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Executive Summary

Scope. Under contract to Westinghouse Electric Corporation (Westinghouse), Waste
Isolation Division (WID), IT Corporation has prepared a detailed design of a panel-closure
system for the Waste Isolation Pilot Plant (WIPP). Preparation of this detailed design of an
operational-phase closure system is required to support a Resource Conservation and
Recovery Act (RCRA) Part B permit application and a no-migration variance petition. This
report describes the detailed design for a panel-closure system specific to the WIPP site. The
recommended panel-closure system will adequately isolate the waste-emplacement panels for . - -

'

at least 35 years. Sy
Purpose. This report provides detailed design and material engineering specifications for *. '} -
the construction, emplacement, and interface-grouting associated with a panel-closure system
at the WIPP repository, which would ensure that an effective panel-closure system is in place

for at least 35 years. The panel-closure system provides assurance that the limit for the
migration of volatile organic compounds (VOC) will be met at the point of compliance, the
WIPP site boundary. This assurance is obtained through the inherent flexibility of the panel-
closure system. The panel-closure system will be located in the air-intake and air-exhaust

drifts (Figure ES-1). The system components have been designed to maintain their intended
functional requirements under loads generated from salt creep, internal pressure, and a

postulated methane explosion. The design complies with regulatory requirements for a panel-
closure system promulgated by RCRA and the Mine Health and Safety Administration

(MSHA). The design uses common construction practices according to existing standards.

Background. The engineering design considers a range of expected subsurface conditions
at the location of a panel-closure system. The geology is predominantly halite with
interbedded anhydrite at the repository horizon. During the operational period, the panel-
closure system would be subject to creep from the surrounding host rock that contains trace

amounts of brine.

During the conceptual design stage, two air-flow models were evaluated: (1) unrestricted
flow and (2) restricted flow through the panel-closure system. The "unrestricted” air flow
model] is defined as a model in which the gas pressure that develops is at or very near
atmospheric pressure such that there exists no back pressure in the disposal areas. Flow is
unrestricted in this model. The "restricted" air flow model is defined as a model in which the
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back pressure in the waste emplacement panels develops due to the restriction of flow through
the barrier, and the surrounding disturbed rock zone. The analysis was based on an assumed
gas generation rate of 8,200 moles per panel per year (0.1 moles per drum per year) due to
microbial degradation, an expected volumetric closure rate of 28,000 cubic feet (800 cubic
meters) per year due to salt creep, the expected headspace concentration for a series of nine
VOCs, and the expected air dispersion from the exhaust shaft to the WIPP site boundary.

The analysis indicated that the panel-closure system would limit the concentration of each
VOC at the WIPP site boundary to a small fraction of the health-based exposure limits during
the operational period.

Alternate Designs. Various options were evaluated considering active systems, passive
systems, and composite systems. Consideration of the aforementioned factors led to the
selection of a passive panel-closure system consisting of: (1) a standard concrete barrier,
rectangular in shape, or (2) an enlarged tapered concrete barrier. Options (1) and (2) will be
grouted at the interface and may contain an explosion-isolation wall or a construction-
isolation wall. This system provides flexibility for a range of ground conditions likely to be
encountered in the underground repository. No other special requirements for engineered
components beyond the normal requirements for fire suppression and methane explosion or
deflagration containment exist for the panel-closure system during the operational period.

The panel-closure system design incorporates mitigative measures to address the treatment of
fractures and therefore minimizes the potential migration of contaminants. The design option
for mitigating fractures includes excavating the disturbed rock zone (DRZ) and emplacing an

enlarged concrete barrier.

To be effective, the excavation and installation of the panel-closure system must be completed
within a short time frame to minimize disturbance to the surrounding salt. A rigid concrete
barrier will promote interface stress buildup, as fractures are expected to heal with time. For
this purpose, the main concrete barrier would be tapered to reduce shear stress and to increase
compressive stress along the interface zone. If ground conditions are more favorable, the
design can be simplified to a standard concrete barrier with an explosion-isolation or
construction-isolation wall without DRZ removal.'

'DRZ removal is used in the context of the removal of fractured rock.
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Design Classification. Procedure WP 09-CN3023 (Westinghouse, 1995a) was used to
establish a design classification for the panel-closure system. It uses a decision-flow-logic
process to designate the panel-closure system as a Class IIIB structure. This is because
during the methane explosion the concrete barrier would not fail.

Design Evaluations. To investigate several key design issues, design evaluations were
performed. These design evaluations can be divided into those that satisfy (1) the operational
requirements of the system and (2) the structural and material requirements of the system.

The conclusions reached from the evaluations addressing the operational requirements are as
follows:

¢ Based on an air-flow model used to predict the mass flow rate of carbon
tetrachloride through the panel-closure system for the alternatives, the air-flow
analysis suggests that the fully enlarged barrier provides the highest protection
for restricting VOCs during the operational period of 35 years.

¢ Results of the Fast Lagrangian Analysis of Continua (FLLAC) analyses show that
the recommended enlarged configuration is a circular rib-segment excavated to
Clay G and under MB 139. Interface grouting would be performed at the upper
boundary of the concrete barrier.

¢ The results of the transverse plane-strain models show that higher stresses would
form in MB 139 following excavation, but that after installation of the panel-
closure system, the barrier confinement will result in an increase in barrier-
confining stress and a reduction in shear stress. The main concrete barrier
- would provide substantial uniform confining stresses as the barrier is subjected
g~ lo secondary salt creep.

N
; : lThe removal of the fractured salt prior to installation of the main concrete barrier
\—/g' would reduce the potential for flexure. The fracturing of MB 139 and the

" attendant fracturing of the floor could reduce structural load resistance (structural
stiffness), which could initially result in barrier flexure and shear. With the
removal of MB 139, the fractured salt stiffens the surrounding rock and results
in the development of more uniform compression.

s The trade-off study also showed that a panel-closure system with an enlarged

concrete barrier with the removal of the fractured salt roof and anhydrite in the
floor was found to be the most protective.

The conclusions reached from the design evaluations addressing the structural and material
requirements of the panel-closure system are as follows:
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» Existing information on the heat of hydration of the concrete supports placing
concrete with a low cement content to reduce the temperature rise associated
with hydration. Plasticizers might be used to achieve the required slump at the
required strength. A thermal analysis, coupled with a salt creep analysis,
suggests installation of the enlarged barrier at or below ambient temperatures to
adequately control hydration temperatures.

¢ In addition to installation at or below ambient temperatures, the concrete used in
the main barrier would exhibit the following:

— An 8 inch (0.2 meter) slump after 3 hours of intermittent mixing
— A less-than-25-degree Fahrenheit heat rise prior to installation

- An unconfined compressive strength of 4,000 pounds per square inch (ps1)
(28 megapascals [MPa]) after 28 days L

—  Volume stability . ! LA
oo i
—  Minimal entrained air.

o The trace amounts of brine from the salt at the repository horizon will not
degrade the main concrete barrier for at least 35 years.

¢ In 20 years, the open passage above the waste stack would be reduced in size.
Further, rooms with bulkheads at each end would be isolated in the panel. It is
unlikely that a long passage with an open geometry would exist; therefore, the
dynamic analysis considered a deflagration with a peak explosive pressure of
240 psi (1.7 MPa).

o The heat-transfer analysis shows that elevated temperatures would occur within
the salt and the explosion-isolation wall; however, the elevated temperatures will
be isolated by the panel-closure system. Temperature gradients will not
significantly affect the stability of the wall.

¢ The fractures in the roof and floor could be affected by expanding gas products
reaching pressures on the order of 240 psi (1.7 MPa). Because the peak internal
pressure from the deflagration is only one fifth of the pressure, fractures could
not propagate beyond the barrier.

A composite system is selected for the design with various components to provide flexibility.
These design options are described below.
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Design Options. Figure ES-2 illustrates the options developed to satisfy the requirements
for the panel-closure system. The basis for selecting an option depends on conditions at the
panel-closure system locations as would be documented by future subsurface investigations.

These design options provide flexibility in satisfying the design migration limit for the flow
of VOCs out of the waste-emplacement panel. An enlarged concrete barrier would be
selected for the air-intake and air-exhaust drifts that have fractured rock to eliminate
significant flow of VOCs. Several methods are available for detecting the location and extent
of fractures in the DRZ for optimum placement of an enlarged concrete barrier. These
detection methods include ground-penetrating radar (GPR) and inspection of observation
boreholes.

For future waste panels, GPR would be used to monitor fracture development. Radar surveys
would be conducted shortly after excavation to provide a baseline for comparison to future
radar surveys. GPR would be used periodically to monitor the development of brittle
deformation in the new air-intake and air-exhaust drifts of a panel. .

Observation boreholes would be drilled into the roof or floor of an excavation and would be
inspected for fractures and bed separation. Observations in the boreholes can be made with a

small video camera, or a simple scratch rod.

While no specific requirements exist for barricading inactive waste areas under the MSHA,
their intent is to safely isolate these abandoned areas from active workings using barricades of
"substantial construction.” A previous analysis (DOE, 1995) examined the issue of methane
gas generation from transuranic waste and the potential consequence in closed areas. The
principal concern is whether an explosive mixture of methane with an ignition source would
result in deflagration. If a methane explosion is considered possible, a concrete block wall of
sufficient thickness will be used to resist dynamic and salt creep loads. A construction
isolation wall will be used in the absence of explosive conditions.

It was shown (DOE, 1995) that an explosive atmosphere may exist after approximately

20 years. A panel-closure system with a closure life less than 20 years would not require an
explosion-isolation wall, because an explosive mixture could not accumulate. A construction-
isolation wall will suffice to provide isolation during construction of the main concrete

barrier.
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Design Components. The enlarged concrete barrier will be located at the optirnum
location in the air-intake and air-exhaust drifts following observation of subsurface conditions.
The enlarged concrete barrier will be composed of plain concrete with sufficient unconfined
compressive strength. The barrier will consist of a circular rib segment excavated into the
surrounding salt where the central portion of the barrier will extend just beyond Clay G and
MB 139. FLAC analyses showed that plain concrete will develop adequate confined
compressive strength.

The enlarged concrete barrier will be placed in four cells, with construction joints formed
perpendicular to the direction of potential air flow. The concrete will be placed through 6-
inch (15.2 centimeter) diameter steel pipes and will be vibrated from outside the formwork.
The formwork is designed to withstand the hydrostatic loads that would occur during
installation with minimal bracing onto exposed salt surfaces. This will be accomplished by a
series of steel plates that are stiffened by angle iron, with load reactions carried by spacer
rods. Some exterior bracing will be required when the concrete is poured into the first cell at
the location for the enlarged concrete barrier. All structural steel will be American Society of
Testing and Materials [grade] A36 in conformance with the latest standards specified by the
American Institute for Steel Construction. After concrete placement, the formwork will be
left in place and will stiffen the enlarged concrete barrier if nonuniform reactive loadings
should occur after panel closure.

After completion of the enlarged concrete barrier installation, it will be grouted through a
series of grout supply and air return lines that terminate in grout boxes. The boxes will be
mounted near the top of the barrter. The grout will be injected through one set of lines and

returned through a second set of air lines.

An explosion-isolation wall, constructed with concrete-blocks, will mitigate the effects of a
methane explosion. The explosion-isolation wall would consist of 3,500 psi (24 MPa)
concrete blocks mortared together with a bonding agent. The concrete-block wall design
complies with MSHA requirements, because it consists of noncombustible materials of
"substantial construction.” The concrete-block walls will be keyed into the salt. For the
WIPP, an explosion-isolation wall is designed to resist loading from salt creep.

AL/ 1-9S/WP/WIPR3S30 ES-8 762447.04.05.00.00 01/11/96 12:11pm



Lane—

The compliance of the detailed design was evaluated against the design requirements
established for the panel-closure system. The design complies with all aspects of the design
basis established for the panel-closure system.
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1.0 Introduction

The Waste Isolation Pilot Plant (WIPP), a U.S. Department of Energy (DOE) research facility
located near Carlsbad, New Mexico, was established to demonstrate the safe disposal of
defense-generated transuranic (TRU) waste. The WIPP repository is approximately 2,150 feet
(ft) (655 meters fm]) below the surface, in the Salado Formation. The WIPP facility consists
of a northern experimental area, a shaft-pillar area, and a waste-emplacement area.

One important aspect of future repository operations at the WIPP is the activities associated
with closure of waste-emplacement panels. Each panel consists of air-intake and air-exhaust
drifts, panel-access drifts, and seven rooms (Figure 1-1). After completion of waste-
emplacement activities, each panel will be closed, while waste emplacement may be occurring
in the other panel(s). The closure of individual panels during the operational period will be
conducted in compliance with project-specific health, safety, and environmental performance

criteria. /

1.1 Scope '( L
This report provides information on the detailed design and material engineering o
specifications for the construction, installation, and interface grouting associated with a panel- o
closure system for a minimum operational period of 35 years. The panel-closure system
design provides assurance that the limit for the migration of volatile organic compounds
(VOC) will be met at the point of compliance, the WIPP site boundary. This assurance is
obtained through the inherent flexibility of the panel closure system. The panel-closure
system will be located in the air-intake and air-exhaust drifts to each panel (Figure 1-1). The
panel-closure system design maintains its intended functional requirements under loads
generated from salt creep, internal panel pressure, and a postulated methane explosion. The
design complies with regulatory requirements for a panel-closure system promulgated by the
Resource Conservation and Recovery Act (RCRA) and Mine Safety and Health
Administration (MSHA).

Figure 1-2 illustrates the design process used for preparing the detailed design. The design
process commenced with the evaluation of the performance requirements of the panel-closure
system through review of the work performed in developing the conceptual design and the
"Underground Hazardous Waste Management Unit Closure Criteria for the Waste Isolation
Pilot Plant Operation Phase" (Westinghouse, 1995b). The various design evaluations were

AL/ 1-95/WP/WIP:R3830 1-1 762447.04.05.00.00 01/10/96 3:57pm
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performed to address specific design-implementation issues identified by the project. The
results of these design evaluations are presented in this report.

1.2 Design Classification

Procedure WP 09-CN3023 (Westinghouse, 1995a) was used to establish a design
classification for the panel-closure system. The design classification for the panel-closure
system evolved from addressing the short-term operational issues regarding the reduction

VOC migration. Figure 1-3 shows the decision flow logic process used to designate the

"
:._ \

panel-closure system as a Class IIIB structure.

1.3 Regulatory Requirements
The following subsections discuss the regulatory requirements specified in RCRA and MSHA

for the panel-closure system.

. 1.3.1 Resource Conservation and Recovery Act (40 CFR 264, 268, and 270)
In accordance with Title 40, Code of Federal Regulations (CFR), Part 264, Subpart X

{40 CFR 264, Subpart X), "Miscellaneous Units," and 40 CFR 270.23, "Specific Part B
Information Requirements for Miscellaneous Units," a RCRA Part B permit application has
been submitted for the WIPP facility. According to 40 CFR 268.6, the DOE has opted to
pursue a no-migration variance petition (NMVP) instead of treating waste to meet the land
disposal restrictions (40 CFR 268) (EPA, 1995).

1.3.2 Protection of the Environment and Human Health

Both the draft NMVP and the WIPP RCRA Part B permit application indicate that VOCs
must not exceed health-based standards beyond the WIPP site boundary. Worker exposure to
VOCs, and VOC emissions will not pose greater than a 107 excess cancer risk to the nearest
resident in order to meet health-based standards. The panel-closure system design
incorporates measures to mitigate VOC mugration for compliance with these standards.

1.3.3 Closure Requirements (20 New Mexico Administrative Code 4.1,
Subpart V)

The DOE will notify the Secretary of the New Mexico Environment Department in writing at
least 60 days prior to the date on which partial and final closure activities are scheduled to

begin.
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1.3.4 Mining Safety and Health Administration

The significance of small natural-gas occurrences within the WIPP repository is within the
classification of Category IV for natural gas under the MSHA (30 CFR 57, Subpart T)
(MSHA, 1987). These regulations include the hazards of methane gas and volatile dust.
Category IV "applies to mines in which non-combustible ore is extracted and which liberate a
concentration of methane that is not explosive nor capable of forming explosive mixtures with
air based on the history of the mine or the geological area in which the mine is located." For
"barriers and stoppings,” the regulations provide for noncombustible materials (where
appropriate) for the specific mine category and require that "barriers and stoppings" be of
"substantial construction.” Substantial construction implies construction of such strength,
material, and workmanship that the barrier could withstand air blasts, methane detonation or
deflagration, blasting shock, and ground movement expected in the mining environment.

1.4 Report Organization

This report presents the engineering package for the detailed design of the panel-closure
system. Chapter 2.0 presents the design evaluations. Chapter 3.0 describes the design and
Chapter 4.0 presents the Constructability Design Calculations Index. Chapter 5.0 shows the
technical specifications. Chapter 6.0 presents the design drawings. The conclusions are
presented in Chapter 7.0 and the references presented in Chapter 8.0. Appendices to this
report provide detailed information to support the information contained in Chapters 2.0
through 7.0 of this report.
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2.0 Design Evaluations

This chapter presents the results of the various design evaluations that support the panel-
closure system: (1) analyses addressing the operational requirements, and (2) analyses
addressing the structural and material requirements. The first group includes air-flow
analyses, an advection/dispersion analysis, and stress analyses using the Fast Lagrangian
Analysis of Continua (FLAC) (Itasca, 1995), which support a trade-off study comparing
grouting to removal of fracture zones in both the roof and floor. The second group addresses
the issue of material compatibility with the host rock and heat-generation that may cause
thermal cracking in the main concrete barriers during cement hydration. The second group
also includes methane-explosion and fracture-propagation evaluations to address the dynamic
pressure and subsequent temperatures generated by a postulated methane explosion.

2.1 Analyses Addressing Operational Requirements

The panel-closure system incorporates design features to address a range of ground
conditions, including the most severe ground conditions expected in the air-intake and air-
exhaust drifts. The alternatives for dealing with the most severe ground conditions include
excavating the fractured disturbed rock zone (DRZ)? and installing an enlarged concrete
barrier or partially enlarged concrete barrier with interface grouting or emplacing a standard
concrete barrier with formation grouting. To evaluate the effectiveness of these alternatives
for a panel-closure system, air-flow analyses and structural analyses were performed. The air-
flow analyses examined the flow of VOCs through the panel-closure system for these

alternatives.

The flow of VOCs is infiuenced by interface stress development. At the interface, the flow
was assumed to be equivalent to a fracture zone. To investigate interface-stress development
and the influence of barrier shape, structural analyses were performed for the main concrete
barrier. These structural analyses were then used to determine the loads on the main concrete

barrier.

The following sections address the air-flow analyses, the advection/dispersion analysis, and

the stress analyses that support the trade-off study for designs with or without DRZ removal
for overall protection of human health and the environment and compliance at the WIPP site
boundary.

P

2DRZ removal is used in the context of the removal of fractured rock in the DRZ.
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2.1.1 Air-Flow Analyses

The purpose of the air-flow analysis was to evaluate the trade-offs among a standard concrete
barrier with formation grouting, a partially enlarged concrete barrier with partial DRZ
removal (roof), and a fully enlarged concrete barrier with complete DRZ removal.
Subsequent analyses were performed to evaluate air flow for these alternatives. The air-flow
model (DOE, 1995) was used to evaluate the effective intrinsic barrier permeability of the
main concrete barrier for these alternatives and to assess VOC flow performance.

In previous studies (DOE, 1995), two air-flow models were evalvated: 1) unrestricted flow,
and 2) restricted flow through a panel-closure system. Unrestricted air flow is defined as
flow in which the gas pressure develops at or very near atmospheric pressure. No back
pressure exists in the waste emplacement areas. Restricted flow is defined as flow in which a
back pressure develops due to the restriction of flow through the barrier and the surrounding
disturbed rock zone. The analyses were based on an assumed gas generation rate of 8,200
moles per panel per year (0.1 moles per drum per year) due to microbial degradation, an
expected volumetric closure rate of 28,000 ft> (800 m®) per year due to salt creep, the
expected headspace concentration for nine VOCs, and the expected air dispersion from the
exhaust shaft to point of compliance, the WIPP site boundary. The previous analyses
indicated that the panel-closure system would limit the concentration (Figures 2-1 and 2-2) of
each VOC to a small fraction of the health-based exposure levels during the operational
period at the WIPP site boundary.

2.1.1.1 Evaluation Procedure
In the following analysis, the gases generated in the waste-emplacement area are in part
compressed in the void space within a panel and in part flow into the main return air. The

following assumptions were made in this model:

» That the gases (including VOCs) within the void space will obey the ideal gas
law. The gases will be generated at a rate of 0.1 moles per drum per year and
will be stored by an increase in gas pressure. The rate of pressure buildup will
be so gradual that it occurs at constant temperature.

s That volumetric reduction due to creep will reduce the void space at a rate of
28,000 > (800 m3) per year and will result in pressurization.

o That the flow of gas out of the panel will obey Darcy’s law under quasisteady-
state conditions. Under quasisteady-state conditions, the air pressure within the
panel-closure system will change so gradually that the compressive storage of
the air within the void space of the panel-closure system could be neglected.
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o That the rates of gas generation, air outflow, and change in compressive storage
will balance.

o That hydrodynamic dispersion will be neglected in the analysis.

o That the analysis will consider the superposition of flow rates from individual
panels according to the operating schedule for an operational life of at least
35 years.

The air flow under these assumptions follows a nonlinear first-order ordinary differential

equation. The model is characterized by molar gas generation and a reduction in void volume

that results in an increase in air pressure.

The problem can be stated by solving the system of nonlinear ordinary differential equations

as derived in Appendix A:

where

A vUD Awe

< = R

AL/1-95/WP/WIP:R3830

[ VI TS | B I |

P-P
(g-F xcr @ iy &
£=R*T* RT Y d

dt v2

-
,

\ myEn
.

Change in time (years)

Universal gas constant

Absolute temperature

Moles of gas in the panel that is a function of time
Pressure

Atmospheric pressure

Conductance of the panel-closure system = K_»*

t~f

Air conductivity of the panel-closure system
Cross sectional area of the panel-closure system
Flow path length of the panel-closure system
Air density

Gas generation rate

Panel volume
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- Panel volumetric-closure rate

dt

f = Panel-pressure rate

dr

.‘;ﬁ = Panel-molar storage rate.
t

The above relationships are subject to the following initial conditions: (1) that the pressure in
the panel will be atmospheric, and (2) the moles equals the moles of gas occupying the initial
panel void volume at the temperature of the repository.

The analysis assumed that the volume of the waste is equal to the total waste capacity of a
panel (600,000 ft> [16,990 m’]) (DOE, 1994a) times the assumed average solid volume of the
waste drums (23 percent) (IT, 1994). The analysis uses a solid waste volume equal to
138,000 ft> 3,910 m3) for the panel and this volume remains constant during the operational
life of the panel. The analysis then evaluates the void volume at panel closure, approximately

four years after panel excavation.

The waste-emplacement capacity of a panel includes the seven rooms and the panel-access
drifts from Room 1 to Room 7. The analysis uses closure rate and total closure data from the
Geotechnical Analysis Report (DOE, 1994b). A combination of field data and empirical
analysis is used to determine long-term closure rates for 35 years as presented in Appendix B.

The effective conductivity (K.} can be further expressed in terms of an effective intrinsic
panel-closure system permeability as (Freeze and Cherry, 1979):

koxpxg
5 = ~

H ’ *
:
' . .

K

where

Air conductivity
Effective concrete barrier permeability (rnz)

£ 7R
o
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Mass density
Acceleration due to gravity
Absolute viscosity.

p
g
1]

The calculations assumed that the cross-sectional area for flow through the DRZ and the
panel-closure system will equal 9 times the air-intake and air-exhaust area or that the DRZ
extends out 3 radii from the center. Case and Kelsall (1986) evaluated permeability
measurements performed by Peterson et al. (1985). These data showed a zone of increased
permeability (10712 to 1020 £i2 [10°"® m? to 102! m?}) from (3 to 42 ft [1 to 14 m]). The
boundary of the DRZ used in the analysis falls within their range.

The effective intrinsic permeability was calculated by considering the permeabilities over their
respective areas of the various media, as presented in Table 2-1. The assumed flow path
length equaled 26 ft (7.92 m). The effective permeability was equal to 1 x 10°1 £i2
(10'1% m?) for the standard concrete barrier with formation grouting. For an enlarged
concrete barrier with complete DRZ removal, the effective permeability would equal

1 x 10716 £2 (10717 m?).

Table 2-1
Intrinsic Permeability of Flow Components

Intrinsic Perrmeability

Component 2 m? Reference
Dilated salt BT 10°1® Cook and Case, 1991
Fractured salt (grouted) 10715 10716 DOE, 1995
Clay seams 10716 1017 Freeze and Cherry, 1979
Concrete barrier 10718 10718 Gulick and Wakeley, 1989
Marker Bed 139 10715 1076 DOE, 1995
Interface zone ‘ 10770 10" Femnandez et al., 1994

2.1.1.2 Modeling Results
Figure 2-3 shows that, after closure, the pressure within the panel will build up gradually, due

to the large compressibility of the panel void space relative to the air flow rate out of the
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panel. The panel-closure system will be effective in restricting flow to a value less than the
unrestricted flow rate during this period.

2.1.1.3 Conclusions

The air-flow model (DOE, 1995) was used to predict the perforrnance of a grouted standard
concrete barrier, a partially enlarged concrete barrier, and a fully enlarged concrete barrier for
the mass flow rate of carbon tetrachloride. The analysis suggests that the altemnate barrier
systems would be effective in restricting air flow over the operational period and that the
panel-closure system will restrict flow to at least 1 order of magnitude below the health-based
migration limit in preventing the release of VOCs (Figure 2-3).

2.1.2 Advection/Dispersion Evaluation

The purpose of the advection/dispersion evaluation was to assess contaminant transport time
through various media. The panel-closure system will be constructed to reduce the air flow-
rate by using compressive storage in the panel void space. The model (DOE, 1995) showed
that the panel-closure system will restrict transient flow for at least the operational period to
an effective gas-generation rate that is substantially less than the steady state flow rate of
about 35,000 ft> (1,000 m’ ) per year.

2.1.2.1 Evaluation Procedure

As panel pressure develops with time, the gases generated from the waste will travel through
the panel-closure system to the active underground workings. The model (DOE, 1995)
considered that the VOC concentration front will instantaneously develop in the active
underground workings and the gases would advect due to velocity variations as panel
pressures increased. The more detailed analysis presented below considers the flow
distribution and how the concentration of VOCs would be affected by the mechanisms of
advection and dispersion. If movement were slow through the panel-closure system, the
breakthrough would be delayed.

The relative significance of each of the air-flow zones can be evaluated by studying flow
conductance. The flow conductance through the panel-closure system is given by the
equation:
K.xA.
C - [ l . M—r-—-,h’;}‘
P T

. B i T
i A ;;\\
4 ey i
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where:

= Flow conductance

= Air conductivity of the i component

= Cross sectional area of the iff component
= Length.

P mo

The conductance through the panel-closure system will depend on the cross-sectional area and
the length. Table 2-2 summarizes the values for each component. The calculations show that
flow through fractured salt and MB 139 will dominate the conductance.

Table 2-2
Air Conductance Through System Components

I Conductance
Approximate per Unit
Cross-Sectional Length
Effective Air Conductivity Area (meter” per
Component Porosity (meters per second) (meterz) second)
Dilated salt 0.001 62x 10" 170 1.0x 107"
Fractured salt 0.040 6.2 x 10710 16 9.9 x 1079
Clay seams 0.400 6.2 x 10712 0.09 56x 10713
Marker Bed 139 0.040 8.2 x 1071 11 6.8 x 10710
- Concrete barrier 0.200 6.2 x 10”14 27 1.7 x 10712

The contaminant breakthrough of VOCs through the panel-closure system under the
assumption of advection will occur when the contaminant front traversed the length. The
average linear velocity equals the Darcy flux divided by the effective porosity for the various
flow components. The average linear velocity that varies with time is given by:

Ki«(p()=Poyrm)
V(p(t) )avgiz B . ‘*.‘\J
n,xL xy o \.‘ )
Y
\\ *1‘ l\‘(\'ﬁ ‘:f
. .- "f‘f‘(
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where:

V(p(t))avgi = Average linear velocity for the ith component
. = Air conductivity

p(t) = Panel pressure as a function of time

Patm = Atmospheric pressure

L = Length of the barrier

Y = Air density

n, = Effective porosity.

The second evaluation of the air-flow modeling evaluated the effects of hydrodynamic
dispersion on contaminant transport, using a one-dimensional dispersion model. This model
was chosen to evaluate the effects of dispersion on VOC migration rates through the panel-
closure system. To isolate the effects of mechanical dispersion, molecular diffusion was
considered insignificant. The advection-dispersion equation is given by Freeze and Cherry
(1979):

CO L"'Vx*f Vx L“'Vx*t
C = -5 [erfe (———) +exP(T) erfe(—————>1
where:
Dy =aV,+D’
and

Complimentary error function
Longitudinal coefficient of dispersion
Dispersivity

Average linear velocity

Concentration of contaminant at time t
Molecular diffusion

Initial concentration

Time

Length.

)
-
[T

@)
o
[ I T

—
I
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o That the air-flow velocity will be constant.

o That the gases (including VOCs) within the void space will obey the ideal gas
law.

o That the flow of air out of the panel will obey Darcy’s law under quasisteady-
state conditions. Under quasisteady-state conditions, the air pressure within the
panel-closure system will change so gradually that the compressive storage of air
within the void space of the air-intake and air-exhaust drifts will be neglected.

¢ That two-phase flow and interactions between air and brine will be neglected,
although the resaturation of salt would tend to reduce the flow of VOCs through
the barrier system.

The air-flow velocity was calculated for each component of the panel-closure system using

the maximum pressure determined from the air-flow model (DOE, 1995). Once a constant

velocity was calculated for each component, the concentration as a function of time was

determined for each of the panel-closure system components: fractured salt, fractured

anhydrite, clay seams, and the standard concrete barrier.® To study the effects of dispersion,

a range of different dispersivities was used. Mass flow as a function of time was then

determined for carbon tetrachloride and was summed over all components of the panel-closure —
system.

2.1.2.2 Modeling Results
In the model presented for air flow, the pressure varies as a function of time for flow through
the panel-closure system. This will result in a change in the average linear velocity as a
function of time that was calculated for each of the various components: fractured salt,
MB 139, clay seams, and the panel-closure system. The average linear velocity was then
integrated over time.

Breakthrough times for a panel-closure system length of 40 ft (12 m) were computed

(Figure 2-4). The analysis suggests that contaminant breakthrough through fracture zones
may occur within one to several years, while contaminant breakthrough in the barrier and the
dilated salt would not be expected during the WIPP operational period. The analysis shows
that for fractured components with high air conductivity and low fracture porosity, large
linear velocities result, with breakthrough occurring within months of panel closure. For the

3No credit is taken for the explosion isolation or construction isolation wall which is a conservative assumption.
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other components, with much lower air conductivity and higher effective porosity the
breakthrough would occur many years after panel closure.

In summary, the results of more detailed air-flow modeling suggest the appropriateness of the
model for the instantaneous breakthrough of contaminants and the insignificance of
dispersion. The results of the air-flow model emphasize the importance of treating fracture
zones, either by removal or by grouting for restricting the flow of VOCs.

The results from the second evaluation support the conclusion that breakthrough of VOCs will
occur rapidly through the dominant paths of the fractured salt and fractured anhydrite.
Because of this, the effects of dispersion will be insignificant on the VOC mass flux.

2.1.2.3 Conclusion

In conclusion, because air-flow modeling results show that breakthrough will occur rapidly
and that the effects of hydrodynamic dispersion will be insignificant, the air-flow model
(DOE, 1995) 1s conservative and appropriate.

2.1.3 Stress Analysis

The purpose of the stress analysis was to evaluate the interaction of the main concrete barrier
of the panel-closure system with the surrounding salt for different combinations and
geometries. The panel-closure system will consist of: (1) a standard concrete barrier or (2)
an enlarged concrete barrier. Options (1) and (2) will contain interface grouting and be
combined with an explosion-isolation or construction-isolation wall. The walls will isolate
the concrete barrier from the waste-emplacement panel and the effects of a postulated
methane explosion. Stresses are expected to develop in the concrete-barrier component due to
continued primary and secondary creep closure of the air-intake and air-exhaunst drifts after
installation of the concrete barrier. An estimate of the stress levels expected in the concrete
barrier determined the deformability and strength required for the concrete. The development
of stresses in the salt around the concrete barrier was also evaluated to estimate the time
required for DRZ healing for these options.

2.1.3.1 Evaluation Procedure

The evaluation was performed using the FLAC computer code (Itasca, 1995). Six detailed
structural-analysis models were prepared to evaluate the salt/structural interaction of the
proposed system. These models included two transverse-plane strain models across the air-

intake and air-exhaust drifts associated with a waste-emplacement panel, two long
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axisymmetric models, and two short axisymmetric models. The properties used in these
models were taken from the Backfill Enginecering Analysis Report (IT, 1994) as presented in
Appendix C.

2.1.3.2 FLAC Models

Since 1991, FLLAC has been used to model underground excavations at the WIPP. FLAC is a
two-dimensional, explicit finite difference code that simulates the behavior of rock and soil-
like structures. The WIPP Reference Creep Law is built into FLAC and has been verified to
U.S. Nuclear Regulatory Commission standards (Itasca, 1995). In addition, FLAC has been
verified against the WIPP Second Benchmark Problem (Krieg, 1984). The following
subsections describe the geometry and boundary conditions of the model used in the FLAC
analysis.

Plane-Strain Model Geometry. Two cross-sectional transverse plane-strain models were
run using the air-intake and air exhaust drift geometries. These models used a simplified
stratigraphy for approximately 250 ft (75 m) above and below the excavation horizon

(Figure 2-5). The models included the interaction of the excavation and the main concrete
barrier with MB 139 over time. The cross-sectional dimension of the air-intake drift is 13 by
20 ft (4 by 6 m), while the air-exhaust drift is 12 by 14 ft (3.6 m by 4.3 m). Each model was
run with the initial excavation and allowed to creep for a period of 5 years,* the time
expected for panel excavation and waste emplacement. After 5 years, the drift at the concrete
barrier location was excavated just beyond Clay G and Clay E, removing MB 139, and the
ribs were excavated to curved segments between these clays. Each model was then run for an
additional month simulating the time required to excavate the enlarged area and install the
concrete barrter. After the enlarged excavation was open for one month, the model was
continued with the installed concrete barrier. The actual construction schedule may be longer
for the enlarged barrier; however, the effects on long-term interface stress buildup will be
insignificant. As the stresses increased in the concrete barrier and the surrounding salt the
model was run for an additional 35 years, representing the required period of performance for

a concrete barrier.

L
-

’

“For Panel One, the period between excavation and barrier emplacement would be greater than 5 years. A
ionger period of time might result in more bed separation. However, since fractured salt is removed to Clay G
and the barrier is placed over a short period, the design is considered robust, and the effects of a longer period
for Panel One are insignificant.
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Axisymmetric Models. Four axisymmetric models were run to evaluate the long-term
loadings expected on the ends of the concrete barrier. The models (Figure 2-6) were
simplified using a homogeneous salt and radial loading. The model for the concrete barrier
was symmetrical around the central axis. The cases illustrate that the presence of the barrier
ends will result in a longer cylindrical barrier, and that the shorter bamrier with the two plug
ends will result in a more tapered shape.

Material Properties Used in Modeling. The material properties used for the reference
stratigraphy presented in the Backfill Engineering Analysis Report (IT, 1994) were used in the
FLAC analysis. These properties (Appendix C) included the elastic, primary creep, and
secondary creep constitutive properties of the halite, polyhalitic halite, and argillaceous halite.
They also included the elastic properties of the anhydrite and the concrete. o

I

Modeling Results—Transverse Plane-Strain Models. The results of the transverse ;;.: i

plane-strain models suggest that higher stresses will form in MB 139 following excavation, _
but that after barrier emplacement, an increase in barrier-confining stress and a reduction of |
shear stress will occur in and around the barrier. The results further suggest that substantial
uniform confining stresses will develop as the barrier is subjected to the secondary salt creep.

Modeling Results—Axisymmetric Models. The results of the axisymmetric models
agree with the results of the transverse models for the prediction of interface stress and
suggest the appropriateness of an axisyminetric model to evaluate the long-term stress
abutment zone effects. The modeling results for the longer cylindrical barrier suggest that the
radial stresses increase by a factor of 2 at the ends of the barrier. The high-stress
concentration at the ends of the barrier extends a distance of several meters. Tensile stress
develops at the ends of the longer cylindrical barrier. The short axisymmetric barrier, with
the design achieving a more tapered configuration, shows that a more uniform state of
compression develops all around the barrier. The principal stress results after a period of
30 years for this barrier with DRZ removal are presented in Figure 2-7. These results show
that the barrier is in a state of overall compression.

2.1.3.3 Stress Analysis of the Concrete Barrier on an Elastic Foundation

An analysis was performed treating the concrete barrier as a beam on an elastic foundation.

After several years it is expected that loads would develop uniformly in the concrete barrier;
however, the concrete barrier may be subjected initially to nonuniform loading (Figure 2-8).
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The analysis of the concrete barrier on an elastic foundation shows that, for various assumed
loadings that will develop, the amount of flexure and transverse shear was minimal and would
result in insignificant nonuniform load reactions and failure of plain concrete in flexural
tension or shear (Figure 2-9). The only manner in which flexure will develop would be
through nonuniform loading. The assumed approximate stress gradient for the first room for
the Chabannes solution (DOE, 1995) at a distance of 80 ft (24 m) equals 300 pounds per
square inch (psi) (2.1 megapascals [MPa]) over 50 ft (15 m). The analysis evaluated the
effects of varying the modulus of subgrade reaction for the barrier (equal to 500,000 psi
{3,500 MPa]}. The results suggest that the potential for flexural tension and shear will be
greater when loads were resisted by fractured salt. The removal of fractured salt from the
central portion of the excavation should result in 2 more uniform loading on the barrier and
stiffer resistance in reaction that reduces short-term flexural tension and shear.

2.1.3.4 Interface Stress Buildup

Previous small-scale sealing studies (Case and Kelsall, 1986) showed that stress in seals in
contact with salt develop rapidly (Figure 2-10). As an example, in the 3 ft- (91- centimeter
[cm])-diameter plug for the Small Scale Seal Performance Test, interface stress developed to
about 1,000 psi (7 MPa) within 1,000 hours. An analysis was conducted to evaluate the
effects of concrete barrier stiffness on the recovery of the DRZ for the alternatives. The
technical approach to the standard analysis considered an infinitely long cylindrical concrete
barrier in an infinite medium (DOE, 1995). Figure 2-11 illustrates that interface stresses for
the standard concrete barrier with formation grouting would develop more siowly than the
enlarged concrete barrier, resulting in less healing of the surrounding DRZ for at least the
35-year operational period.

2.1.4 Tradeoff Study of Formation Grouting versus DRZ Removal

The purpose of this study was to evaluate the tradeoffs of formation grouting versus DRZ
removal for the alternatives for overall protection of hurnan health and the environment. The
tradeoff study considered compliance with the design migration limit, barrier effectiveness,
and implementability of the design at the WIPP. This evaluation was performed qualitatively
through examination of the results of air-flow and stress analyses as presented in previous
sections. The alternatives included a standard concrete barrier with formation grouting, a

*A cylindrical concrete barrier develops interface stress less rapidly than a spherical concrete barrier. However,
the analysis of a cylindrical barrier provides a relative comparison of the effects of fractured salt on the
development of interface siress for a long cylindrical barrier,
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partially enlarged concrete barrier with DRZ removal in the roof, and a fully enlarged barrier
with complete DRZ removal. In all cases, the most severe ground conditions were
considered. Existing information and the previous modeling efforts were combined to
provide insight to the performance of the alternatives.

Bench-scale tests done by Terra-Tek showed the importance of interface zone permeability
(Fernandez, et al., 1994). For sealed boreholes, flow occurs either through the seal matrix or
through the interface zone. These tests showed that the "effective barrier permeability” for
flow through the interface zone to be 1 to 2 orders of magnitude greater than the permeability
of the plug material. This result supports the theory that the interface zone behaves like a
fracture, in that at low effective stress levels, the interface opens and exhibits high
conductivity. At higher stress levels, the interface closes and exhibits a much lower
conductivity that 1s independent of effective stress. These studies suggest that the excavation
of a more circular shape that reduces stress concentrations and the emplacement of a
sufficiently strong barrier that would reduce shear stresses, and increase confining stresses at
the interface zone is preferable.

The discussion presented above allows an evaluation of the compliance of the alternatives
with the design migration limit and a qualitative evaluation of the effectiveness of the
alternatives in light of the previous stress analyses performed. The stress analyses performed
suggested that for the barrier with formation grouting, there ts a greater potential for barrier
flexure when fractures in the surrounding rock are present, and that the interface stress would
develop more slowly because of the compliance of these fractures. This will then result in
potentially higher VOCs flow through the interface zone, and reduced effectiveness. The ‘

development of lower interface stresses would result in lower confining stresses in the |
surrounding DRZ, and a slower rate of DRZ healing.

In evaluating the tradeoffs among the alternatives, it was noted that all three alternatives
could be implemented. Technologies exist for the placement of a barrier with formation
grouting (DOE, 1995). Further, methods are available for the excavation of an enlarged
barrier with DRZ removal. Fernandez et al., 1989 evaluated various techniques for
enlargement of barriers. These included the use of expansive agents, and hydraulic splitters
in addition to the methods for continuous mining. The use of expansive agents could be used
in the floor to excavate to below MB 139. While the use of these more labor intensive
methods would take longer and make barrier emplacement more difficult, the techniques are
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nevertheless available. The alternatives involving rock removal can be implemented in the
underground WIPP repository.

In conclusion, the evaluations addressing the operational requirements of the panel-closure
systermn show that, for the most severe ground conditions to be encountered, the maximum
protection is provided when an enlarged concrete barrier is used. The severity of the ground
conditions relate to the size and age of the air-intake and air-exhaust drifts, and the distance
to the room intersections. The longer the time period between excavation, and panel closure,
the greater the degree of fracturing that could occur. For example, the period of time for
Panel 1 has been much longer than the four year period currently planned for other panels.
Where the time between excavation and panel is short, fracturing may be absent or
inconsequential, and the design can be simplified to a standard barrier with no DRZ removal.

2.2 Structural and Material Requirements
This section presents evaluations relating to the structural and material requirements for the
panel-closure system.

2.2.1 Material-Compatibility Evaluations

The purpose of the material-compatibility evaluations is to select the most suitable concrete
and grout materials for a panel-closure system. This section evaluates the concrete and grout
compositions and their geochemical compatibility with the host rock and brine. This section
also evaluates the geotechnical properties and permeabilities of a concrete/grout to liquid
phase and gaseous phase contaminants (brine and VOCs, respectively).

2.2.1.1 Evaluation Procedure
Project information was reviewed for appropriate concrete-barrier materials that would
minimize VOC migration and cement hydration for candidate materials.

2.2,1.2 Concrete-Barrier Material Candidates

The selection of candidate materials for use as concrete and grout in a panel-closure system

requires that numerous criteria be satisfied in terms of the 35-year period of performance.

The materials must be chemically compatible with the host rock and brine (Salado Formation)

without chemical degradation. Concrete used in the main concrete barrier must be

sufficiently strong enough to support lithostatic loads and resist the compressive stress of the

creeping salt. The concrete must cure at a low heat of hydration. If the concrete evolves —
heat too rapidly (i.e., greater than 14 degrees celsius (°C) (25 degrees Fahrenheit [°F]), it may
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experience rapid slump loss before hardening and excessive thermal stress after hardening.
Slump loss directly affects the workability and pumpability of the concrete. The workability
of the concrete must allow ample time and the pumpability must be adequate for installation.
The most desirable characteristics for achieving adequate pumpability were a 4-hour working
time (Wakeley et al., 1994). The concrete must perform under large-scale instailation
conditions. Grout must form a tight seal between the concrete barrier and the host rock.

Wakeley et al. (1993) studied and developed (Gulick and Wakeley, 1989) salt-saturated
concrete and grout in the floor of the WIPP repository for six years (Appendix D). Then the
concrete and grout plugs along with some host rock were overcored. The study concluded
that little or no deterioration occurred to the concrete or grout. Overall the compressive
strengths increased with time with the lowest values from samples taken in the DRZ.
Reaction rims with increased permeability were noted on anhydrite surrounding the plugs,
suggesting interaction between the grout or concrete and host rock. There was also evidence
of halite dissolution in the anhydrite zone near the plugs; however, the presence of halite
facilitated better bonding between the grout or concrete and the host rock. Crystallization of
new phases was also noted on free surfaces, indicating that strongly ionic, magnesium-bearing
fluids were present and moving. The movement of the fluid improved the bonding with the
host rock.

Gulick and Wakeley (1989) proposed expansive salt-saturated concrete (ESC) (Appendix E)
and grout mixtures that yielded favorable results for suitability in a panel-closure system.

The formulation for their grout mixture is indicated in Table 2-3. ~7
Table 2-3 Dok
Sait-Saturated Grout (BCT-1F) E a

Component Percent of Total Mass
Class H cement 48.3
Class C fiy ash 16.2
Cal seal® (plaster) 57
Sodium chloride 7.9
Dispersant 0.78
Defoamer 0.02
Water 211
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Class H cement is a standard oil-well cement that has been used extensively in grouts and

concretes in underground applications. Class C fly ash contributes expansive properties to

concrete. Cal Seal® (a plaster of paris, manufactured by Halliburton) also develops expansive

properties in mixtures containing Class H cement. Expansive components that are added to

the concrete or grout mixtures enhance bonding with the host rock.

Wakeley et al. (1993) later researched concrete mixtures that would behave optimally under

the type of large-scale installation conditions associated with the panel-closure system. The

concrete mixture was also designed to keep the temperature due to heat of hydration less than
14°C (25°F). The concrete mixture that resulted from this study was termed the Salado Mass
Concrete (SMC), and it superseded ESC as the performance mixture (Wakeley et al., 1993).

Table 2-4 summarizes the SMC composition.

Table 2-4

Salado Mass Concrete

Component Percent of Total Mass
Class H cement 4.93
Chem Comp llI 2.85
Class F fly ash 6.82
Fine aggregate 33.58
Coarse aggregate 43.02
Sodium chloride 2.18
Defoaming agent 0.15
Sodium citrate 0.09
Water 6.38

Class F fly ash increases the aluminum content of the concrete mixture, which decreases the

-

heat of hydration and increases the setting speed. A mixture of fine and coarse aggregate

decreases the porosity of the concrete, and the fine aggregate contributes more silica over

time.
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For Class M cement and Class F fly ash addition of sodium chioride to the mixture ensures
that the water content of the concrete is in equilibrium with the host rock to minimize
dissolution, and inhibit deterioration of the concrete. The use of defoaming agents inhibit air
entrainment in the concrete mixture.

Wakeley et al. (1994) studied under laboratory conditions the effects of various compositions
of brines and concretes, including the SMC formulation. The study evaluated the
susceptibility of concretes to chemical degradation by brines. Both pastes containing no
aggregate, and mortars containing fine aggregate were formulated and tested in simulated
brines containing magnesium and sulfate concentrations representing the brines at the
repository horizon. The study concluded that high-magnesium brines exacerbated the
deterioration of pastes and mortars; mortars deteriorated more rapidly than pastes. This study
concluded that loss of calcium was the primary cause of weakened concrete materials. The
use of salt in mortars with an expansive component slowed the rate of deterioration. These
experiments were carried out under extreme experimental conditions unrepresentative of the
trace amount of brine that will be encountered during large-scale installation of the concrete
barriers.

2.2.1.3 VOC Interaction

Theoretically, if the pH of the VOCs is too low, it could negatively impact the structura
integrity of the concrete barrier. The higher the VOC pH, the less likelihood for physical
degradation of the concrete barrier. Using a portland cement with a pH greater than 12
should ensure the integrity of the concrete barrier.

2.2.1.4 Cement Hydration

Mathewson (1981) reported that the aggregate mineralogy significantly affects the
curing/hydrating process by generating heat and alkali fluids, which can have deleterious
effects on the strength of the concrete. Minerals susceptible to an alkali-aggregate reaction
are hydrated silicates, opaline shale, chert, siliceous limestones, rhyolite, and dacite.
Nonreactive minerals include quartz, feldspar, calcite, and the ferromagnesium minerals.

2.2.1.5 Conclusions

Previous studies suggest the application of the SMC to the design of the panel-closure system.
This concrete possesses characteristics of low heat of hydration and workability. Because of
the trace amounts of brine and the impermeable nature of the concrete, a standard concrete

with a low heat of hydration and similar workability was considered acceptable. Therefore,
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the design specifies a plain cement concrete mix that must be verified with testing. The
cement will be Portland cement, type II modified, with pozzalan or type IV, to limit the heat
of hydration of the resuitant mix.

2.2.2 Heat-Generation Evaluations
Heat-generation studies evaluated the effects of the heat of hydration for the installation of the
concrete barrier. The curing of concrete is facilitated by hydration in that the water present in
the mixture reacts with calcium and silica to incorporate water into the resulting mineral

phase. This process is an exothermic reaction, resulting in a temperature increase in the

concrete barrier and host rock. This temperature increase causes a thermal expansion of the
concrete barrier and increases the interface stress. As the concrete cools, the interface stress

decreases, and tensile strain may occur at the interface.

2.2.2.1 Evaluation Procedure
The one-dimensional radial numerical and analytical model SHAFT.SEAL (Case et al., 1992)
solves for temperature and stress as a function of radial position, in either the barrier or the
surrounding host rock. The model uses the implicit finite-difference method (Camahan et al.,
1990) to analyze the temperature rise and fall following completion of the hydration. The
~model assumes radial conductive heat transfer to the surrounding host rock.

The analysis used thermal and thermomechanical properties from previous modeling efforts
(Case and Kelsall, 1986; Van Sambeck and Stormont, 1987). The proposed concrete mixture
exhibits a double-humped hydration curve (Figure 2-12) (Van Sambeek and Stormont, 1987).
The first "hump” results from a reaction that occurs shortly afier the mixing of the concrete.
The double-hump manifestation in the temperature-versus-time data of the expansive salt-
based concrete reduces the maximum temperature by increasing the time over which the
hydration takes place. This is beneficial in large volumes of concrete where the dissipation of
heat in the interior of the concrete barrier is slow. The analyses used input properties for the
candidate material as determined from laboratory studies (Van Sambeek and Stormont, 1987),
with modifications made to account for a reduced heat of hydration for the SMC. Table 2-5
summarizes the properties used in the analysis. The placement temperature was selected at

ambient temperature.
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Table 2-5

Thermal and Thermomechanical Properties
for SHAFT.SEAL Analysis

Property Value
Barrier properties:
Plug diameter 10 meters
Concrete placement temperature 28°C

Concrete Properties:
Specific heat
Thermai conductivity
Density
Young's Modulus
Poisson’s ratio
Thermal expansion coefficient

980 joules/{kilogram-Celsius})
2.1 watts/(meters-Celsius)
2,280 Kilograms/cubic meter
28,000 MPa
0.20
12.6 x 100 1/°C

Rock properties: -
Specific heat
Thermal conductivity
Density

860 joules/{kilogram-Ceisius)
4.94 watts/(meters-Celsius)
2,300 kilograms/cubic meter

Rock temperature 28°C
Young’'s Moduius 31,000 MPa
Poisson’s ratio 0.25
Thermal expansion coefficient 45.0 x 108 1/°C

2.2.2.2 Modeling Results

The modeling results include the temperature and stress distributions in the concrete barrier
and the surrounding host rock at various times (Figure 2-13). The thermal analysis shows
that temperatures initially rise uniformly due to cement hydration, maintaining a high radial
thermal gradient within the interface zone. Thermal gradients decreased with time as
hydration nears completion, and the heat thermally diffuses to the surrounding rock. After
28 days, temperatures rose to about 45°C (102°F), inducing a thermal gradient and thermal
stress at the interface zone. After this time, the temperatures fell and approached the in situ
rock temperature after an additional 28 days. The temperatures suggest that the heat pulse
will be short and that the placement of the concrete, combined with the high thermal
diffusivity of the salt, will control hydration temperatures to an acceptable level. The stress
analysis suggests that tensile stress in the concrete will be offset by the rapid buildup of-
compressive stress, due to salt creep of the host rock. '
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Temperature and Stress Distributions for Concrete Barrier
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2.2.2.3 Conclusions

Hydration temperatures will be controlled through the selection of an appropriate concrete to
reduce the potential for tensile cracking and separation at the interface zone. A thermal
analysis using information on the heat of hydration of the concrete coupled with a salt-creep
analysis suggests that, for the size of pour, placing the concrete at ambient temperature will
control hydration temperatures. Finally, because steel formwork will be used during
installation, such formwork will conduct heat away from the face of the concrete and thereby

cool the concrete.

2.2.3 Explosion Evaluations

The methane-explosion evaluation focused on the pressure and thermal effects of such an
explosion on the explosion-isolation wall. The DOE (1995) suggests that gas-generation
rates, due to microbial degradation, might range from 0.01 to 0.1 moles per drum per year,
with methane comprising 70 percent of the gas. It is estimated that the potential for a
methane explosion would not occur prior to closure of the first waste-emplacement panel for
a gas generation rate of 0.1 moles per drum per year. Such an explosion could occur
approximately 20 years after closure of the first panel. This time is determined by comparing
the percent volume concentration to the explosive limits for methane as shown in Figure 2-14.

If the composition of the air in the closed panel were 18 percent oxygen, the explosive range
will be from about 5 to 15 percent methane by volume. Above 15 percent methane, the
atmosphere in an abandoned waste-emplacement panel would be "fuel rich" and would not be

capable of sustaining an explosion. With a reduction in the amount of oxygen available, the /£
explosive range narrows, and the potential will be nonexistent below a 12 percent oxygen :

composition.

A methane explosion would generate an initial pressure transient that would impinge on the
explosion-isolation wall. Subsequently, temperatures would rise in the panel, as well as raise

the temperature in the explosion-isolation wall.

2.2.3.1 Evaluation Procedure

Two analyses were conducted to evaluate methane-explosion effects: 1) a dynamic analysis,

and 2) a thermal heat-transfer analysis of the explosion-isolation wall. After an explosion, the
explosion-isolation wall would be subjected to short-termn dynamic loading. The design

pressure can be calculated as the maximum pressure times the dynamic load factor (Biggs, —
1964). The dynamic load factor will depend on the shape of the pressure-time transient. An
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explosion will result in a wave front that will rise instantaneously and then drop gradually. In
this study, the transient pressure pulse is idealized as having an instantaneous rise and an
exponential decay (Figure 2-15).

In the event of a hydrocarbon explosion: either (1) deflagration will result in a rapid dse of
pressure, with no transition to a detonation, or (2) a detonation wave front will propagate as a
supersonic shockwave. The transition to a detonation is a function of two parameters:

(1) the methane concentration at the time of the explosion, and (2) the ability for a wave front
to form. In underground excavations, the latter condition typically requires a reasonably long
passage through which the combustion wave travels and transforms to a detonation. After

20 years, the open passage above the waste stack will be reduced in size, and it is unlikely
that a long passage with an open geometry will exist. Further, individual rooms will be
isolated by bulkheads at each end. Therefore, the dynamic analysis considers a deflagration.

The second analysis involves a thermal analysis with a heat-transfer model (Appendix F).

The heat-transfer model under the postulated explosion within the panel considers the heat
balance between the gas and the walls of the panel for a stoichiometric mixture of methane.
The rate at which the gas temperature will rise within the panel depends on (1) the number of
moles of methane, (2) the specific heat capacity of the gas and the heat transfer to the salt
and the walls through radiation, (3) convection along the vertical and horizontal surfaces, and
(4) conduction within the salt and walls. Because the properties involved in the heat transfer
analysis are temperature-dependent, a numerical model was run using the explicit finite
difference method. The model provided the necessary information for evaluating thermal
effects in selecting the size of the explosion-isolation wall.

2.2.3.2 Analysis Results

The peak explosive pressure was taken from the pressure rising from a deflagration that is
about 8 times the ambient pressure (2 atmospheres) at the time of the explosion. This results
in a peak pressure of 240 psi (1.7 MPa)‘6

The dynamic load factor will depend on the natural frequency of the explosion-isolation wall.
The value for the dynamic load factor approaches a value of 2, with increased natural

The analysis is conservative in that the presence of the waste drums would result in dampening of the
explosion.
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frequency for a variety of exponential curves (Figure 2-16). Based upon this loading, an
explosion-isolation wall was designed to adsorb the energy from such an explosion.

The thermal-analysis results are presented in Figures 2-17 through 2-19. Figure 2-17 shows
the gas temperature, the salt-wall temperature, and concrete wall temperature following the
explosion. ‘In the analysis, the gas reached a temperature of 2,500 Kelvin after about

20 seconds and then declined with time. The gas approached ambient temperatures after
about 1.5 hours. Figures 2-18 and 2-19 show the temperature distribution as a function of
distance into the walls. The results show that, at the initial time, the heat transfer from
combustion gas to the salt and walls will result in a large temperature gradient at the wall.
At later times, heat will be conducted through the wall, and the salt and the thermal gradient
will be reduced. After 2 hours, the elevated temperature in the wall will propagate a
maximum of 6 inches (15 cm) into the wall. Because the explosion-isolation wall is designed
to resist creep deformation, temperature gradients will not significantly affect the stability of
the wall.

2.2.3.3 Conclusions

The explosion-isolation wall was designed for a peak deflagration pressure of 240 psi

(1.7 MPa) under pseudostatic conditions, with a dynamic load factor of 2.0. Because the
explosion-isolation wall is designed to resist creep deformation, temperature gradients wiil not
significantly affect the stability at the wall.

2.2.4 Fracture-Propagation Studies

The fracture-propagation studies evaluated the potential for fracture propagation, using the
results of previous analyses. These analyses included a stress analysis and explosion
evaluations.

2.2.4.1 Evaluation Procedure

The results of the thermal analysis suggest that elevated temperatures within an explosion-
isolation wall and salt will be a localized phenomenon. During an explosion, which may
potentially occur 20 years after closure of the first panel, two phenomena could affect the
potential fracturing of the salt: (1) the expansion of the explosion products into existing
fractures and (2) the potential reflection of sonic waves off free surfaces around the barrier.
These effects were evaluated.
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2.2.4.2 Evaluation Results

The fractures in the roof and floor could be affected by the expansion of the gas products on
the order of 240 psi (1.7 MPa), which decay rapidly with time and attenuate with distance.
Around the wall, the confining stress on the order of 1,450 psi (10 MPa) could develop after
20 years, as presented in Section 2.1.3. Horizontal fracture propagation could occur around
the concrete barrier only if the internal gas pressure exceeded the confining pressure.
Because the peak internal pressure from the deflagration is only about one-fifth of the
confining pressure, fractures would not propagate through or around the main wall.

Following an explosion, the wall would be subject to sonic waves that would impinge on the
wall. As the sonic wave encountered a contrast in wall stiffness, a portion of the sonic wave
would be refracted, and a portion would be reflected (Jaeger and Cook, 1972). This would
result in minor tensile spalling of the isolation wall.

2.2.4.3 Conclusions

At the time of a potential explosion, the development of confining stress relative to the
explosion pressure would prevent fracturing around the main concrete barrier. With the
selection of a thick enough wall, the effects of a postulated methane explosion can be isolated

from the main concrete barrier.
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3.0 Design Description

This chapter presents the final design selected from the evaluations performed in the previous
chapter. It presents design modifications to cover a range of conditions that may be
encountered in the underground and describes the design components for the panel-closure
system. Finally, information is presented on the proposed construction for the panel-closure

system.

3.1 Design Concept
The composite panel-closure system selected is (1) a standard concrete barrier, rectangular in

shape, or (2) an enlarged tapered concrete barrier. Options (1) and (2) will be grouted along
the interface and may contain explosion- or construction-isolation walls. Figure 3-1 illustrates
these design components. The construction methods and materials to be used to implement
the design have been proven in previous mining and construction projects. The standard
concrete barrier without DRZ removal will most likely apply to future panel air-intake and
air-exhaust drifts where the time duration between excavation and barrier emplacement is
short. The enlarged concrete barrier with DRZ removal would apply to Panel 1 where a
significant time lapse will occur between excavation and barrier emplacement. The design
concept for the enlarged concrete barrier incorporates:

* A concrete barrier that is tapered to promote the rapid stress buildup on the host
rock. The stiffness was selected to provide rapid buildup of compressive stress
and reduction in shear stress in the host rock.

¢ The enlarged barrier requires DRZ removal just beyond Clay G and MB 139,
and to a corresponding distance in the ribs to keep the tapered shape
approximately spherical. The design includes DRZ removal and thereby limits
VOC flow through the panel-closure system.

¢ The design of the panel-closure system includes either a construction- or an
explosion-isolation wall designed to provide strength and deformational
serviceability during the operational period. The length was selected to assure
that uniform compression develops over a substantial portion of the structure and
that end-shear loading that might result in fracturing of salt into the back is
reduced.

3.2 Design Options
The design options consist of the following:
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¢ An enlarged concrete barrier with the DRZ removed
and a construction-isolation wall

» An enlarged concrete barrier with the DRZ removed Vi
and an explosion-isolation wall '

» A rectangular concrete barrier without the DRZ removed
and a construction-isolation wall

¢ A rectangular concrete barrier without the DRZ removed
and an explosion-isolation wall.

In each case, interface grouting will be used for the upper barrier/salt interface. The process
for selecting these options would depend on the subsurface conditions at the panel-closure
system locations described in the following subsections.

3.2.1 Selection of the Concrete Barrier

The design provides flexibility to satisfy the design migration limit for the flow of VOCs out
of the panel. An enlarged concrete barrier will be selected where air-intake and air-exhaust
drifts have fractured with age resulting in significant flow of VOCs. These conditions apply
to the most severe ground conditions in the air-intake and air-exhaust drifts of Panel 1. If
ground conditions are more favorable such as might be the case for future panel entries, then
the panel-closure system can be simplified to a standard concrete barrier, rectangular in shape,
with a construction-isolation wall.

Several methods are available for detecting the location and extent of fractures in the DRZ
(DOE, 1995). These methods include ground-penetrating radar and observation boreholes,
which have already been used for underground fracture detection at the WIPP (DOE, 1995).
These methods will be used to determine when conditions are favorable, and the standard
concrete barrier can be used to limit/restrict VOC flow.

The GPR methods and other exploratory methods show where fractures are minimal in order
to select an optimum location for the panel-closure system. In such areas, the design can be
simplified to a standard concrete barrier without DRZ removal. The area with the least
number of fractures as determined by these exploratory methods would mean that
compressive stresses increase on the standard concrete barrier. The effective concrete barrier
permeability will be reduced with time as stresses increase on the standard concrete barrier.
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GPR is a nondestructive electromagnetic reflection technique that is sensitive to variations in
the dielectrical constant of rock salt. The use of GPR is a proven technology for detecting
shallow fracture zones in the underground and will have practical value in determining the
location of a panel-closure system (IT, 1993). GPR surveys perpendicular to the long axis
and axial surveys of the drift would provide data to determine the optimum location for the
main concrete barrier. Fractured rock will be removed as necessary for installation of the

concrete barrier.

T
For future waste-emplacement panels, GPR will be used to monitor fracture development. @ * !/
Radar surveys could be conducted shortly after excavation to provide a baseline with which to
compare future radar surveys. GPR will be used periodically to monitor the development of

brittle deformation occurring in the new air-intake and air-exhaust drifts.

Observation boreholes will be drilled into the roof or floor of the new air-intake and air-
exhaust drifts and will be used for observation of fractures and bed separation. Observations
can be made in the boreholes using a small video camera, or a scratch rod. A scratch rod
survey will be performed in accordance with the current Excavation Effects Program (EEP)

procedure.

The EEP was initiated in 1986 with the occurrence of fractures in Site and Preliminary
Design Validation Room 3. The purpose of the EEP is to study fractures that develop as a
result of underground excavation at the WIPP and to monitor those fractures. Borehole
inspections have been successful for determining the fracturing and bed separation in the host
rock. These inspections have been performed since 1983 (Francke and Terrill, 1993). This
technique in addition to the above will be used to determine the optimum location for the
panel-closure system. '

3.2.2 Selection of an Explosion- or Construction-lsolation Wall

While no requirements for barricading waste areas exist under the MSHA, the intent of the
regulations is to safely isolate abandoned areas from active workings using barricades of
"substantial construction.” The previous analysis (DOE, 1993) examined the issue of methane
gas generation from TRU waste and its potential consequence in closed areas. The principal
concern is the occurrence of an explosive mixture of methane and an ignition source, which
would result in deflagration. If a methane explosion is considered possible, an explosion-
isolation wall of sufficient thickness will be used to resist dynamic and creep loads. In the
absence of explosive conditions, a construction-isolation wall will be used.
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3.3 Design Components
The following subsections present system and components design features.

3.3.1 Concrete Barrier

The enlarged concrete barrier consists of plain concrete, with sufficient unconfined
compressive strength and with an approximately circular cross-section excavated into the salt
over the central portion of the barrier (Figure 3-2). The enlarged concrete barrier will be
located at the optimum locations in the air-intake and air-exhaust drifts with the central
portion extending just beyond Clay G and MB 139.

The enlarged concrete barrier will be placed in four cells, with construction joints
perpendicular to the direction of potential air flow. The concrete strength will be selectea
according to the standards specified by the latest edition of the ACI code for plain concrete.
The concrete will be placed through 6-inch- (15-cm)-diameter steel pipes and vibrated from
outside the formwork. The formwork is designed to withstand the hydrostatic loads during
construction, with minimal bracing onto exposed salt surfaces. This will be accomplished by
placing a series of steel plates that are stiffened by angle iron, with load reactions carried by
spacer rods. The spacer rods will be staggered to reduce potential flow along the rod surfaces
through the barrier. Some exterior bracing will be required when the first cell is poured. All
structural steel will be ASTM A36, with detailing, fabrication, and erection of structural steel
in conformance with the latest edition of the AISC steel manual (AISC, 1989). After

concrete placement, the formwork will be left in place.

The above design is for the most severe conditions expecied to be encountered at the WIPP.
If actual conditions are found to be more favorable (i.e., if the age of the entries at the time
of emplacement is less, and if the fractured DRZ does not develop, or there is adequate
design margin for the flow of VOCs), the design can be simplified to a rectangular barrier
without DRZ removal (Figure 3-3).

3.3.2 Explosion- and Construction-isolation Walls

An explosion-isolation wall, consisting of concrete-blocks, will mitigate the effects of a
postulated methane explosion. The explosion-isolation wall consists of 3,500-psi (24-MPa)
concrete blocks mortared together with cement (Figure 3-4).

The concrete block wall design complies with MSHA requirements (MSHA, 1987) because it
uses incombustible materials of substantial construction. The explosion-isolation wall will be
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placed into the salt for support. The explosion-isolation walls are designed to resist creep
loading from salt deformation. In the absence of the postulated methane explosion, the design
will be simplified to a construction-isolation wall. The construction-isolation wall design
provides temporary isolation during the time the main concrete barrier is being constructed.

3.3.3 Interface Grouting

After construction of the main concrete barrier, the interface between the main concrete
barrier and the salt will be grouted through a series of grout-supply and air-return lines that
will terminate in grout distribution collection boxes. The openings in these boxes will be
protected during concrete placement (Figure 3-5). The grout boxes will be mounted near the
top of the barrier. The grout will be injected through one distribution systermn, with air and
return grout flowing through a second distribution system.

3.4 Panel-Closure System Construction

The construction methods and materials to be used to implement the design have been proven
in previous mining and construction projects. The design uses common construction practices
according to existing standards. The proposed construction sequence follows completion of
the waste-emplacement activities in each panel: (1) Perform subsurface exploration to
determine the optimum location for the panel closure system, (2) select the appropriate design
option for the location, (3) prepare surfaces for the construction- or explosion-isolation walls
(if required), (4) install these walls, (5) excavate for the enlarged concrete barrier (if
required), (6) install concrete formwork, (7) emplace concrete for the first cell, (8) grout the
completed cell, and (9) install subsequent formnwork, concrete and grout until completion of

the enlarged concrete barrier.

The explosion-isolation or construction-isolation walls will be located at some distance from
the main concrete barrier. The host rock will be excavated 6 inches (15 cms) around the
entire perimeter prior to installing the explosion-isolation wall. The surface preparation wil
produce a level surface for placing the first layer of concrete blocks. Excavation may be
performed by either mechanical or manual means.

Excavation for the enlarged concrete barrier will be performed using mechanical means, such
as a cutting head on a suitable boom. The existing roadheader at the main barrier location in
each drift is capable of excavating the back and the portions of the ribs above the floor level.
Some manual excavation may be required in this situation as well. If mechanical means are
not available, drilling boreholes and an expansive agent can be used to fragment the rock
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(Fernandez et al., 1989). Excavation will follow the lines and grades established for the
design. The roof will be excavated to just above Clay G and then the floor to just below

MB 139 to remove the DRZ. The tolerances for the enlarged concrete-barrier excavation are
+6 to 0 inches (+15 to O cm). In addition, loose or spalling rock from the excavation surface
will be removed to provide an appropriate surface abutting the enlarged concrete barrier. The
excavations will be performed according to approved ground control plans.

Following completion of the roof excavation for the enlarged barrier, the floor wiil be
excavated. If mechanical means are not available, drilling boreholes and using an expansive
agent to fragment the rock (Fernandez et al., 1989) is a method that can be used. Expansive
agents would load the rock salt and anhydrite, producing localized tensile fracturing in a
controlled manner, to produce a sound surface.

A batch plant at the surface or underground will be prepared for batching, mixing, and
delivering the concrete to the underground in sufficient quantity to complete placement of the
concrete within one form cell. The placement of concrete will be continuous until
completion, with a target time for completing one section of 8 to 10 hours, allowing an

additional 2 hours for cleanup of equipment.

Pumping equipment suitable for placing the concrete into the forms will be provided at the
main concrete barrier location. After transporting, and prior to pumping, the concrete will be
remixed to compensate for segregation of aggregate during transport. Batch concrete will be
checked at the surface at the time of mixing and again at the point of transfer to the pump for
slump and temperature. Admixtures may be added at the remix stage in accordance with the

batch design.
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4.0 Design Calculations

Table 4-1 summarizes calculations to support the construction details for an explosion-
isolation wall, construction-isolation wall, and structural stee! formwork for concrete barriers
up to a 29-ft high. The codes for the explosion-isolation and construction-isolation wall are
specified by the Uniform Building Code (International Conference of Building Officials,
1994), with related seismic design requirements. The external loads for the solid block wall
are as developed in the methane-explosion and fracture propagation design evaluations.

Table 4-1
Constructability Design Calculations Index

Section Design Area Category
1.0 Explosion-isolation wall w
2.0 Explosion-isolation wall seismic check s
3.0 Formwork design F

The structural formwork for all cells is designed in accordance with the AISC guidelines on
allowable stress (AISC, 1989). Lateral pressures are developed using ACI 347R-88, using a
standard concrete weighing 150 pounds per cubic foot (2,410 kglm3) with a slump of 8 inches
(20 cm) or less. Design loadings reflect full hydrostatic head of concrete, with lifts spaced at
4 ft (1.2 m) intervals from bottom to top through portals, with no external vibration. All

forms will remain in place.
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5.0 Technical Specifications

The specifications are in the engineering file room at the WIPP and are the property of

Westinghouse WID. These specifications are included as an attachment in Appendix G and

summarized in Table 5-1.

Table 5-1

Technical Specifications for the WIPP Panel-Closure System

br

Division 1 - General Requirements

Section 01010

Summary of Work

Section 01090

Reference Standards

Section 01400

Contractor Quality Control

Section 01600

Material and Equipment

Division 2 - Site Work

Section 02010

Mobilization and Demobilization

Section 02222

Excavation

Section 02722

Grouting

Division 3 - Concrete

Section 03100

Concrete Formwork

Section 03300

Cast-in-Place Cohcrete

Division 4 - Masonry

Section 04100

Mortar

Section 04300

Unit Masonry System
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6.0 Drawings

The drawings (Appendix H) are in the engineering file room at the WIPP and are the property
of the Westinghouse WID and summarized in Table 6-1.

Table 6-1
Panel-Closure System Drawings

Drawing Number Title
762447-E1 Title Sheet
762447-E2 Underground Waste Disposal Plan
762447-E3 Air Intake Drift Construction Details
762447-E4 Air Exhaust Drift Construction Details
762447-E5 Construction and Explosion Barrier Construction Details
762447-E6 Grouting and Miscellaneous Details
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7.0 Conclusions

This chapter presents the conclusions for the detailed design activities of the panel-closure
system. A design basis, including the operational requirements, the structural and material
requirements, and the construction requirements, was developed that addresses the governing
regulations for the panel-closure system. Table 7-1 summarizes the design basis for the
panel-closure system and the compliance with the design basis. The panel-closure system
design incorporates mitigative measures to address the treatment of fractures and therefore
counter the potential migration of VOCs. Several alternatives were evaluated for the
treatment of fractures. These included excavation and emplacement of a fully enlarged
barrier with removal of the DRZ, excavation of the roof and emplacement of a partially
enlarged barrier, and emplacement of a standard barrier with formation grouting.

To investigate several key design issues and to implement the design, design evaluations were
performed. These design evaluations can be divided into evaluations satisfying the
operational requirements of the system and evaluations satisfying the structural and materials
requirements of the system. The conclusions reached from the evaluations addressing the

operational requirements are as follows:

¢ Based on an air-flow model used to predict the mass flow rate of carbon
tetrachloride through the panel-closure system for the alternatives, the air-flow
analysis suggests that the fully enlarged barrier is the most protective for
restricting VOCs during the operational period of 35 years.

¢ Resuits of the FLAC analyses show that the recommended enlarged
configuration is a circular rib-segment excavated to Clay G and under MB 139.
Interface grouting would be performed at the upper boundary of the concrete
barrier.

s The results of the transverse plane-strain models show that high stresses would
form in MB 139 following excavation, but that after installation of the panel-
closure system, an increase in barrier-confining stress and a reduction in shear
stress would result. The concrete barrier would provide substantial uniform
confining stresses as the barrier is subjected to secondary salt creep.

o The removal of the fractured salt prior to installation of the main concrete barrier
would reduce the potential for flexure. With the removal of MB 139, the
fractured salt stiffens the surrounding rock and results in the development of
more uniform compression.
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Table 7-1

Compliance of the Design with the Design Requirements

Type of
Requirement

Requirement

schedule of actual waste emplacement.

Section

Compliance with
Requirerment

Notes on Compliance

Operational individual panels shall be closed in accordance with the 2141 Complies Gas-flow models used for dasign are

based on the waste-emplacement
operational schedule.

The panel-closure system shall provide assurance that the limit | 2.1.1, Complies Gas-flow modeling shows that the VOC
for the migration of volatile organic compounds (VOC) of 21.2 flow is less than the design migration
concern will be met at the point of compliance. To achieve this fimit.
assurance, the design shall consider the potential flow of YOCs
through the several components of the disturbed rock zone and
the panel-closure system.
The panel-closure system shail comply with its intended 2.1.2, Complies Stress analyses and design calculations
functional requirements under loads generated from creep 4.0 show that the panel-closure system
closure and any internal pressure that might develop in the performs as intended.
disposal panel under reasonably anticipated conditions.
The panel-closure system shall comply with its intended 223, Complies The methane explosion studies, fracture
functional requirements under a postulated methane explosion. 2.2.4, propagation studies, and supporting

4.0 design calculations show that the panel-

closure system parforms as intended,
The operational life of the panel-closure system shall be at 2141 Compilies Gas-flow modeling and analyses shows
least 35 years. satisfactory performance for at least
35 years.

The panel-closure system for each individuat pane! shall not 3.2 Complies Passive design components require no
raquire routine maintenance during its operational life. routine maintenance.
The panel-closure system shall address the most severe 2.1.1 Complies Design ts based upon flow and structural
ground conditions expected in the pane! entries. If actual 213 analyses for the most severe expected
conditions are found to be more favorable, this design can be 3.2 ground conditions. If conditions are less

simplified and stilt satisfy.the operational requirements of the
system. ' e

vy

severe, simpler design options are used.
The varigus design options accommodate
all expected conditions.




DESEAAIM/AM/S6-01/TY

€-L

wd£5:7 96/60/10 00°00°SO+0 LIHTOL

Table 7-1 (Continued)
Compliance of Design with the Design Requirements

Type of

Compliance with

Reguirement Requirement Section Requirement Notes on Compliance

Design The panel-closure system shall be emplaced in the air-intake 3.2 Complies The design shows ptacement in the

configuration and and air-exhaust drifts identified by Westinghouse {1995c) designated areas for panel closure.

essential features
The panel-closure system shall consist of a concrete barrier 3.2, Complies The panel-closure system design uses
and construction-isclation and explosion-isolation walls with 33 the identified components with
dimensions to satisfy the operational requirements of the dimensions to safisfy the operational
system. requirements of the system.

Safely The design class for the panel-closure system shall be b, 34 Complies Components are designed according to
Design and construction shall follow conventional mining and Class lllb, The construction sequence
construction praclices. for the design followed conventional

mining practices.
The structural analysis for the underground shall use the 21.2 Complies The structural analysis uses properties
empirical data acquired from the WIPP Excavation Effects that model creep closure for stress
Pragram. analyses from data acquired in the WIPP
Excavation Effects Program. !
i

Structural and The panel-closure system materials shall be compalible with 2.2.1 Complies The material compatibility studies showed

material their emptacement environment and function. Surface no degradation of materiais and no need
treatment between the host rock and the panel-closure system for surface treatment.
shall be considered in the design.

The setection and placement of concrete in the concrete barrier | 2.2.2 Complies The heat generation studies show that

shall address potential thermal cracking due to the heat of hydration temperatures are controlled by

hydration, appropriate selection of cement typs and
ptacement temperature.

The panel-closure system shall sustain the dynamic pressure 223, Complies The methane explosion study shows that

and subsequent temperature generated by a postulated 224, the explosion-isotation wall protects the

methane explosion. 40 concrete barrier from pressure joading

and thermal loading. The fracture
propagation study shows that the system
performs as intended.
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Table 7-1 (Continued)
Compliance of Design with the Design Requirements

Type of Compliance with
Requirement Requirement Section Regquirement Notes on Compliance i
T ——————
Construction The panel-closure system shall use to the extent possible 34 Complies The specifications Include normal
normal construction practices according to existing standards. construction practices used in the
underground at WIPP and according to
the most current steel and concrete

specifications.
During construction of the panel-closure system, a quality 34 Complies The specifications include materials
assurance/quality control program shall be established to verify testing to verify material properties and
material properties and construction practices. construction practices.
The construction specification shall take into account the shaft 3.4 Complies The specifications allow construction
and underground access capacities and services for materials within the capacities of underground
handling. access.




The trade-off study also showed that a panel-closure system with an enlarged
concrete barrier with the removal of the fractured salt roof and anhydrite in the
floor was found to be the most protective.

The conclusions reached from the design evaluations addressing the structural and material

requirements of the panel-closure system are as follows:

Existing information on the heat of hydration of the concrete supports placing
concrete with a low cement content to reduce the temperature rise associated
with hydration. The slump at the required strength would be achieved through
the use of plasticizers. A thermal analysis coupled with a salt creep analysis
suggest installation of the enlarged barrier at or below ambient temperatures to
adequately control hydration temperatures.

In addition to installation at or below ambient temperatures, the concrete used in
the main concrete barrier would exhibit the following:

~ An 8 inch (0.2 meter) slump after 3 hours of intermittent mixing

— A less-than-25-degree Fahrenheit heat rise prior to installation

— An unconfined compressive strength of 4,000 psi (28 MPa) after 28 days
—  Volume stability

—  Minimal entrained air.

The trace amounts of brine from the salt at the repository horizon should not
degrade the main concrete barrier for at least 35 years.

In 20 years, the open passage above the waste stack would be reduced in size.
Further, rooms with bulkheads at each end would be isolated in the panel. It is
unlikely that a long passage with an open geometry would exist; therefore, the
dynamic analysis considered a deflagration with a peak explosive pressure of
240 psi (1.7 MPa).

The heat-transfer analysis shows that elevated temperatures would occur within
the salt and the explosion-isolation wall; however, the elevated temperatures will
be isolated by the panel-closure system. Temperature gradients will not
significantly affect the stability of the wall.

The fractures in the roof and floor could be affected by expanding gas products
reaching pressures of the order of 240 psi (1.7 MPa). Because the peak internal
pressure from the deflagration is only one fifth of the pressure, fractures could
not propagate beyond the wall.

The design options to satisfy the design requirements for the panel-closure system include

(1) a standard barrier, rectangular in shape, or (2) an enlarged concrete barrier, approximately
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spherical in shape. Options (1) and (2) will be grouted at the interface and may contain
explosion- or construction-isolation walls.

The design provides flexibility to satisfy the design migration limit for the flow of VOCs out
of the panels. An enlarged concrete barrier would be selected where the air-intake and air-
exhaust drifts have aged and where there is fracturing resulting in significant flow of VOCs.
These conditions apply to the most severe ground conditions in the air-intake and air-exhaust
drifts of Panel 1. If ground conditions are more favorable, such as might be the case for
future panel entries, the design can be simplified to a standard concrete barrier rectangular in
shape, with a construction isolation wall. GPR and observation boreholes are available for
detecting the location and extent of fractures in the DRZ. These methods will be used to
select the optimum location and appropriate panel-closure system.

The design is presented in this report as a series of calculations, engineering drawings, and
technical performance specifications. The drawings illustrate the construction details for the
system. The technical performance specifications cover the general requirements of the
system, site work, concrete, and masonry. Information on the proposed construction method
is also presented.

The design complies with all aspects of the design basis established for the WIPP panel-
closure system. The design can be constructed in the underground environment with no
special requirements at the WIPP.
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