebein (SNL, Division 6314), and T. M. Torres
(SNL Division 6346). Fernandez and Hinkebein are qualified by their
experience in seal design for the Yucca Mountain Project. Torres has
performed technical analyses of seal components for the WIPP.

The term "reference" describes a design, a material composition, a
set of material properties, or a set of shapes or dimensions chosen to
promote consistency and comparability among the results of tests,
analyses, and evaluations. In general, the reference materials and
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designs are realistic, feasible, and appropriate for WIPP seal systems
and their further development.

2.4 Temporal Sequence of Seal System Functions

Concrete seal components and associated grout in the interbeds will
be the first to become fully functional in the seal system. Initial
curing for each concrete seal component will be completed approximately
28 days after emplacement. At that time, the initial material
specifications given in Figure 11 will be met. The initial curing
period for grouts in interbeds, if any, will also be 28 days or less.
The DRZ in the salt around drift and panel seals is also expected to
offer significant resistance to gas flow initially and may offer
increasing resistance as fractures in the DRZ heal by creep closure
(Lappin et al., 1989). Available information indicates that the DRZ
near the shafts in the Salado Formation may have lower hydraulic
conductivity than near the drifts and rooms at the repository horizon.

The initial functioning of concrete components will follow the
sequence of seal component emplacement: panel seals, drift seals, then
shaft seals. A reference sequence of emplacement for panel and drift
seals is given in more detail in Figure 8. Shaft seals, shown in
Figure 3, will be emplaced starting at the bottom of the shaft and
proceeding upward to the top. Groundwater or brine emanating from
water-bearing zones in the Rustler Formation will be collected and
removed until underlying seal materials have been emplaced and concrete
components have cured. After it is emplaced, the upper seal system will
limit the flow of water from the Rustler Formation into the Salado
Formation to allow complete consolidation of the crushed salt shaft seal
components in the Salado.

The functional lifetime of the concrete seal components will be at
least 100 years and probably longer. They will meet the material
specifications given in Figure 11. Laboratory data and chemical
understanding of the concrete/groundwater system confirm the longevity
of the concrete. Concrete components are not required to function
beyond 100 years, because consolidated crushed salt components will
provide the controlling hydraulic resistance in the seal system within
the 100-year period.

The clay components will be functional immediately after they are
emplaced and contained by the concrete components, but they must absorb
some water or brine before they swell and have the required low
permeability. Although absorbed rapidly, water is bound by the clay and
does not pass through it. After the clay is saturated and swells, it
exhibits a very low conductivity for water flow. The clay components in
the upper seal system are expected to be the first to swell and control
water flow from the Rustler Formation. This flow control function is
required for the first 100 years after emplacement. Eventually, all of
the clay components are likely to absorb groundwater or brine from the
surrounding host rock, swell, and reach a state of low permeability.
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The clay may remain functional longer than the required 100 years,
thereby providing sealing redundancy.

The crushed salt components will be the last to become fully
functional. Within 100 years, the crushed salt will be consolidated to
nearly the same permeability that is exhibited by the host rock salt.
At that time, consolidated crushed salt will provide the controlling
hydraulic resistance, which is expected to last for at least 10,000
years. Additional data and numerical analyses are required for detailed
temporal predictions of the hydraulic conductivity for the crushed salt
seal components. The first crushed salt components expected to be fully
reconsolidated are those in panels and drifts, in the order of
emplacement (described in Figure 8). Preliminary estimates of
reconsolidation times are given by Arguello (1988) for drift and panel
crushed salt seal components and by Nowak and Stormont (1987) for
crushed salt seal components in shafts.

2.5 Multiple Functions and Redundancy in the Seal System

The system includes multiple sealing components for redundancy and
to carry out multiple functions. These components are located in the
four shafts, the four access drifts, and the entrances to the waste
disposal panels, as shown in Figure 2.

Multiple seals are located in the upper shaft for redundancy.
Because saturation by brine may inhibit the consolidation of crushed
salt, control of brine inflow from the Rustler Formation is the
principal determinant of performance requirements for the upper shaft
seal system. The upper shaft seals are designed to limit groundwater
flow into the lower shafts from water-bearing zones in the Rustler
Formation until reconsolidation of crushed salt in the lower shaft is
sufficient for sealing effectiveness.

Short-term seals in the lower shaft provide short-term waste
isolation, gas flow control, and redundant water inflow control for
approximately 100 years after emplacement. The column of crushed salt
in the lower shaft seal system is the primary long-term barrier to the
escape of hazardous waste components from the repository horizon.

Drift and panel seals provide additional resistance to the escape
of hazardous waste materials and help mitigate the potential effects on
the shaft seal system of gas generation in the waste disposal area.
They also attenuate gas flow from the waste disposal area.

2.6 Materials Selection and Compatibility

Crushed salt mined from the WIPP has been chosen as the sole long
term seal material. There is very little compositional difference
between the crushed salt and the rock salt from which it was mined.
Laboratory studies and numerical analyses have shown that crushed salt
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emplaced in WIPP excavations will be consolidated by creep closure to a
hydraulic conductivity approaching that of the host rock salt itself
(Holcomb and Shields, 1987). No other materials have been found to be
as stable and to have such a low hydraulic conductivity. Therefore, the
crushed salt seals are expected to remain mechanically and chemically
compatible with the WIPP environment for the required lifetime.

This reference design incorporates short-term sealing materials
that have been tested in the WIPP program and in other waste management
programs. The chosen materials work well in the current seal system.
For example, swelling clay material is in the current reference design,
because the swelling pressure can be tailored by controlling its
emplaced density, and the geochemical stability of bentonite swelling
clay in WIPP brines has been tested (Krumhansl, 1984). Other seal
materials, such as bitumen, will be retained as options until the final
seal designs are chosen.

The potential for degradation of short-term seals by interactions
between transuranic waste and the reference seal materials is being
evaluated. Interactions identified for evaluation are mechanical and
chemical. Pressure may be applied to seal components by gases generated
in the waste disposal area by microbiological activity and corrosion.
Chemical reactions may occur among reactants from the waste and the
seals.

Mechanical degradation of seals by gas pressure is very unlikely,
because gas escape from the waste disposal area is expected to be
gradual, and the source pressure is not expected to exceed lithostatic
by more than the crack clamping stress. Pressures due to this gas flow
are expected to be attenuated to values lower than lithostatic in steps
by the hydraulic resistances of each of the intervening concrete and
grout drift seal components and associated DRZs between the waste area
and seals in the shaft. Each concrete seal component will be designed
to withstand a pressure difference that equals or exceeds the local
lithostatic confining pressure. Therefore, design pressures cannot be
exceeded. The forces due to consolidating crushed salt will be included
in the design process. More detailed analyses of the mechanical
stability of seal components in the presence of flowing gas are planned.

Slow reactant transport rates are expected to limit chemical
interactions of seals with the waste. Gas-phase convection and
diffusion are the only available transport mechanisms for chemical
reactants from the waste during the first 100 years after the
operational period, because the repository is anticipated to remain
unsaturated during the period. The consolidation of crushed salt seal
materials will take place during the IOO-year period. After
consolidation, the long-term crushed salt seals will have very low
hydraulic conductivities comparable to those of the Salado Formation;
therefore, over the long term, chemical interactions with waste
materials should become increasingly unlikely. The likelihood that any
significant deterioration of seal materials could result from such
interactions is being evaluated.
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Also being evaluated are potential chemical interactions among seal
components. Currently identified for study is the effect of locally
increased pH due to concrete/water reactions on swelling clay at the
concrete/clay interface.
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3. LOWER SHAFT SEAL SYSTEM

The functional requirements, seal system reference concept, and
individual seal components for the lower shaft seal system are described
in this section. The lower shaft seal components include swelling clay,
concrete, and crushed salt (see Figures 6-7).

3.1 Lower Shaft Seal System Functional Requirements

The long-term functional requirement for the lower shaft seal
system is to return the lower portion of each shaft to a permeability to
fluids comparable to intact rock salt within 100 years (Nowak and
Stormont, 1987). Thus, within 100 years, the lower shaft becomes a flow
barrier equivalent to the host rock salt. The short-term components of
the lower shaft seal system function as redundant barriers to the
intrusion of water from the upper water-bearing zones in the Rustler
Formation and as resistances to the flow of gases. This short-term seal
function continues to be necessary until the long-term functional state
of the seal system has been reached by the reconsolidation of emplaced
crushed salt due to creep closure of the shaft walls.

3.2 Lower Shaft Seal System Reference Concept

The crushed WIPP salt primary seals in the lower shaft are confined
by concrete bulkheads and the surrounding rock until sufficient
consolidation has been achieved. The concrete components also resist
the flow of gases. The limited information available indicates that the
DRZ in the Salado Formation near the shaft seals may have low hydraulic
conductivity. Therefore, the short-term concrete seal components in the
shafts are expected to a become effective resistances to the flow of
liquids and gases very soon after the 28-day curing period. Swelling
clay (e.g., bentonite) components provide redundant protection from
infiltration by water from upper shaft water-bearing zones or other
potential sources above or below the Salado Formation.

3.3 Lower Shaft Seal Concrete Components

Concrete components will be located in the shafts within the Salado
Formation. Their locations within the entire shaft seal system are
shown in Figure 3. They are described in more detail in Figure 6.
Concrete components will be emplaced as end-members of composite seals
containing preconsolidated crushed salt and swelling clay material.

Containment of preconsolidated crushed salt and swelling clay
components, and resistance to fluid flow are the major roles of the
concrete components. Equivalent permeabilities on the order of 10-19 m2
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to 10-20 m2 have been measured after one year for concrete emplacements
in the Salado host rock (Peterson et al., 1987).

Reference physical dimensions (Stormont, 1988) have been derived
from concrete seal length criteria (Garrett and Pitt, 1958; and 1961)
and numerical analyses (Van Sambeek, 1987). The reference length is
10 m, and keyways are envisioned to support axial loads from the mass of
the concrete, clay swelling pressures, consolidating crushed salt, and
potential gas generation in the waste disposal area. Possible concrete
shapes have been presented (Stormont, 1988), and alternative reference
shapes are shown in Figure 10. Reference designs for all shafts,
including dimensions, are given in Figure 6. The definitions of shapes
(e.g., keyways, tapers, curves) continue to be refined using numerical
models and other analyses.

The reference concrete formulation for lower shaft seals in the
Salado Formation halite (Gulick and Wakeley, 1989) is given in Table 1.

Table 1. Reference Concrete Formulation for Lower Shaft Seals.

Materi a1
Fine local (Carslbad, NM) aggregate
Coarse local (Carlsbad, NM) aggregate
BCT-1F grout

Proportion (wt%)
-35
-35
-30

The reference BCT-1F salt-saturated grout, developed specifically
for WIPP applications in the Salado Formation, has been extensively
characterized (Gulick and Wakeley, 1989). The grout exhibits low heat
evolution, durability, high density, low permeability, and desirable but
not essential high expansion. It is prepared with the formulation given
in Table 2.

Table 2. Reference BCT-IF Salt-Saturated Grout

Materi al
Class H Cement
Cl ass C Fly Ash
Cal Seal (Plaster)
Sodium Chloride (NaCl)
Dispersant
Defoamer
Water

Proportion (wt%)
48.3
16.2
5.7
7.9
0.78
0.02

21.1

Concrete formulation is continuing. The mechanical stability of
concrete components also continues to be addressed via calculations.
Curing and stress analyses are planned.

Initial results from tests and literature reviews (Stormont, 1986;
Stormont and Howard, 1986; Wakeley, 1989;) support the expectation that
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grouts and concretes will be stable in halite and in brines that have a
high sodium chloride content. The chemical stability of concrete and
concrete compatibility with WIPP brines, WIPP salt, swelling clay, and
the contents of waste disposal rooms continue to be assessed.

The feasibility of emplacing concrete components in vertical WIPP
excavations has been demonstrated by emplacements of several small-scale
(1 m diameter, 1 m long) concrete bulkheads in vertical boreholes
underground (Stormont, 1986). A local concrete supplier and typical
industrial concrete-handling equipment were employed. The performance
of these emplacements was verified, because equivalent permeabilities on
the order of 10-19 to 10-20 m2 (Peterson et al., 1987) were measured
within 1 year after emplacement. Large-scale in situ tests applicable
to shaft seals are being planned.

3.4 Lower Shaft Seal Swelling Clay Components

Swelling clay (e.g., bentonite) components will be located in the
shafts within the Salado Formation. Their locations within the entire
shaft seal system are shown in Figure 3. They are described in more
detail in Figure 6.

The swelling clay components provide redundant protection of
consolidating crushed salt from infiltration by water from strata
outside the Salado Formation. Low permeability and swelling upon uptake
of water are well-known properties of swelling clay materials such as
bentonite. These properties have been studied extensively for
application to the isolation of radioactive waste (Coons et al., 1987).
Calculations show that a single bentonite seal of 4 m length can
sufficiently reduce water flow from overlying strata to protect
underlying crushed salt from saturation (Stormont and Arguello, 1988).

The reference length of 4 m for the swelling clay components was
derived from empirical length requirements for clay seals (Stormont,
1988; National Coal Board, 1982). The reference shape is cylindrical.
Reference designs for all shafts, including dimensions, are given in
Figure 6.

The swelling clay is expected to remain stable and effective for
much longer than 100 years (Stormont, 1988). Clays exist naturally in
geologic formations, including bedded salt. Evidence for the
effectiveness of clay as a sealant for more than 2,000 years has been
reported (Lee, 1985). The transformation of bentonite to nonswelling
minerals, although possible, is expected to be very slow at WIPP ambient
temperatures (Meyer and Howard, 1983). Experiments in WIPP-specific
brines (Krumhansl, 1984) showed that bentonite should remain effective
in the WIPP for longer than 100 years. The initial density of swelling
clay components will be tailored to swelling pressure requirements and
the limits imposed by local lithostatic pressure and load-bearing
capacities of concrete retaining structur.es. The compatibility of
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swelling clay materials such as bentonite with reference concrete and,
if necessary, waste disposal room contents will be evaluated.

3.5 Lower Shaft Seal Crushed Salt Components

The reference configuration includes preconsolidated (tamped)
crushed WIPP salt in two types of emplacements: as the primary long-term
shaft seal, two emplacements between composite seals located near the
bottom of the shaft, at an intermediate position in the shaft just below
the Vaca Triste Marker Bed, and near the top of the Salado Formation;
for redundancy, an emplacement at the center of each of the composite
seals. The locations of tamped crushed salt components within the
entire shaft seal system are shown in Figure 3. They are described in
more detail in Figure 6.

The emplaced WIPP crushed salt is intended to have a reference
initial density equal to 80% of the density of intact WIPP host rock
salt (80% relative density). That initial density will be achieved by
pouring and tamping crushed salt or by laying preconsolidated salt
blocks. The feasibility of manufacturing crushed WIPP salt blocks with
80% relative density has been shown (Stormont and Howard, 1987). Creep
closure of the lower part of the shaft will continue to consolidate this
crushed salt.

An analysis of crushed salt consolidation in a WIPP shaft showed
that 95% of intact salt density will be reached in the lower shaft
within approximately 100 years. The permeability of the consolidated
salt at that density is expected to be 1 x 10-20 m2, with an expected
range of 3 x 10-21 to 3 X 10-20 m2 (Nowak and Stormont, 1987; Lappin
et al., 1989). The expected height of the final column of consolidated
salt having 1 x 10-20 m2 permeability is 200 m in each shaft, according
to an analysis that used the best current representation of expected
reconsolidation (Nowak and Stormont, 1987; Lappin et al., 1989). The
expected range is 100 to 200 m (Nowak and Stormont, 1987; Lappin et al.,
1989). The expected height may be conservatively small, because the
analysis assumed that brine-saturation of the reconsolidating salt
inhibits further consolidation. Preliminary results from recent
laboratory studies indicate that brine-saturation may not inhibit
reconsolidation.

Ongoing laboratory studies of WIPP crushed salt consolidation are
designed to: (1) quantify the deviatoric (shear) behavior of
consolidating crushed salt; (2) quantify effects of brine-saturation on
consolidation; (3) bolster the data base for crushed salt permeability
as a function of crushed salt density; (4) provide a data base for
mechanistic modeling of consolidation; (5) provide a data base for
defining specifications for WIPP crushed salt seal materials.

Reference designs for all shafts, including dimensions, are given
in Figure 6.
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More data on the deviatoric (shear) behavior of WIPP crushed salt
are needed for definitive calculations of density distributions in full
scale seal components during reconsolidation by creep closure.
Laboratory data will be used to formulate an appropriate constitutive
model, and numerical calculations of density will be carried out.
Assessments of the chemical compatibility of reconsolidating WIPP
crushed salt with waste and other repository components are also
planned.
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4. UPPER SHAFT SEAL SYSTEM

Functional requirements, reference concept, and individual
components for the upper shaft seal system are described. The component
materials include concrete and bentonite, (see Figuers 5 and 7).

4.1 Upper Shaft Seal System Functional Requirements

The upper shaft seal system will limit groundwater flow from water
bearing zones in the Rustler Formation into lower shafts until the
consolidation of crushed salt seal material in the lower shaft is
sufficient for sealing effectiveness (i.e., until the crushed salt is
consolidated to 95% of intact host rock salt density).

The current reference upper limit on groundwater inflow is 1 m3 per
year (Nowak and Stormont, 1987; Stormont and Arguello, 1988; Stormont,
1988). That reference value may be unnecessarily low, because it was
based on an assumption that inflowing groundwater inhibits crushed salt
reconsolidation. Preliminary results from recent laboratory tests do
not confirm that inhibition. The upper shaft will be sealed by
reestablishing the low vertical permeabilities of portions of the
Rustler Formation between the water-bearing zones and the Salado
Formation.

Seals are required to preserve regional water quality by preventing
groundwater flow between the Culebra and Magenta water-bearing strata
through WIPP shafts. These seals are described in Figure 4.

4.2 Upper Shaft Seal System Reference Concept

Swelling clay material such as bentonite is the reference primary
seal component that impedes water flow. In the reference configuration,
clay material is confined by concrete bulkheads. Shaft liners are to be
removed before emplacement of the upper shaft seal system.

4.3 Upper Shaft Seal Concrete Components

Upper shaft seal concrete components are located in the Rustler
Formation between the bottom of the water-bearing zones and the top of
the Salado Formation. Their relative locations within the shaft seal
system are shown in Figure 3. They are described in more detail in
Figure 5. The major role of these concrete components is containment of
the swelling clay components between them.

Reference physical dimensions (Stormont, 1988) have been derived
from concrete seal length criteria (Garrett and Pitt, 1958; and 1961)
and numerical analyses (Van Sambeek, 1987). The reference length is
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10 m, and keyways are envisioned to support axial loads from the mass of
the concrete, clay swelling pressures, consolidation of crushed salt,
and pressures from potential gas generation in the waste disposal area.
Possible concrete shapes have been presented (Stormont, 1988), and
alternative reference shapes are shown in Figure 10. Reference designs
for all shafts, including dimensions, are given in Figure 6. The
definition of shapes (e.g., keyways, tapers, and curves) continues to be
refined using numerical models and other analyses.

The reference concrete formulation for upper shaft seal components
located in the Rustler Formation (Gulick and Wakeley, 1989) is given in
Table 3.

Table 3. Reference Concrete Formulation for Upper Shaft Seals.

Material
Fine local (Carslbad, NM) aggregate
Coarse local (Carl sbad, NM) aggregate
BCT-IFF grout

Proportion (wt%)
-35
-35
-30

The reference BCT-IFF grout, developed specifically for WIPP
applications above the Salado Formation, has been extensively
characterized (Gulick and Wakeley, 1989). The grout exhibits low heat
evolution, durability, high density, low permeability, and desirable but
not essential high expansion. It is prepared with the formulation given
in Table 4.

Table 4. Reference BCT-IFF Grout

Material
Class H Cement
Class C Fly Ash
Cal Seal (Plaster)
Dispersant
Defoamer
Water

Proportion (wt%)
53.1
18.1
6.5
0.68
0.02

21.6

Concrete seal components in the Salado Formation will consist of
the same concrete to be used for lower shaft seal components (see
Table 1).

Concrete formulation is continuing. Similarly, the mechanical
stability of concrete components continues to be addressed via
calculations. Curing and stress analyses are planned for emplacements
in host rock salt.

Laboratory tests and literature reviews are planned to assess the
chemical stability of concrete and concrete compatibility with brackish
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Rustler Formation water, WIPP upper shaft host rocks (particularly
anhydrite), swelling clay materials, and the contents of waste disposal
rooms.

The feasibility of emplacing concrete components in vertical WIPP
excavations has been demonstrated by emplacements of several small-scale
(1 m diameter, 1 m long) concrete bulkheads in vertical boreholes
underground (Stormont, 1986). A local concrete supplier and typical
industrial concrete-handling equipment were employed. The performance
of these emplacements was verified, because equivalent permeabilities on
the order of 10-19 to 10-20 m2 were measured (Peterson et al., 1987).
Large-scale in situ tests applicable to shaft seals are being planned.

4.4 Upper Shaft Seal Swelling Clay Components

Swelling clay (e.g., bentonite) components will be located in the
shafts within the Rustler Formation between the bottom of the water
bearing zones and the top of the Salado Formation. Their locations
within the entire shaft seal system are shown in Figure 3. They are
described in more detail in Figure 6.

Low permeability and swelling upon uptake of water are well known
properties of smectite-containing clay materials such as bentonite.
These properties have been studied extensively for application to the
isolation of radioactive waste (Coons et al., 1987). Calculations show
that a single bentonite seal of 4 m minimum length can sufficiently
reduce water flow from overlying strata to protect underlying crushed
salt from saturation (Stormont and Arguello, 1988).

The reference minimum length of 4 m for the swelling clay
components was derived from empirical length requirements for clay seals
(Stormont, 1988; National Coal Board, 1982). The reference shape is
cylindrical. Reference designs for all shafts, including dimensions,
are given in Figure 6.

The swelling clay is expected to remain stable and effective for
much longer than 100 years. Clays exist naturally in geologic
formations, including bedded salt. Evidence for the effectiveness of
clay as a sealant for more than 2,000 years has been reported
(Lee, 1985). The transformation of smectite to nonswelling minerals,
although possible, is expected to be very slow at WIPP ambient
temperatures (Meyer and Howard, 1983). Experiments in WIPP-specific
brines (Krumhansl, 1984) showed that bentonite should remain effective
in the WIPP for much longer than 100 years.

The initial density of the emplaced swelling clay will be tailored
to swelling pressure requirements and the limits imposed by local
lithostatic pressure and concrete retaining structures. The chemical
compatibility of swelling clay materials such as bentonite with
reference concrete, Rustler Formation rocks, and Rustler Formation and
Salado Formation groundwaters will be assessed.
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5. DRIFT AND PANEL SEAL SYSTEM

Functional requirements, reference concept, and individual
components for the drift and panel seal system are described. The
component materials include concrete and crushed salt (see Figure 9).

5.1 Drift and Panel Seal System Functional Requirements

Over the long term, the drift and panel seals are required to
return an interval within the drift to a state of permeability to fluids
comparable to the permeability of undisturbed host rock salt. Thus, the
drift and panel seals become fluid flow barriers functionally equivalent
to the host rock. Within a few months after emplacement, short-term
components of the drift and panel seals will function as redundant
barriers to the intrusion of water from the upper water-bearing zones in
the Rustler Formation and to the flow of gases from the waste disposal
area. This short-term seal function is necessary until the long-term
functional state of the seal system has been reached by the
reconsolidation of emplaced crushed salt due to creep closure of the
shaft walls (in fewer than 100 years).

5.2 Drift and Panel Seal System Reference Concept

Reconsolidating crushed WIPP salt primary seals are confined and
protected by concrete bulkheads and by the surrounding intact rock until
sufficient reconsolidation has been achieved. The concrete components
are also designed to resist the flow of gases. Nearby interbeds
affected by the DRZ will be sealed with special materials such as
grouts. The DRZ in the salt is expected to resist flow initially and be
sealed by creep closure. Therefore, the overall flow resistance at the
concrete component locations is expected to be effective for attenuating
gas pressures along the flow paths.

Drift and panel seals are to be located in the entrances to the
waste disposal panels and in the four long north-south access drifts as
shown in Figure 8. Seals in the entrances to the panels isolate panels
of disposal rooms from each other and offer redundant barriers between
the waste in these panels and the WIPP shafts. The seals in the
northernmost portions of the four access drifts isolate the waste
disposal area from the shafts.

The reference concept and design of the drift and panel seal
components are similar to those for the lower seal system. One
difference is that the reference short-term composite drift and panel
seals do not include swelling clay material. Swelling clay may be
considered as an option later.
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5.3 Drift and Panel Seal Concrete Components

Concrete drift and panel seal components will be end-members that
confine preconsolidated crushed salt, the long-term seal material.
Their locations within the system of WIPP drifts and panels are shown in
Figure 8. They are described in more detail in Figure 9.

Containment of the preconsolidated crushed salt and resistance to
fluid flow are the major roles of the concrete components. Equivalent
permeabilities of the order of 10-19 to 10-20 m2 have been measured for
concrete emplacements in the Salado host rock (Peterson et al., 1987).

Reference length dimensions (Stormont, 1988) have been derived from
concrete seal length criteria (Garrett and Pitt, 1958; and 1961). The
reference length is 10 m, and keyways are envisioned to support axial
loads from the pressure of potential gas generation in the waste
disposal area containment of consolidating crushed salt. Possible
concrete shapes have been presented (Stormont, 1988), and alternative
reference shapes are shown in Figure 10. Reference designs for all
panels and drift seals, including dimensions, are given in Figure 9.
The definition of shapes (e.g., keyways, tapers, and curves) continues
to be refined using numerical models and other analyses.

The reference concrete formulation for drift and panel seals
(Gulick and Wakeley, 1989) is given in Table 5.

Table 5. Reference Concrete Formulation for Drift and Panel Seals.

Material
Fine local (Carslbad, NM) aggregate
Coarse local (Carlsbad, NM) aggregate
BCT-1F grout

Proportion (wt%)
-35
-35
-30

The reference BCT-1F salt-saturated grout, developed specifically
for WIPP applications in the Salado Formation, has been extensively
characterized (Gulick and Wakeley, 1989). The grout exhibits low heat
evolution, durability, high density, low permeability, and desirable but
not essential high expansion. It is prepared with the formulation given
in Table 6.

Concrete formulation is continuing. The mechanical stability of
concrete components of panel and drift seals was shown by numerical
analyses (Arguello and Torres, 1987). No tensile stresses were found in
the modeled concrete component, and preexisting tensile stresses in the
host rock salt were predicted to disappear and become compressive soon
after seal emplacement (Stormont, 1988). The mechanical stability of
concrete components continues calculations. Curing and stress analyses
are planned for emplacements in salt.
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Table 6. Reference BCT-1F Salt-Saturated Grout

Materi al
Class H Cement
Class C Fly Ash
Cal Seal (Plaster)
Sodium Chloride (NaCl)
Dispersant
Defoamer
Water

Proportion (wt%)
48.3
16.2
5.7
7.9
0.7
0.02

21.1

Initial results from tests and literature reviews (Stormont, 1986;
Stormont and Howard, 1986; Wakeley, 1989;) support the expectation that
grouts and concretes will be stable in halite and in brines that have a
high sodium chloride content. The chemical stability of concrete and
concrete compatibility with WIPP brines, WIPP salt, swelling clay, and
the contents of waste disposal rooms continue to be assessed.

The feasibility of emplacing concrete components in horizontal WIPP
excavations has been demonstrated by emplacements of small scale
(1 mdiameter, 1 m long) concrete bulkheads in horizontal boreholes
underground (Stormont and Howard, 1986). A local concrete supplier and
typical industrial concrete-handling equipment were employed. The
performance of these emplacements was verified, because equivalent
permeabil ities on the order of 10-19 to 10-20 m2 (Peterson et al., 1987)
were measured. Large-scale in situ tests applicable to shaft seals are
being planned.

5.4 Drift and Panel Seal Crushed Salt Components

The general locations of these components are shown in Figure 8.
The reference design is shown in Figure 9. Crushed WIPP salt will be
tamped in the locations shown up to the point at which sufficient
overhead for emplacing and tamping is no longer available. The
remaining volume will be filled with preconsolidated crushed salt
blocks.

The crushed salt is intended to have a reference initial density
equal to 80% of the density of intact WIPP host rock salt (80% relative
density). That initial state will be achieved by pouring and tamping
crushed salt and by laying preconsolidated salt blocks. The feasibility
of manufacturing crushed WIPP salt blocks with 80% relative density has
been shown (Stormont and Howard, 1987). Creep closure of the drifts
will continue to consolidate this crushed salt.

Numerical analysis of the consolidation a 20 m-long crushed salt
emplacement between concrete bulkheads in a hypothetical panel seal
(Arguello, 1988) predicted that 95% relative density will be reached in
the central core well within 100 years. The permeability of the
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reconsolidated salt is expected to be 1 x 10-20 m2, with an expected
range of 3 x 10-21 to 3 X 10-20 m2 (Lappin et al., 1989).

Ongoing laboratory studies of WIPP crushed salt consolidation are
designed to: (1) quantify the deviatoric (shear) behavior of
consolidating crushed salt; (2) quantify effects of brine-saturation on
consolidation; (3) bolster the data base for crushed salt permeability
as a function of crushed salt density; (4) provide a data base for
mechanistic modeling of consolidation; (5) provide a data base to define
specifications for WIPP crushed salt seal materials. More data on the
deviatoric behavior of WIPP crushed salt are needed for definitive
calculations of density distributions in full-scale seal components
during reconsolidation by creep closure. Laboratory data will be used
to formulate an appropriate constitutive model, and numerical
calculations of density will be carried out. Assessments of the
compatibility of reconsolidating WIPP crushed salt with waste and other
repository materials are planned.
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6. ApPLICABLE INFORMATION FROM OTHER
WASTE MANAGEMENT PROGRAMS

The WIPP sealing program has been developed in parallel with other
national and international programs for sealing nuclear waste
repositories in salt formations. WIPP design concepts, materials,
technical issues, and proposed methods of emplacement are therefore
similar to those of other programs. For example, the design concepts
for WIPP seals are similar to those proposed by Kelsall et al. (1985a,
and 1985b) for bedded salt repositories in the Paradox and Permian
Basins. Similarly, techniques for developing candidate concrete
mixtures are almost identical to those described by Buck (1985) for a
high-level waste repository. Bentonite components have been studied
extensively in the Swedish and Canadian nuclear waste disposal programs.
Finally, international programs in France, the Federal Republic of
Germany (FRG), and the Netherlands generally use multicomponent seals
with various combinations of crushed salt, bitumen, and concrete
components (Jehan and Raynal, 1989; Prij and Vons, 1989; Engelman et
al., 1989). Much of the pertinent information from the international
program is summarized below.

6.1 Crushed Salt

Analyses of crushed salt behavior are being performed in the FRG to
develop and support constitutive models for the thermomechanical study
of the interaction between the salt rock and crushed salt backfill in a
high-level waste repository. Laboratory and in situ experiments
demonstrated that creep of the host rock had a significant effect on the
consolidation of the crushed salt backfill, whereas the backpressure of
the crushed salt backfill on the host rock was negligible (Ghoreychi et
al., 1989).

Full-scale in situ testing programs to investigate crushed salt
consolidation are being designed, developed, and initiated at the Asse
salt mine in the FRG (Bechthold et al., 1989; Engelmann et al., 1989).
Thermal conditions relevant to a spent fuel repository will be
simulated. The planned experiments are designed to provide data on
backfill and host rock behavior. Backfill material is to be crushed
salt. Part of the instrumentation program will determine the following
information (Bechthold et al., 1989): temperature in the crushed salt
backfill, backfill density and compaction, and permeability of the
crushed salt backfill.

Another full-scale in situ test is being planned to investigate the
long-term sealing effectiveness of crushed salt and other seal materials
and to demonstrate the technical feasibility of tight sealing against
elevated gas and fluid pressures. A test dam (bulkhead) consisting of
several seal components is to be built in the Asse salt mine. The
multiple-prism-shaped sealing system will consist primarily of an
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abutment of salt-saturated concrete, a long-term seal component composed
of compacted briquettes of crushed salt, and various other sealing
materials (e.g., asphalt). The test program will compare measured in
situ permeabilities with long-term predictions (Engelmann et al., 1989).

Other in situ tests and investigations at the Asse salt mine
include the compression behavior of rock salt grit, the permeability of
emplaced backfill, and the examination of a 60-year old backfilled
chamber (Kappei, 1987). The old backfilled section has already
undergone considerable consolidation. Cores were obtained and examined
for density, pore volume, permeability, and unconfined compressive and
tensile strength. In addition, laboratory and field load consolidation
studies showed that reconsolidation can be more readily achieved if the
initial bulk density has reached a high degree of compaction before
installation (Kappei, 1987). Investigations of the consolidation
behavior of crushed salt when brine is added have also been initiated
(Kappei, 1987). Early results indicate that the final compression
increases with increasing moisture content when starting with the same
initial bulk density.

6.2 Concrete

Studies show that a concrete component possessing high chemical
durability can be formulated, and fabrication methods can be developed
to yield a high-density, high-strength concrete component that provides
an effective barrier for times longer than 100 years (Heimann et al.,
1986). However, laboratory studies have indicated that the presence of
clay accelerates the rate of dissolution of some cements (Heimann et
al., 1986). The longevity of concrete was evaluated in a report by
Malinowski (1981). The evaluation of some cementitious materials
revealed that they had survived in apparently good condition for
centuries.

A test dam of salt-saturated concrete components and components of
other seal materials will be built in the Asse salt mine.

Several cross-sectional concrete seal designs have been evaluated
structurally for sealing off cavities in potash and rock salt mines
(Sitz, 1984). Calculations were performed on several designs to predict
tensile stresses, fractures in the seal or rock, etc. Several different
types of concrete have been structurally evaluated for seal tightness.
Newly developed cross-sectional sealing variants in practical use have,
thus far, been successful (Sitz, 1984).

6.3 Swelling Clay

A major ongoing program that supports the use of Na bentonite as a
sealing component is the Stripa Project in Sweden (Pusch, 1987). The
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Stripa Project has a very comprehensive bentonite study, including
laboratory studies, and small- and large-scale in situ tests.
Laboratory and in situ testing demonstrated the ability of bentonite to
absorb water and swell. Swelling causes the saturated bentonite to
expand into openings to be sealed (Pusch, 1980, and 1987; Pusch et al.,
1987). Laboratory studies indicated that highly compacted confined
bentonite could develop swelling pressures as high as 50 MPa (Pusch,
1980). In addition, it was determined that swelling pressure can be
controlled by controlling the bulk density of the clay (Pusch, 1980).

Large-scale in situ tests demonstrated that the slowest and lowest
pressure buildups were in portions of the seals where the bentonite was
loosely layered (pressures did not exceed 0.1 MPa), while the maximum
pressures recorded (0.5 MPa) were where the bentonite was at a higher
density. At the rock/bentonite interface, the pressure buildup was
irregular, indicating that the saturation and swelling were functions of
the fracturing and displacement of the bentonite blocks (Pusch, 1987;
Pusch et al., 1987). Laboratory and in situ tests demonstrated that Na
bentonite penetrates fractures wider than 0.1 mm (Pusch et al., 1987).

Another investigation was developed to test the potential of
erosion as a cause of bentonite loss (Pusch, 1983). Water uptake in
dense bentonite produces expansion that results in a tight contact with
the confining rock, and the swelling potential leads to a continued
expansion of the bentonite into joints and fractures (Pusch, 1983). In
situ tests demonstrated that erosion of highly precompacted bentonite in
the initial phase is negligible; furthermore, the bentonite that has
expanded into rock fractures is not substantially affected.

Major conclusions about the sealing function of highly
precompacted, confined bentonite include the following (Pusch, 1987):
bentonite swells and makes a tight interface contact with the
surrounding host rock, wetting proceeds at the rate predicted by basic
diffusion-type models, and bentonite penetrates into visible open
fractures and seals them to a depth of a few millimeters.

Another major ongoing program supporting the use of Na bentonite as
sealing material is the Canadian Nuclear Fuel Waste Management Program.
Gray et al. (1984) and Lopez (1987) evaluated the use of sand/bentonite
mixtures for sealing. The Canadian program also recognized the ability
of bentonite to swell and heal on exposure to free water; however, it
was noted that a very high swelling pressure could be undesirable.
Laboratory studies indicated that measured swelling pressures for 100%
Na bentonite initially increased linearly and slowly as a function of
increasing dry density.

Other laboratory studies evaluated crushed granite/clay mixtures
over a range of parameters (mix proportions, moisture content, etc.).
Bentonite was significantly more impervious to water migration than
other tested clays. Bentonite was also self-healing when dried and
rewetted (Radhakrishna and Chan, 1985).
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A documented analog the expectation that a properly placed clay
sealant can effectively prevent the migration of water and air in a
subsurface environment for periods as long as 2,100 years (Lee, 1985).

-26-



7. PRINCIPAL ACTIVITIES AND PRODUCTS OF THE
SEAL SYSTEM DEVELOPMENT PROGRAM

The principal activities in the sealing program are focused on
developing a detailed conceptual design for the seal system and a seal
system performance model. Major products of the program, along with
program elements such as supporting reports, analyses, designs, and test
implementation, are depicted in Figure 1. Also shown by interconnecting
lines, arrows, and dates are paths and time sequences of testing and
information flow. Descriptions of these products, program elements, and
related activities follow. Dates from the Figure are given in
parentheses with the related text. For example, the seal system
performance model (7/92) is shown in Figure 1 with a completion date of
7/92.

The detailed conceptual design (5/93) will consist of engineering
drawings that depict the location, physical dimensions and shapes,
sequence of emplacement, and materials to be used for each component of
the seal system. Accompanying text will describe seal
emplacement/construction, the compositions of specific materials for the
seals, and the results of numerical analyses for evaluating numerous
features of the design. References will be given for supporting
technical reports that document laboratory- and field-test results,
emplacement feasibility demonstrations, technical details of mechanical
and hydrologic models, seal materials stability and compatibility
evaluations, and other relevant material. The detailed designs and
performance models (7/92) for the seals will be used as the basis for
seal-related performance evaluations in total system performance
assessments.

Key testing activities include large-scale seal tests, small-scale
seal tests, disturbed rock zone (DRZ) characterization measurements, and
brine inflow tests. Descriptions of these activities and their
significance follow.

Large-scale in situ tests of selected seal components will be
emplaced (beginning 1/92) in excavations in the experimental area of the
WIPP. These tests will demonstrate emplacement operations (1/92) and
provide data on the short-term performance of the emplacements (6/92,
6/93, 6/94). Results will be used to aid in predicting hydraulic
conductivities for gases and liquids in shaft, drift, and panel seals,
including associated interbeds and the DRZ. The temporal performance
(7/92) of all seal components will be extrapolated from large- and
small-scale in situ test data, laboratory data, numerical modeling and
analyses, and experience from other facilities and programs (e.g.,
potash mines and international programs on waste disposal in salt).

Small-scale in situ tests demonstrated the emplacement and initial
performance of concrete seal components (1986). Concrete was emplaced
in 1 m intervals of I-m-diameter boreholes that had both horizontally
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and vertically oriented axes, and initial performance was determined by
measurements of fluid flow. The horizontally oriented boreholes were
used to demonstrate the pumping of concrete into the space between
vertical forms, the operation anticipated to be used for drift and panel
seals. The vertically oriented boreholes were used to demonstrate
pouring of concrete in a simulated shaft. Good initial performance was
measured for emplacements in both orientations.

Small-scale in situ tests in 1-m-diameter boreholes will
demonstrate the emplacement of preconsolidated blocks of swelling clay
material (bentonite) (1989) and crushed WIPP salt (1989). The initial
performance of the emplaced swelling clay blocks will be determined by
measurements of brine flow rates through the clay (1/91).

Small-scale in situ tests of emplacement and initial performance of
seal components and grouts in interbeds and anhydritic rocks are being
planned (6/91). Small-scale tests of multicomponent seals are also
being planned.

The development and some fluid flow characteristics of the DRZ
around WIPP rooms, drifts, and shafts, including interbeds, have been
determined by in situ fluid flow measurements (1988). Laboratory data
have shown that the DRZ in predominantly halitic rock is likely to
reheal as creep closure restores compressive stress in the rock.
Investigations have also shown that interbeds (e.g., Marker Bed 139) may
require special sealing techniques such as grouting. Ongoing
investigations of the DRZ emphasize the temporal evolution of hydraulic
conductivities for gases and liquids in halitic rocks and in interbeds
near WIPP excavations (10/90, 8/91, and 1/92).

Models for quantitative predictions of brine transport from the
host rock salt into consolidating crushed WIPP salt and for creep
closure will be obtained from other WIPP programs. Model development
for brine inflow includes elucidation of fluid flow mechanisms and
incorporation of heterogeneities in the host rock. In situ measurements
will be carried out over several years, and predictions beyond that time
frame will be made from mechanistic models for brine transport in the
Salado Formation.
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ApPENDIX A

GLOSSARY OF PRINCIPAL SEAL-SPECIFIC TERMS

The principal seal-specific terms used in this report are defined
below to aid understanding of the drawings and the text of this report.

Design Basis - Specific design requirements and parameters for a
seal design task that have been derived from the design criteria;
the design basis is a translation of design criteria into the
specifics for a particular seal component or system to assure that
it will satisfy the criteria.

Design Concepts - Generalized descriptions of shapes, materials,
locations, and functions of seal components (usually depicted in
undimensioned sketches); the feasibility of a concept is evaluated
before proceeding to a more detailed design.

Design Criteria - Requirements, characteristics, performance goals,
and general standards for the design of seal systems and
components, i.e., the standards against which the design will be
evaluated; the design basis is derived from the design criteria.

Design Methodology - The approaches, techniques, mathematical
relationships, models, and values for conditions and properties
that have been chosen to be used uniformly throughout the seal
design process by all participants; an accepted design methodology
assures uniformity and comparability among all design calculations,
options, and decisions.

Design Options - Alternative design specifics or approaches that
conform to the design methodology and satisfy the design criteria.

Detailed Conceptual Design - Design drawings and associated
materials specifications, equipment identification, sequence of
operations, etc., for all seal components. The design is intended
to provide sufficient detail to establish emplacement feasibility
and to serve as the basis for performance assessments related to
regulatory compliance evaluations. The design will be described in
a design report that will be published in FY93.

Disturbed Rock Zone (DRZ) - The volume of rock in which mechanical
properties and hydrologic properties have changed significantly in
response to an excavation. The DRZ near a seal may impact the
performance of the seal.

Drift Block - Those portions of drifts that are bounded by a
specified set of drift and/or panel seals.

Drift Seals - Multicomponent seals placed in underground drifts.
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Functions - The purposes for which seal components are intended;
these include considerations of brine and/or gas flow, duration of
the needed performance, etc.

Large-Scale Seal Tests - In situ tests planned to demonstrate, on a
full-scale or nearly full-scale, the emplacement feasibility and
the post-emplacement performance of selected. seal components.

long-Term Seal - A set of seal components consisting of
preconsolidated salt emplaced within the Salado Formation and
intended to function as a principal, post-closure barrier to fluid
flow; the low hydraulic conductivity is achieved by consolidation
to a permeability state approaching that of the original WIPP host
rock salt.

Panel Seals - Multicomponent drift seals placed in the access or
egress drifts that serve the waste emplacement panels.

Reference Configuration - A set of seal designs (drawings,
materials specifications, equipment, etc.) that form the current
referenceable basis for use in evaluations of seal system
performance and for interfaces with other organizations (repository
operations, regulators, etc.).

Seal Component - One of the distinct elements of a composite seal,
having a defined function and generally identified by the principal
material used in its construction, e.g., concrete, bentonite, or
crushed salt.

Seal System - The assemblage of engineered barriers, to be
ultimately emplaced in shafts, drifts and their associated
disturbed rock zones, designed to limit fluid flow to and from the
repository for the purpose of meeting regulatory requirements.

Shaft Seals - Multicomponent seals placed in the four shafts that
provide access to the WIPP repository horizon.

Short-Term Seal - A set of seal components (e.g., concrete,
bentonite) that are required to perform for a period of
approximately 100 years to assure that the long-term components can
begin to function as designed.

Small-Scale Seal Performance Tests - A series of in situ tests,
currently being conducted in approximately I-meter diameter
boreholes, designed to demonstrate the emplacement feasibility of
shaft and drift seal components in both horizontal and vertical
excavations and to measure post-emplacement seal material
performance.
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A WASTE SHAFT. US DOE/WIPP DRAWING 31-R-G13-0ID

(BECHTEL, SAN FRANCISCO, CAl AND US DOEjWIPP
DRAWING 31R~2~OID (WESTINGHOUSE, CARLSBAD, NMI

B AIR INTAKE SHAFT US DOE/WIPP DRAWING 33-R-OOl-34A
(BECHTEL, SAN FRANCISCO, CAl AND US DOEjWIPP
DRAWING 33·R-029-34A (BECHTEL, SAN FRANCISCO, CA)

C EXHAUST SHAFT, US DOE/WIPP DRAWING 35-R-OO'-OID
(BECHTEL, SAN FRANCISCO, CAl AND US DOEjWIPP
DRAWING 3S·R·OO2-0ID (BECHTEL, SAN FRANCISCO, CAl

D "EXPLORATORY SHAFT, US DOE/WIPP DRAWING 37·R·Q1Q
(BECHTEL, SAN FRANCISCO, CA) AND US DOE/WIPP
DRAWING 37 -R-012 (BECHTEL, SAN FRANCISCO, CAl

"EXPLORATORY SHAFT HAS SINCE BEEN CHANGED TO
CONSTRUCTION & SALT HANDLING SHAFT

627'

16'-4"

r GROUT, TYPICAL

.. V .(FOA DESCRIPTION OF MATERIAL SEE

":: '. NOTE @ ON DRAWING NUMBEA TAI-46-S)

SECTION D-D

EXHAUST SHAFT

36'-1"~

MAGENTA MEMBER

CULEBRA MEMBER

'CLAY, TYPICAL
(FOR DESCRIPTION OF MATERIAL SEE

NOTE @ ON DRAWING NUMBER TRI-46-S)

---- 627'

----- 739'

i"===';:"'-0..=--=-- 592'

IS===--=-r-- 710'

r- 19 '-1l"

SECTION C-C

AIR INTAKE SHAFT

39'-8"-~

/- CONCRETE, TYPICAL
{FOR DESCRIPTION OF MATERIAL SEE

NOTE @ ON DRAWING NUMBEA TAI-46-S}

-- --727'

rSHAFT I!lACKFILL, TYPICAL
/ (MATERIAL TO BE DETERMINED)

'---SHAFT BACKFILL, TYPICAL
(MATERIAL TO BE DETERMINED)

h=:::S:::;:=-"-=--=-- 597'

IS=;=~-:"::-;"=--705'

WASTE SHAFT

SECTION B-B

42'-9" -, r-23'-0"
/

/

32'-10"

CULEBRA MEMBER

MAGENTA MEMBER

~* 32'-10"
I

~~=t-*",.
I

SECTION A-A

C 8 SH SHAFT

31'_7"~@,::<",__~/",r-ll'_10"
. ,~ ~ .' .

, /-,-: "

B

c

D

A *NOTE:
THESE DIMENSIONS AND ANGLES ARE TYPICAL
FOR ALL SHAFT CONFIGURATIONS,

o 20 40 60

"'bw...-"iiii..z;loo-........' I

SHEET 2 OF 5

cwo NUMBER

TRI-46-2

2

NEXT ASSEMBLY

APPLICATION

34

SCALE IN FEET

5678

Fig. 4. Shaft Seals Water Bearing
Zone Plan and Section
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REVISIONS

DE8CRIPTION DATE APPROVED

D

B

c

*EXPLORATOAY SHAFT HAS SINCE BEEN CHANGED TO
CONSTRUCTION & SALT HANDLING SHAFT

4 ALL SHAFT DRAWINGS REPRESENT EXCAVATED DIAMETERS
(I.E, WITHOUT LINERS) FOR BOTH EXISTING AND PLANNED
CONSTRUCTION LINERS AND KEYS MUST BE REMOVED
BEFORE SEAL EMPLACEMENTS

5 EXISTING SHAFT KEYS ARE INDICATED BY DASHED LINES
(.. - -.)_ THE KEYS ARE REPRESENTED ACCORDING TO
INFORMATION OBTAINED FROM THE FOLLOWING DRAWING
SETS
A WASTE SHAFT uS DOE/WIPP DRAWING 31-R-.Q13-0ID

(BECHTEL, SAN FRANCISCO, CAl AND US DOE/WIPP
DRAWING 31-R-002-0ID (WESTINGHOUSE. CARLSBAD, NM)

B AIR INTAKE SHAFT US OOEfWlPP DRAWING 33·A.(X)1-34A
(BECHTEL, SAN FRANCISCO, CAl AND US DOEjWlPP
DRAWING 33-R-D29·34A (BECKTEL, SAN FRANCISCO. CAl

C EXHAUST SHAFT_ US DOEfW1PP DRAWING 35-A-OOl -010
(BECHTEL. SAN FRANCISCO, CAl AND US DOEjWlPP
DRAWING 35-R-002-0ID (BECHTEL. SAN FRANCISCO, CAl

o *EXPLORATORY SHAFT, US DOE/WIPP DRAWING 37·R-Q10
(BECHTEL, SAN FRANCISCO, CAl AND US DOEjWlPP
DRAWING 37·R-D,2 (BECHTEL. SAN FRANCISCO, CAl

@ITS

DEPTH MEASUREMENTS INDICATE NUMBER OF FEET BELOW
THE SURFACE, WHERE THE SURFACE EQUALS 0'-0" THE
SUAFACE ELEVATION THAT 1$ USED AS THE REFERENCE IS
3,409'-0" (USGS 1927 NOATH AMERICAN DATUM)

2 ALL STRAilGRAPHIC FEATURES ARE REPRESENTED
ACCORDING TO DATA COMPILED FROM U,S. DEPARTMENT OF
ENERGY. OCTOBER 1986, WIPP DESIGN VALIDATION FINAL
REPORT, DOE-WIPP..ss-010, BECHTEL NATIONAL INC, SAN
FRANCISCO, CA

3 THE UPPER SHAFT SEAL SYSTEM IS TO BE CONSTRUCTED AT A
DEPTH WHERE THE BonOM TWO COMPONENTS (I.E., CLAY
AND CONCRETE) RESIDE BELOW THE RUSTLER·SALADO
CONTACT

RUSTLER
FORMATION
11l=l1<=:il1e:;lla,~r~I"'laU;;!!lI'llf!!S

II SA'LADO III III

FORMATION

'-39'-8"

- 21'-0"

- 16'-4"

CGROUT, TYPICAL

/ ~~.?..R DESCRIPTION OF MATERIAL SEE
/ NOTE @ ON ORAWING NUMBER TRI-46-S)

CRUSHED WIPP SALT, TYPICAL

CLAY, TYPICAL
(FOR DESCRIPTION OF MATERIAL SEE

NOTE @ ON DRAWING NUMBER TRI-46-5)

25'-7"

19'-11"

SHAFT BACKFILL, TYPICAL
/ (MATERIAL TO BE DETERMINED)

---\-

",
"'------CONCRETE, TYPICAL
(FOR O~CRIPTION OF MATERIAL SEE
NOTE ~ ON DRAWING NUMBER TRI-46-5)

27'-6"

~CONCRETE,TYPICAL
(FOR DESCRIPTION OF MATERIAL SEE

NOTE ® ON DRAWING NUMBER TRI·46-S)

r-""'-+- 20'-0"

-- * 32'-10"

-*13'-1"

~~* 32'-10"

i
~* 32'-10"15'-0"

11'-10"

11'-10"·

D

c

B

C 8 SH SHAFT WASTE SHAFT AIR INTAKE SHAFT EXHAUST SHAFT

* NOTE:
THESE DIMENSIONS AND ANGLES ARE: TYPICAL
FOR ALL SHAFT CONFIGURATIONS.

SHEET 3 OF S

DWQ NUMBER

TRI-46-2

SHAFT SEALS
UPPER SEAL SECTION

2

CHK D_'.. "lJ,....... ,~r-I ,,)t'l8'I

APPLICATION

NEXT ASSEMBLY

3

SNL APPROVALS ~

.. Sandia National Laboratories A
rO__R__oT-o-.__T__E-t-::;--;;:;-::;jr-------t----:--~:_---~--....:~r=.'~---------------1

OA W DUMAS/C. NORTHROP TITLE

4

60

!
40
I

SCALE IN FEET

5

-

678

A

Fi g. 5. Shaft Seals Upper Seal Section
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8 7 6 5 4 3 2
REVISIONS

l TR DESCRIPTION OATE APPROVEO

D

C

VACA TRISTE MB

CRUSHED WIPP SALT, TYPICAL

CRUSHED WIPP SALT (TAMPED),
TYPICAL

(FOR DESCRIPTION OF MATERIAL SEE

NOTE e ON DRAWING NUMBEA TAI-46-S)

r0
\

932' --'
1354' ---@

'/1955' --,

'@

15'-0"--+-+-~

SEE DETAIL "A"-\

"'-CRUSHED WIPP SALT (TAMPED),
TYPICAL
(FOR DESCRIPTION OF MATERIAL SEE

NOTE @ ON DRAWING NUMBER TAI-46-S)

~CLAY, TYPICAL
, (FOR DESCRIPTION OF MATERIAL SEE

NOTE @ ON DRAWING NUMBEA TAI-46-S)

r0
1931' ---.J

1349' ®1/ 1955
' l0)

I ~---
I . /i\

L_

'~CONCRETE,TYPICAL
(FOR DESCRIPTION OF MATERIAL SEE

NOTE e ON DRAWING NUMBER TRI-46-5)

20'-0"

L _

1928' fl
1356' --®1/ 1955

' II"::'.
! '-0,

32'-10"

16'-5"

32 1_10"

13
1
-1 11

13'-1"

1906' ft
'1349' ---0

111955' l
I -<i>

L_

*
600---r->

1/

D

C

SCALE, 1"' 20'

WASTE SHAFT

SCALE,1"·2D'

AIR INTAKE SHAFT

SCALE, 1', 20'

EXHAUST SHAFT

SCALE' 1" 20'

* NOTE,
THESE DIMENSIONS AND ANGLES ARE TYPICAL
FOR ALL SHAFT CONFIGURATIONS.

B

SHEET 4 OF ,

DWQ NU"BER

TRI-46-2

LOWER SEAL SECTION

~QSJTE LAYOUT
SCALE: '-.100'

CRUSHED WIPP SALT
(DRIFT BACKFILL), TYPICAL

(FOR DESCRIPTION OF MATERIAl SEE

NOTE @ ON DRAWING NUMBER TRI-46-5)

SHAFT SEALS
LOWER SEAL SECTION

f :=:

1
=

I

I
I

U

CHI( D L. PU.l,.. ... ,AM 1111.'1&"1

2

CRUSHED WIPP SALT (TAMPED),
TYPICAL

(FOR DESCRIPTION OF MATERIAL SEE

NOTE 8 ON DRAWING NUMBER TRI-46-5)

APPLICATION

NEXT ASSEMBLY

3

NO SCALE

DETAIL "A"

SNL APPROVALS

ORO DATE APPROVALS

~ )11./ •• 'd' 14-1

;'i" ,I J.J.r.'ri C;

"~'"
/I -ifl-8~ ~..;-.

, ,40 \1/""L%'8~ km,,-

4

60

I

40
I

SCALE IN FEET

5

o 20

boo-J

EXCAVATION TOLERANCE ±6" TYPICAL-
THE BOTTOM COMPONENTS OF THE LOWER SHAFT SEALS ARE
TO BE CONSTRUCTED AT THE 1955'·0" LEVEL FOR ALL SHAFTS

DEPTH MEASUREMENTS INDICATE NUMBER OF FEET BELOW
THE SURFACE, WHERE THE SURFACE EQUALS 0'-0" THE
SURFACE ELEVATION THAT IS USED AS THE REFERENCE IS
3,409'-0" (USGS 1927 NORTH AMERICAN DATUM)

ALL STRATIGRAPHIC FEATURES ARE REPRESENTED
ACCORDING TO DATA COMPILED FROM US DEPARTMENT OF
ENERGY, OCTOBER 1986, WIPP DESIGN VALIDATION FINAL
~,DOE-WIPp·OO-Q10,BECHTEL NATIONAL INC., SAN
FRANCISCO, CA

THE TOP COMPONENTS OF THE LOWER SHAFT SEALS ARE TO
BE CONSTAUCTEDAT A DEPTH NO LESS THAN 9'-10" BELOW
THE UPPER SHAFT SEAL SYSTEM

THE MIDDLE COMPONENTS OF THE LOWER SHAFT SEALS ARE
TO BE CONSTRUCTED JUST BELOW THE VACA TRISTE MARKER
BED

6

ALL SHAFT DRAWINGS REPRESENT EXCAVATED DIAMETERS
FOR BOTH EXISTING AND PLANNED CONSTRUCTION. THIS
PORTION OF THE SHAFT IS UNLINED

SHAFT DIAMETERS ARE REPRESENTED ACCORDING TO
INFORMATION OBTAINED FROM THE FOLLOWING DRAWING
SETS·
A WASTE SHAFT. US DOE/WIPP DRAWING 31-R-013-0ID

(BECHTEL, SAN FRANCISCO, CAl AND US DOE/WIPP
DRAWING 31·R-OC2·0ID (WESTINGHOUSE, CARLSBAD, NMI

B AlA INTAKE SHAFT, US DOE/WIPP DRAWING 33·R-(X)1-34A
(BECHTEL, SAN FRANCISCO, CAl AND US DOE/WIPP
DRAWING 33-R-029-34A (BECHTEL, SAN FRANCISCO, CAl

C EXHAUST SHAFT US DOE/WIPP DRAWING 35-R-OCl-0ID
(BECHTEL, SAN FRANCISCO, CAl AND US DOE/WIPP
DRAWING 35-R-002-0ID (BECHTEL, SAN FRANCISCO, CAl

D '"EXPLORATORY SHAFT. US DOE/WIPP DRAWING 37-R-010
(BECHTEL, SAN FRANCISCO, CAl AND US DOE/WIPP
DRAWING 37.R-012 (BECHTEL, SAN FRANCISCO, CAl

'EXPLORATORY SHAFT HAS SINCE BEEN CHANGED TO
CONSTRUCTION & SALT HANDLING SHAFT

78

B

A

Fi g, 6, Shaft Seals Lower Seal Section
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I

2 I
REVISIONS

DESCRIPTION T DATE I APPROVED

C& SH SHAFT WASTE SHAFT AIR INTAKE SHAFT EXHAUST SHAFT

SHAFT SEAL SUMMARY SHAFT SEAL SUMMARY SHAFT SEAL SUMMARY SHAFT SEAL SUMMARY

SEAL
SYSTEM MATERIAL

MAXIMUM
DIAMETER (It)

SEAllNTEAYAL
BELOW GROUND

SURFACE (It.)
SEAL

SYSTEM MATERIAL
MAXIMUM

DIAMETER (tl )

SEAL INTERVAL
BELOW GROUND

SURFACE (It I
SEAL

SYSTEM MATERIAL
MAXIMUM

DIAMETER (It )

SEAL INTERVAL
BELOW GROUND

SURFACE (tl)
SEAL

SYSTEM MATERIAL
MAXIMUM

DIAMETER (tl )

SEAL INTERVAL
BELOW GROUND

SURFACE (ft)

D
CAP. COLLAR
BACKFilL
AND PLUG TO BE SPECIFIED '" 00 - 629 0

CAP. COLLAR
BACKFilL
AND PLUG TO BE SPECIFIED 230 00-6230

CAP. COLLAR
BACKFilL
AND PlUG TO BE SPECIFIED '" 00 - 629 0

CAP, COLLAR
BACKFILL
ANC PLUG TO BE SPECIFIED 163 00·6310 D

WATER
BEARING
ZONE

CONCRETE (BCTIFF GAOUT) 316

CLAY BLOCKS 116

CONCRETE {BCT1FFGROUTj 31.6

6290·6618

6616 - 674 9

6749 7077

WATER
BEARING
ZONE

CONCRETE (BCTlff GROUT) 427

CLAY BLOCKS 23.0

CONCRETE (BCT1FF GROUT) 427

6230 ·6558

6556 6669

668 9 7017

WATER
BEARING
ZONE

CONCRETE (BCT1FF GROUT) 396

CLAY BLOCKS 199

CONCRETE (BCTl FF GROUT) 396

6290 6618

6618 6749

67497077

WATER
BEARING
ZONE

CONCRETE (BCT1FF GROUT) 360

CLAY BLOCKS 163

CONCRETE (BCTl FF GROUT) 360

6310 6639

663 9 677 1

67717099

CLAY BLOCKS 15 0

CONCRETE (BCT1FF GROUT) 316

CONCRETE (BCT!FF GROUT) 316

CONCRETE (BCT 1F GROUT) 31 6

75787709

72507578

8496 6893

8168

709 9 7250

B89 3 9?? 1

7709 8037

'63CLAY BLOCKS

TO BE SPECIFIED

CONCRETE (BCT 1FF GROUT)

CLAY BLOCKS 210

CONCRETE (BCT1FF GROUT) 407

CLAY BLOCKS

CONCRETE (BCT 1FF GROUT) 360

CONCRETE (BCTl F GROUTl 34 7

UPPER
SHAFT

SHAFT
BACKFILL

81688496

75787709

77507578

70777250

888 8 9216

7709 8037

6496·8888

8037 8168

'99

'"

TO BE SPECIFIED

CLAY BLOCI\S

CONCRETE (BCTIF GROUT) 400

CLAY BLOCKS 256

CONCRETE (BCTIFFGROUT) 396

CLAY BLOCKS

CONCRETE (BCTl FF GROUT) 453

CONCRETE (BCTl FF GROUT) 396

UPPER
SHAFT

SHAFT
BACKFILL

7967 8098

70177180

8098 ·842 6

763 9 796 7

750 8 763 9

B85 7·9185

71807508

8426· B85 7

'30

230

no

TO BE SPECIFIED

CONCRETE (BCTI FF GROUT)

CLAY BLOCKS

CONCRETE (BCT1FF GROUT)

CLAY BLOCKS

CONCRETE (BCT1FF GROUT) 472

CLAY BLOCKS 27 5

CONCRETE (BCTl F GROUT) 397

SHAFT
BACKFilL

UPPER
SHAFT

6168 8496

8037 8168

7;'507578

8627·8955

8496 8627

7709 8037

75787109

70777250

'"

'"

'"

CLAY BLOCKS

CLAY BLOCKS

TO BE SPECIFIED

CONCRETE (BCT1FF GROUT) 347

SHAFT
BACKFILL

UPPER
SHAFT-

SHAFT
BACKFILL CRUSHED WIPP SALT '" 895.5 9055

SHAFT
BACKFILL CRUSHED WIPP SALT '00 9185-9;?77

SHAFT
BACKFILL CRUSHED WIPP SALT 20.2 921G

SHAFT
BACKFILL

150
CRUSHED WIPP SALT

92219319

CONCRETE (SCT1F GROUT)

CLAY BLOCKS
'"
'"

9055 9383

9383 951"

CONCRETE (BCTl F GROUT)

CLAY BLOCKS

397

200

9277·9605

9605 ·9736

CONCRETE (Bcn F GROUT)

CLAY BLOCKS

<00

202

93149fi4?

9774

CONCRETE (BCT1F GROUT)

CLAY BLOCKS '50

9319·9647

964 1 9779

CRUSHED WIPP SALT (T AMPED) 11 8

CRUSHED WIPP SALT (TAMPED) 118

CRUSHED WIPP SALT (TAMPED) 118

CONCRETE (BCTlF GROUT)

CRUSHED WIPP SALT (TAMPED) 200

c
977 9 9943

994 3 10074

1399914163

13540·

1040213540

1386 8 1399 9

10074 10402

050

'50

347

347

CRUSHED WIPP SALT (TAMPEDI 150

CLAY BLOCKS

CRUSHED WIPP SALT (TAMPED) I:' 0

CONCRETE (BCT 1F GROUT)

CRUSHED WIPP SAL T (TAMPED) 150

CONCRETE (BCTIF GROUT)

CLAY BLOCKS
LOWER
SHAFT

10069 10397

9938 10069

977 4 9938

1039713490

13818 1395 2

13490

1:19521411b

202

207

CRUSHED WIPP SALT (TAMPEDI 20;:

CONCRETE (BCT1F GROUTI

CRUSHED WIPP SALT (TAMPED) 202

CLAY BLOCKS

ClAY BLOCKS

CONCRETE (BCTl F GROUT)

CRUSHED WIPP SALT (TAMPED) 202
LOWER
SHAFT

9736 990 0

990 U 10031

13B8.8 14019

10359 13560

1003 1 ~1]35 9

135G 0 1368 8

1401914183

200

397

200

CLAY BLOCKS

CONCRETE (BCT1F GROUT)

CRUSHED WIPP SALT (TAMPED) 200

CONCRETE (BCT1F GROUT)

CLAY BLOCKS

CRUSHED WIPP SALT (TAMPED) 200
LOWER
SHAFT

9676·9809

9514 967.8

1349013818

1381813952

9809 10137

13952

10137 13490

118

3' ,

'"

CLAY BLOCKS

CONCRETE (BCTl F GROUT)

CLAY BLOCKS
LOWER
SHAFT

c

CRUSHED WIPP SALT (TAMPED) 200 CRUSHED WIPP SALT (TAMPEDI 150

-

CLAY BLOCKS

CONCRETE (BCT 1F GROUT)

CRUSHED WIPP SALT (TAMPEDI

CONCRETE (BCT 1F GROUT)

CLAY BLOCKS

316

'"
'"

14116·14247

14575

14575 1955v

19550 19878

1~76 20009

CLAY BLOCKS

CONCRETE (BCT1F GROUT)

CONCRETE IBCTl F GROUT)

CLAY BLOCKS

200

397

397

200

1418314314

14314 1464 2

19550

1955019878

19878 20009

CLAY BLOCKS

CONCRETE (BCT1F GROUT)

CRUSHED WIPP SALT (TAMPED)

CONCRETE (BCTIF GROUT)

CLAY BLOCKS

202

400

400

202

14115

14247

1457519550

19550

1987820009

CLAY BLOCKS

CONCRETE (BCTIF GROUT)

CONCRETE (BCT1F GROUT)

CLAY BLOCKS

.147

347

'50

14163

14622

14622·19550

19550·19878

19878 2QC)Q9

I-

SURFACE 00

MAJOR LEVel BELOW
FEATURES SURFACe. (It )

CRUSHED WIPP SALT (TAMPED) 118

EXISTING SHAFT DATA B

A WASTE SHAFT. US DOE/WIPP DRAWING 31-R-Q13-0ID
(BECHTEL, SAN FRANCISCO, CAl AND US OOE/WIPP
DRAWING 31·R-ClO2-0ID (WESTINGHOUSE, CARLSBAD, NM)

B AIR INTAKE SHAFT. US DOE/WIPP DRAWING 33·R--0O1-34A
(BECHTEL, SAN FRANCISCO, CAl AND US DOEjWlPP
DRAWING 33-R-Q29-34A (BECHTEL. SAN FRANCISCO, CAl

C EXHAUST SHAFT. US OOEfWlPP DRAWING 35-R--0O1-0ID
(BECHTEL, SAN FRANCISCO, CAl AND US OOE/WIPP
DRAWING 35·R-ClO2-0ID (BECHTEL. SAN FRANCISCO. CAl

D -EXPLORATORY SHAFT. US DOE/WIPP DRAWING 37-R-D10
(BECHTEL, SAN FRANCISCO, CAl AND US DOEjWlPP
DRAWING 37-R-Q12 (BECHTEL, SAN FRANCISCO. CAl

ALL STRATIGRAPHIC FEATURES ARE REPRESENTED
ACCORDING TO DATA COMPILED FROM US. DEPARTMENT OF
ENERGY, OCTOBER 1986, WI?? DESIGN VALIDATION FINAL
REPORT, DOE-WIPP-86-010. BECHTEL NATIONAL INC, SAN
FRANCISCO. CA

-EXPLORATORY SHAFT HAS SINCE BEEN CHANGED TO
CONSTRUCTION & SALT HANDLING SHAFT

00ill

TABLES THAT PRESENT EXISTING SHAFT DATA ARE
GENERATED ACCORDING TO INFORMATION OBTAINED FROM
THE FOLLOWING DRAWING SETS

'63

"0

"3

N:A

>so

260

'50

2017320305

2000 9 20173

20633 21570

20305 2063 3

ORIGINAL
EXCAVATION
DIAMETER (ft )

'50

050

7140

6030

6;>70

6510

7360

B440

21470

21570

EXISTING SHAFT DATA

CRUSHED WIPP SALT (TAMPED) 150

CONCRETE (BCT1F GROUT)

CLAY BLOCKS

CRUSHED WIPP SALT

BOTTOM OF COLLAR

TOP OF MAGENTA

BOTTOM OF MAGENTA

TOP OF CULEBRA

BOTTOM OF CULEBRA

10" Of- VACA TRISlt

BOTTOM OF VACA TRISTE

TOP OF STATION

TOP OF KEY

RUSTLER SALADO CONTACT

BOTTOM OF KEy

STATION

SURFACE 00

MAJOR LEVEL BELOW
FEATURES SURFACE (It)

DRIFT
BACKFILL

'99

199

'"
'99

20'

202

"9

256

N A

202

'"

2063 3 21500

2000920173

:!030 5 2U6J J

:!01?3

ORTGINAI
EXCAVATION
DIAMETER {~I

202

707

5920

7390

7100

6270

8510

9065

13480

13490

71500

21350

EXISTING SHAFT DATA

CRUSHED WIPP SAL T

CRUSHI:D WIPP SALT (TAMPED) 202

CLAY BLOCKS

CONCRETE (BCTl F GROUT)

MAJOR LEVEL BELOW
FEATURES SURFACE (11)

I;:lOTTOM OF CULEBRA

TOP OF KEY

lOP Of-- MA.GtNTA

BOTTOM OF MAGENTA

TOP OF CULEBRA

RUSTLER SALADO CONTACT

BOTTOM OF KEY

TOP or VACA TRISTE

BOTTOM OF VACA TRTSTE

TOP OF STATION

STATION

BOTTOM OF COLLAR 160

SURFACE 00

DRIFT
BACKFILL

no

23.0

200

230

'<0

2'5

230

200

230

no

N.A

230

''0

20305

2000 9 2017,3

2063 3 2286 0

ORIGINAl
EXCAVATION
DIAMETER (It )

397

6200

7050

5970

B440

9020

13490

13560

2:?860

2160 0

21600

EXISTING SHAFT DATA

CRUSHED WIPP SAL T (T AMPED) 200

CONCRETE (BCTl F GROUT)

CLAY BLOCKS

CRUSHED WIP_P-,-SA-=L_T -='-'-,0,---__

MAJOR LEVEL BELOW
FEATURES SURFACE (It)

SURFACE 00

BOTTOM OF COLLAR 210

TOP OF MAGENTA

BOTTOM OF MAGENTA

TOP Of- CULEBRA

BOTTOM OF CULEBRA

TOP OF KEY

RUSIU:R "SALADO CONTACT

sonOM OF KEY

TOP OF VACA TRISTE

BOTTOM OF VACA TRISTE

TOP OF STATION

STATION

TOP Of- SUMP

BOTTOM OF SUMP

DRIFT
BACKFILL

,"

'82

N/A

,,'

"8

'"

'"
'"

",

'"
NiA

20009-20173

2030 5 ?06J 3

2017320305

2063 3 22720

ORIGINAL
EXCAVATION

DIAMETER (It )

'"

'"
'"

6270

8510

5920

7390

8000

13480

13490

21410

?16?0

22720

21620

CLAY BLOCKS

CRUSHED WIPP SALT

CONCRETE (BCT1F GROUT)

BOTTOM OF MAGENTA

BonOM OF COLLAR

TOP OF MAGENTA

TOP m CULI:BRA

BOTTOM OF CULEBRA

TOPOFKEY

STATION

RUSTLER SALADO CONTACT

BOTTOI.1 OF KEY

TOP OF VACA TRISTE

TOP OF SUMP

BOTTOM OF VACA TRISTE

TOP OF STATION

BOTTOM OF SUMP

DRIFT
BACKFILL

B

-

~ Sandia National laboratoriesA

8 I 7 I 6 5 I 4

SNL APPROVALS

ORG DATE APPROVALS

NEXT ASSEMBLY

APPLICATION

3 I 2
SCALE

I

NUM6ER

TRI-46-2
SHEET ~ OF ~

A

Fi g. 7. Shaft Seals Relevant
Information
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I- ";iii!!!..
I

o

c

B

-

-

SHEET 1 OF 2
I

Dwa NUMBER

TRI-46-3

I
SCALE 1-. 300'

2I
APPLICATION

NEXT ASSEMBLY

3

SNL APPROVALS

ORG DATE APPROVALS

4

PANE L 3 PANEL 4 DRIFT DIMENSIONS AT
PROPOSED SEAL LOCATIONS

~""""~'0.~ ~"""'''''~t=1 ~~=1 SEAL NOMINAL NOMINAL *SECTION
NUMBER WIDTH (h) HEIGHT (h) TYPE

~>O""~ H E300-l
"

12 C-C
E300-2 I. 12 C-C

~~j ~~~1
E300-3

"
12 C-C

E140-1 1. 18 8-8
E1402 25 12 A-A

S'.."""'0~ ~"''''''''''~ E140-3 25 12 A-A
E14Q·4 25 12 A-A

r='~~ l%'~i
DRIFT
SEALS EO-t 25 12 A-A

P2 2 P3 I !3 2 P. I P. 2 W30-1 20 12 0-0
E300 3 W30-2

"
12 CC

U'i3 = '>.""'l' ~~ ~~==~ W30-3
"

12 CC

Fl40-4 ~ f:J ti ,] W110·1
"

12 CC
Wl10·2

"
12 CC!, ~ ~ ~

WHO·3
"

12 CC
W303 'i --------

~~~cr+==~==~

W1703" ~ 1: Q~
Pl·,

"
12 CC

=~~a+== ~cr=
P'-2 20 12 DOen t:~~ee, ~::::,:~l' """ BLOCK 1 P2-1

"
12 e-c

P2-2 20 12 DO

P3·1
"

12 CC
P3·2 20 12 DO

~~ t~~""~: P4·1 1. 12 CC
PANEL P4-2 20 12 00F'1 ~~='0~ SEALS

P5-1
" 12 c-c

~~ ~w~~w~
P5-2 20 12 DO

P6-1
" "

~"~i r4 P6-2 20 12

P7-1
"

12 ec

~~,,~ ~""""~ P7-? 20 12 DO

&"""'-""""~ ~'S'S"""'~ PB·' 1. 12 CC
PB<J 20 12 DO

PANEL 6 PANEL 5

* nFFFR TO TRI-46-3, 2 OF 2 FOR SECTION DETAILS

I

P7·1

5

DRIFT BLOCK 1 CONSISTS OF THE INTERSECTING DRiFTS
BOUNDED BY THF FOLLOWING SEALS P3·1, P3-2, P4.1, P4-2,
P5·2 P5-1, P6-2. P6-1, W170-3, W30-3, E140-4, AND E3OO-3

DRIF- T BLOCK 2 CONSISTS OF THE INTERSECTING DRIFTS
BOUNDED BYTHE FOLLOWING SEALS Pl-1, P1-2, P2-1, P2-2,
P7-2, Pl-1, PB-2, P8-1, W170-2, W30-2, E140-3, AND E3OO·2

IN EACH WASTE DISPOSAL AREA, WASTE EMPLACEMENT,
BACKFILLING, AND SEALING WILL BE COMPLETED BEFORE
PROCEEDING WITH THOSE OPERATIONS IN THE NEXT AREA
THE WASTE DISPOSAL AREAS ARE PANELS 1 THROUGH 8, DRIFT
BLOCK 1, AND DRIFT BLOCK 2 PANEL 1 WILL BE THE FIRST
AREA TO BE COMPLETED, FOLLOWED BY PANEL 2, AND
CONTINUING IN NUMERICAL SEQUENCE THROUGH PANEL 8
AFTER THE EIGHT PANELS ARE FINISHED, THE DRIFr ALOCKS
WILL BE COMPLETED: FIRST BLOCK 1 FOLLOWED BY BLOCK 2

THE SEALS WILL BE CONSTRUCTED BETWEEN EACH WASTE
DISPOSAL AREA AND OPEN ACCESS DRIFrS FOR EXAMPLE,
SEALS Pt-, AND P1-2 WILL BE BUILT FOLLOWING WASTE
EMPLACEMENT AND BACKFILLING IN PANEL 1, AND SEALS
E300-3, E14Q-4, W30-3, AND W17Q·3 WILL BE BUILT FOLLOWING
WASTE EMPLACEMENT AND BACKFILLING IN DRIFT BLOCK 1

WASTE DISPOSAL AREAS

EXISTING EXCAVATION

PLANNED EXCAVATION

DRIFT SEALS

~EGEND

0 300 600 900

~
! !

SCALE IN FEET

7 I 6 I

a:
w
ll.
X
W

...J

'"I-Z
W
::;

'"w
a:

'"

I

= Q]=
[ PANEL 1
[ "-'"
[

0 1

''''
[

I~! ""

8

B

o

A

-

-

Fig. 8.
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D
Ii'

25'-0"

il;

D

31'.9"

c

fillD'S

MACHINE-FOAMED BLOCKS OF CRUSHED SALT WILL BE SET IN
THE UPPER PORTION OF THE DRIFT WHERE
WORKING CLEARANCE IS INSUFFICIENT TO ALLOW FURTHER
TAMPING

'~CONCRETE,TYPICAL
(FOR DESCRIPTION OF MATERIAL SEE

NOTE @ ON DRAWING NUMBER TRI-46-5)
--(

. -.i(

"--~_-....J/-l
'-31'·9"

PC 12'-0"

0:], ~..i ", ... , ,.: "', .~'·.r··' ,i

'7c, " "'•.~ ~~., .. i .. •· ,"<
_'1',,·;°.• ;,.. ·, ,,1;,1 .',: ,.:.:-

"', ELEVATION ., .

t;c F~-33'-9"

I

PRECONSOLIDATED SALT, TYPICAL

(FOR Dc.SCRIPIIQN or MATERIAL SEE

NOTE e ON DRAWING NUMBER TRIA6-5)

I> A 12'.0"

u:2J.....~~~
" ~~

'" ELEVATION
I>... r-- ----'-44'-9"
L,I A : ,,' ,

l2]
.,':'~-;~-~~'-->~ ~'
. I,·:," I

, '"':
c::'<~ ".. """" '>'~:--l

,I,

c

SECTION A-A SECTION C-C

A

8

SIZE DWO NUMBER

D TRI-46-3
SHEET 2 OF 2

2

DETAIL "A"

NO SCALE

\ EXCAVATION TOLERANCE ±6" TYPICAL

SALT BLOCKS~,'.,,~

TAMPED SALTL-J

DETAIL "s"
PRECONSOLIDATED SALT, TYPICAL

ALL DRIFTS' AND PANEL SEALS
(St.t. NOlL 1,)

APPLICATION

NEXT ASSEMBLY

3

'LCRUSHED WIPP SALT (DRIFT
BACKFILL ), TYPICAL

(fOR DESCRIPTION OF MATERIAL SEE

NOTE @ ON DRAWING NUMBER TAI-46-S)

SNL APPROVALS

ORG DATE APPROVALS ~ Sandia National Laboratories

P:C.:.-t~7-p=~=r-- ~DR~W~D~U~MA~S~/5::;.C.!!.N~OR'.!.:TH'!!.R:E!.OP~ TITLE DR IFT AND PANEL SEALS
J;__ CHK ~c '"CC""',/",", PLAN, ELEVATION

ENG I< JoNH /I,'''',~'1 AND SECTION
APVD~:O 'Ji.,jt

4

}--

60

!

SEE DETAIL "A"r

40
!

SCALE IN FEET

5

o 20

b--J

6

CRUSHED WIPP SALT (DRIFT
BACKFILL), TYPICAL

UOR DESCRIPTION OF MATERIAL SEE r\
NQTF @ ON QRAWINGNUMBERTRI-46-S) ~ W 0 SEE DETAIL"B" r--12 1-0"

teJ" " ", '. III I>~c-'~
'V -~~~ ....

I" , ~ ,,' -'-,
, , II , Q

'ELEVATION II'

~ D '- '~~-j--39'.9"

!
* NOTE'

THESE DIMENSIONS AND ANGLES ARE TYPICAL
FOR ALL DRIFT CONFIGURATIONS.

7

-1-- 37 '-9"

)-----(.
I", I
1,° I

I

J-- .:--

II'

ELEVATION

'--- "-T 33 '.9"

II I
:/.

t)s

8

8

A

Fi g. 9. Drift and Panel Seals Plan,
Elevation and Section
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o o

C

CONCRETE---~~

CONCRETE--~4

••~_------ CONCRETE ----

,\-------- CONCRETE --------~_\- CONCRETE--

1-------------- CON CRET E

C

B

INTERLOCK DOUBLE INTERLOCK

OPPOSED

TRUNCATED CONES

OPPOSED

INTERLOCK

B

NOTES

NUMERICAL ANALYSES OF MECHANICAL AND FLOW
PERFORMANCE WILL BE USED TO SELECT THE SHAPE BEST
SUITED FOR A CONCRETE SEAL DURING CONCEPTUAL DESIGN
CURRENT DRAWINGS OF THE SEAL CONCEPTS INCORPORATE
THE "INTERLOCK" SHAPE.

2 ALL SEAL DIMENSIONS ARE SUBJECT TO CHANGE PENDING
FURTHER TEST RESULTS AND ANALYSIS

A

8 7 6

o 20 40

600tcJ: !

SCALE IN FEET

5

60

!

4

1"3" ",';;'l. Ri't

:'1./ 1/'21'1.f

(,}4(,- {(-If -t"~

~3q~ "/l8(69

3

NEXT ASSEMBLY

APPLICATION

2

ALTERNATIVE CONCRETE
COMPONENT
GENERAL SHAPES

SIZE OWG NUMBER

o TRI-46-4
SHEET 1 OF 1

Fig. 10. Alternative Concrete Component
General Shapes
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THE BCT -1 ~ SALT-SATURATED GROUT FOR THIS REFERENCE
CONCRETE FORMULAliON WAS DEVELOPED SPECiFICALLY FOR
WIPPAPPlICATIONS IN THE SALADO FORMATION (GULICK, BOA,
AND BUCK, 1980: GULICK AND WAKEL~Y, IN FINAL PREPARATION),
THE BCT·1F GROUT IS PREPARED ACCORDING TO THE FOLLOWING
FORMULATION

FINE LOCAL (CARLSBAC', NM) AGGREGATE 35 WT%
COARSE LOCAL (CARLSBAD, NM) AGGREGATE 35 WT%
BCT·1F SALT-SATURATED GROUT 30 WT%

SPECIFICATIONS OF BULK MATERIAL PROPERTIES FOR THIS
REFERENCE CONCRETE AFTER CURING (28 DAYS) (GULICK AND
WAKELEY, IN FINAL PREPARATION) ARE

c

D

B

-

-

SHEET 1 OF 1

DATE I APPROVED

TRI-46-5

I

I
REVISIONS

DESCRIPTION

SCALE

2

2

PUSCH, R., 1977, REQUIREp PHySICAL AND MECHANICAL PROPERTIES OF
BtlFFER MASSES, KBS REPORT 03. KBS, STOCKHOLM, SWEDEN

NOWAK. E. J. AND J. C. STORMONT, 1987 SCOPING MODEl CAL CWATIONS OF
THE RECONSOIIQATION OF CRLJSHED SALT IN THE WIPP SHAFTS, SAND87--Q879
SANDIA NATIONAL LABORATORIES, ALBUQUERQUE. NM

POWERS, D. W, S J LAMBERT, S·E SHAFFER, L R. HILL W D, WEART. EDS. 1978
~LOGICALCHABACTERIZA.IlQMB.E.PQ..RT WASTE ISOlATION PILOT PLANT
CWlPPl SITE SOUTHEASTERN NEW MEXICO, VOl. 1. SAND 78·1596 SANDIA
NATIONAL LABORATORIES, ALBUQUERQUE, NM

HOLCOMB, 0 J, AND 0 W HANNUM. 1982 CONSOLIDATION OF CRUSHED SALT
BACKFILL UNDER CONDITIONS APpROPRIATE TO THE WIPP F:ACllITY
SAND82--0030 SANDIA NATIONAL LABORATORIES ALBUQUERQUE, NM

PUSCH, R, 198OA, WATER UPTAKE MIGRATION AND SWEU ING
~T.E.RJSI!CS...Qf~RATED AND SATURATED HIGHLY COMPACTED
~,K8SREPORT80-11. KBS. STOCKHOLM, SWEDEN

NUMBER

PUSCH, R, 19808, SWElliNG pRESSURE OF HIGHLY COMPACTED BENTONITE
KBS REPORT 80-13. KBS, STOCKHOLM, SWEDEN

PUSCH, R., L. BOAGESSON. A FREDERIKSON, r MARKSTROM, M ERLsmOM
G, RAMQVlST, M. GRAY, W. COONS, AND M. ONOFRE!. 1988 ROCK SEALING
ltillBlM REPORT ON THE ROCK SEALING PROJECT (STAGE 11 STRIPA PROJECT
~. SWEDISH NUCLEAR FUEl AND WASTE MANAGEMENT CO, STOCKHOLM
SWEDEN

ARGUELLO, J G, 1988. WIPP PANEL ENTRYWAY SEAL NUMERICAL SIMULATl,OO
QE.SEAL COMPOSITE INTERACTION FOR PRE I JMINARY SEAL~
EYAWb~, SAND87·2804 SANDIA NATIONAL LABORATORIES
AlBUQUERQUE, NM

WAKELEY, L D, D. M. WALLEY, AND A. 0 BUCK. 1986 DEYFI opMENT OF
EAE$HWATER GROOT SUBSEOUENT TO THE BEll. CAN'tON TESTS reeD
MISCELLANEOUS PAPER SL--a6-2 US ARMY ENGINEER WATERWAYS
EXPERIMENT STATION, VICKSBURG. M$

SA'NYEA,W,D"lI,ANDJ,J, K. DAEMEN, 1987. ~ALASSESSMENTOF
I!::fE..SEAIING PERFORMANCE OF BENTONITE BOREHOLE PLUGS
NUREG/CR--4995. PREPARED FOR us NUCLEAR REGULATORY COMMISSION
WASHINGTON, DC

BERTRAM HOWERY. S G , AND R l HUNTER, ms, 1969. pRELIMINARY PLAN FOR
C!.ISPOSAL.SYSTEM CHARACTERIZATION AND LONG.:IEBM1'ERFORMANCE
~TIQN OF THE WASTE ISOLATION. P.1LQI..fI.Attl, SAN089-D178 SANDIA
NATIONAL LABORATORIES, ALBUQUERQUE, NM

COONS. W, A BERGSTROM, P GNIRK, M. GRAY, B. KNECHT. R PUSCH
J STEADMAN. e, STILLBORG, M. TOKONAMI. AND M VAAJASAARI, 1987,~
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JACOBSON, A, AND R. PUSCH. 1977 ~N OE tiIGH.LEVEL RADIOACTIVE
WASTE PROD\JCTS IN BOREHOLES WITH BUFFER SUBSTANCE, K8S REPORT 03
KBS, STOCKHOLM, SWEDEN
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STORMONT, J. C" ED, 1986 pEYELOPMENTANp IMPLEMENTATION: TEST
SEB!ES.AQf_ THE SMALL·SCAI E SEAL PERFORMANCE TESTS. SAND85-2ro2
SANDIA NATIONAL LABORATORIES, ALBUQUERQUE. NM

STORMONT, J, C. AND C L HOWARD. 1986 DEVELOPMENT AND IMPLEMENTA
TION' TEST SERIES B OF THE SMAll.-SCAlE SEAL PERFORMANCE JESTS,
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STORMONT, J C. AND C L HOWARD. 1987~IMPLEMENTAlJQt-l~

ANp EARLy RESULTS: TEST SERIES C OF THE SMALL $CAl f Sf.&.
PERFORMANCE TESTS, SAND87-2203 SANDIA NATIONAL LABORATORIES
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QBJET BACKFILL

EMPLACE AND TAMP IN PLACE TO MEET DENSITY SPECIFICATION

EMPLACE TO MEET APPROXIMATE DENSITY SPECIFICATION

J:'ANEL.. D8lFT AND S.HAFT STATION SEALS

SPECIAL TECHNIQUES TO BE DEVELOPED AND SPECIFIED,
COMBINATIONS OF MATERIALS SUCH AS WET CRUSHED WIPP
SALT, BITUMEN, AND CEMENTITIOUS MATERIALS TO BE
CONSIDERED ALONG WITH EXISTING INFORMATION (E.G., PUSCH
ET AL, 1988): PRELIMINARY RESULTS TO BE AVAILABLE 12/91

EMPLACE AND TAMP IN PLACE TO MEET DENSITY SPECIFICATION

FILL ACCESS SPACE AT TOP OF DRIFT WITH CRUSHED SALT
BLOCKS TO MEET DENSITY SPECIFICATION

EMPLACE GROUT UNDER PRESSURE AT SEAL LOCATIONS

TECHNIQUES TO BE DEVELOPED AND SPECIFIED, DRAWING ON
EXISTING INFORMATION (E.G" PUSCH ET AL., 1988); PRELIMINARY
RESULTS TO BE AVAILABLE DURING CONCEPTUAL DESIGN

NEXT ASSEMBLY

PANEL DBJfT.AND S.HAFLSL~TlillLSl;Al$

EMPLACEMENT TECHNIQUES HAVE BEEN DEMONSTRATED IN
SMALL SCALE SEAL PERFORMANCE TEST SERIES B (STORMONT
AND HOWARD, 1986) WITH IN SITU EMPLACEMENTS IN 1 METER
DIAMETER HORIZONTAL BOREHOLES

EMPLACEMENT PROCEDURES AND TECHNIQUES HAVE BEEN
DEMONSTRATED IN THE' SMALL SCALE SEAL PERFORMANCE TEST SERIES A
B, AND C (STORMONT, 1986: STORMONT AND HOWARD, 1986, STORMONT '
AND HOWARD, 1987): SOME WILL BE FURTHER DEMONSTRATED ON A LARGE
SCALE IN SITU TESTS BEGINNING APPROXIMATELY 1/91 EMPLACEMENT
PROCEDURES AND TECHNIQUES HAVE BEEN IDENTIFIED IN OTHER
PROGRAMS (E.G" KELSALL ET AL, 1985A; KELSALL ET AL, 1985B)

STACK PREFORMED BLOCKS IN PLACE TO MEET DENSITY
SPECIFtCATION. DEMONSTRATED IN SMALL SCALE SEAL
PERFORMANCE TEST SERIES C (STORMONT AND HOWARD, 1987)

® GROUT

UPPER SHAFT SEALS

@ CONCRETE

SHAFT SEALS

EMPLACEMENT TECHNIQUES HAVE BEEN DEMONSTRATED IN
SMALL SCALE SEAL PERFORMANCE TEST SERIES A (STORMONT,
1986) WITH IN SITU EMPLACEMENTS IN 1 METER DIAMETER
VERTICAL BOREHOLES

o CRUSHED SALT

~NELQ!lJfLAND ;>HAFT STATIQN ~LS

@ SWELLING CLAY MATERIAL

SHAFT SEALS

© EMPLACEMENT PROCEDURES

I

I

5

5

I

I

EXCAVATION EQUIPMENT FOR SHAFT TBD

INITIAL BULK DENSITY: APPROXIMATELY 1,3 x 10J kg/m J

MORE DETAILED SPECIFICATIONS OF COMPOSITION, PARTICLE
SIZE DISTRIBUTION, WATER CONTENT, AND OTHER PARAMETERS
TO BE DEVELOPED DURING FY90 AND FY91 FOR USE IN THE
CONCEPTUAL DESIGN

MINED WIPP SALT MATERIAL TO PASS THROUGH 1/4-INCH MESH
SCREEN AND CONFORM TO THE PARTICl E SIZE DISTRIBUTION
GIVEN IN HOLCOMB AND HANNUM, 1982

FREE WATER CONTENT 3 WT%, TO ACCELERATE CONSOLIDATION
(HOLCOMB AND SHIELDS, 1987)

INITIAL RELATIVE DENSITY PRECONSOLIDATED TO 80% OF
INTACT WIPP HOST ROCK SAt T DENSITY (NOWAK AND STORMONT
1987: ARGUELLO, 1988)

INITIAL BULK DrNSITY 17 x 10'" kg/m3

MAXIMUM HYDRAULIC CONDUCTIVITY OF BULK MATERIAL TO
BRINE: 3 x 1Q'1l cm/s

MORE DETAILED SPECIFICATIONS OF COMPOSITION, PARTICLE
SIZE DISTRIBUTION, WATER CONTENT, AND OTHER PARAMETERS
TO BE DEVELOPED DURING FY90 AND FY91 FOR USE IN THE
CONCEPTUAL DESIGN

@ INTERBEDS NEAR LOWER SHAFT DRIFT AND PANEL SEALS

SPECIAL MATERIALS AND TECHNIQUES TO BE DEVELOPED AND
SPECIFIED; COMBINATIONS OF MATERIALS SUCH AS WET
CRUSHED WIPP SALT. BITUMEN, AND CEMENTITIOUS MATERIALS
TO BE CONSIDERED ALONG WITH EXISTING INFORMATION (E,G.,
PUSCH ET AL, 1988); PRELIMINARY RESULTS TO BE AVAILABLE
12/91

6

CRUSHED SALT

8 SEAL COMPONENTS IN ALL LOCATIONS

MINED WIPP SALT (FROM THE CREATION OF WIPP EXCAVATIONS)

@ DRIFT AND PANEL BAC.KFILL

MINED WIPP SALT (FROM THE CREA TlON OF WIPP EXCAVATIONS)

FREE WATER CONTENT: 0.5 TO 3,51NT%, TO ACCELERATE
CONSOLIDATION (HOLCOMB AND SHIELDS, 1987)

INITIAL RELATIVE DENSITY: APPROXIMATELY 60% OF INTACT WIPP
HOST ROCK SALT, OBTAINED BY EMPLACING INTO DRIFTS
WITHOUT TAMPING OR USING BLOCKS

GROUT

@ DISTURBED ROCK ZONES (DRZ> AROUND UPPER SHAFT SEALS

MATERIALS AND TECHNIQUES TO BE DEVELOPED AND SPECIFIED,
DRAWING ON EXISTING INFORMATION AND ONGOING
CHARACTERIZATION OF DRZ (E.G., PUSCH ET AL, 1988);
PRELIMINARY RESULTS TO BE AVAILABLE DURING CONCEPTUAL
DESIGN

6

CONCRETE EMPLACEMENT EQUIPMENT (EQUIPMENT TYPES
DESCRIBED IN STORMONT, 1986: STORMONT AND HOWARD, 1986)

GROUT EMPLACEMENT EQUIPMENT (SOME EQUIPMENT TYPES
ARE DESCRIBED IN PUSCH ET AL, 1988)

DRUM·TYPE MECHANICAL MINER FOR ADDITIONAL EXCAVATIONS
IN DRIFTS

COMPRESSED-AIR-DRIVEN MECHANICAL TAMPING EQUIPMENT
FOR CRUSHED SALT

@ CONVENTIONAL EQUIPMENT

TO BE SPECIFIED DJJRING CONCEPTUAL DESIGN

FRONT-END LOADER OR PNEUMATIC STOWING EOUIPMENT FOR
CRUSHED SALT EMPLACEMENT

® EQUIPMENT REQUIRED

® SPECIALTV EQUIPMENT

BLOCK MANUFACTURE EQUIPMENT FOR CRUSHED SALT AND
SWELLING CLAY MATERIAL; EXISTING EQUIPMENT MANUFACTURED BY
COMPACT SYSTEMS, ALBUOUEROUE, NM (GERSTLE AND JONES, 1986;
STORMONT AND HOWARD, 1987) REPRESENTS A PRELIMINARY
EQUIPMENT SPECIFICATION~ADDITIONAL EVALUATION OF BLOCK
MANUFACTURE EQUIPMENT TO BE CARRIED OUT TO ASSURE
ADEQUATE PRODUCTION RATE CAPABILITY AND COMPATIBILITY WITH
FINAL SPECIFICATIONS FOR BLOCKS

I

I

31 MPa
21 x 104 MPa
0.20
0.09

2 x 10 10 cm/s

69 MPa
33 x 103 MPa
0.17

003

2 X 10 10 cm/s

53,1 I,.VP/"
181 WT%
6,5WT%
068 Wl%
002 WT"IO

21.61NT%

48.31NT%
16.2WT%
57WT%
7.9WT%
0,78 WT%
002WT%

2~,1 WT%

7

7

I

I

CLASS H CEMENT
CLASS C FLY ASH
CAL SEAL (PLASTER)
DISPERSANT
DEFOAMER
WATER

CLASS H CEMENT
CLASS C FLY ASH
CAL SEAL (PLASTER)
SODIUM CHLORIDF
DISPERSANT
DEFOAMER
WATER

UNCONFINED COMPRESSIVE STRENGTH
STATIC MODULUS OF ELASTICITY
POiSSONS RATIO
RESTRAINED EXPANSION
MAXIMUM HYDRAULIC CONDUCTIVITY

OF BULK MATERIAL TO BRINE

UNCONFINED COMPRESSIVE STRENGTH
STATIC MODULUS OF ELASTIClrf
POISSONS RATIO
RESTRAINED EXPANSION
MAXIMUM HYDRAULIC CONDUCTIVITY

OF BULK MATERIAL TO BRINE

QUANTITATIVE SPECIFICATIONS FOR EMPLACED CLAY MATERIAL
(EG, DENSITY, COMPOSITION, MECHANICAL PROPERTIES) TO BE
PROVIDED FOR CONCEPTUAL DESIGN (SEE JACOBSON AND
PUSCH, 1977; PUSCH, 1977; PUSCH, 1980A; PUSCH, 1980B SAWYER
AND DAEMEN, 1987; AND COONS. ET AL, 1987 FOR BACKGROUND
ON THE PROPERTIES AND USES OF BENTONITE FOR SEALING)

!'lQI!;. THE DEVELOPMENT OF CONCRETE FORMULATIONS WILL
CONTINUE IN ORDER TO MEET EVOLVING CHEMICAL STABILITY.
COMPATIBILITY, AND OTHER PERFORMANCE CRITERIA; NEXT
GENERATION FORMULATiONS WILL BE CHOSEN DURING CONCEPTUAL
DESIGN (S, G, BERTRAM-HOWERY AND R.l. HUNTER, 1989)

CONCRETE

e LOWER SHAFT DRIFT PANEL AND UPPER SHAFT SEAL COMPONENTS
IN THE SALADO FORMATION

THE REFERENCE CONCRETE FORMULATION FOR LOWER SHAFT,
DRIFT, AND PANEL SEALS 1$ AS FOLLOWS (GULICK AND WAKELEY
IN FINAL PREPARATION)

SPECIFICATIONS OF BULK MATERIAL PROPERTIES FOR THE
REFERENCE CONCRETE AFTER CURING (28 DAYS) (GULICK AND
WAKELEY, IN FINAL PREPARATION) ARE TO BE

@ ~R 2-HAFT SEAL COMPONENTS IN THE RUSTLER FORMATION AND
WATER-BEARING-ZONE SEAL COMPONENTS

THE REFERENCE CONCRETE FORMULATION FOR UPPER SHAFT
AND WATER-BEARING ZONE SEALS IS AS FOLLOWS (GULICK AND
WAKELEY, IN FINAl. PREPARATION)

FINE LOCAL (CARLSBAD, NM) AGGREGATE 35 WT%
COARSE LOCAL (CARLSBAD, NM) AGGREGATE 35 WT%
BCT-1FFGROUT 30WT%

THE BCT-1FF GROUT FOR THIS REFERENCE CONCRETE
FORMULATION WAS DEVELOPED SPECIFICALLY FOR WIPP
,b,PPLICATIONS ABOVE AND BELOW THE BEDDED SALT (GULICK,
BOA, AND BUCK, 1980: WAKELEY, WALLEY. AND BUCK, 1986:
GULICK AND WAKELEY, IN FINAL PREPARATION); THE BCT-1FF
GROUT IS PREPARED ACCORDING TO THE FOLLOWING
FORMULATION

SWELLING CLAY

@ ALL LOCATIONS

THE REFERENCE SWELLING CLAY MATERIAL IS WYOMING (Na
RICH) BENTONITE (CONTAINING SMECTITES) (SEE COONS ET AL,
1987: AND SAWYER AND DAEMEN, 1987 FOR SUMMARY
DESCRIPTIONS)

INITIAL DENS!TY TAILORED TO CONTROL THE DESIRED SWELLING
PRESSURE AT EACH SEAL COMPONENT LOCATION (PUSCH, 1980A;
PUSCH, 198OB) (SEE COONS ET AL, 1987 FOR SUMMARY OF
GENERAL SWELLING PRESSURE PROPERTIES)

MAXIMUM HYDRAULIC CONDUCTIVITY OF BULK MATERIAL TO
BRINE: 1 x 10. 10 cm/s

8

8
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B

D

A

c

-

-

-

Fig. 11. Table of Specifications
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