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8, 
I Executive Summary 
LA4 

P The Waste Isolation Pilot Plant (WIPP), a U.S. Department of Energy (DOE) research facility 

d 
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 

F1 (ft) (655 meters [m]) below the surface in bedded salt. The WIPP facility includes a northern 

u& 
experimental area, a shaft pillar area, and a waste disposal area. The waste disposal area is 
comprised of panels, each of which consists of seven rooms and two access panel entries 
(Figure ES-1). 

Following completion of waste emplacement in each panel, ventilation will be established in 
the next panel to be used, and the panel containing the waste will be closed. The DOE wiU 
seek New Mexico Environment Department (NMED) approval for "partial closure" of each of 
the panels as they are sequentially filled with waste on a panel-by-panel basis. Partial closure 
is the process of rendering a part of the underground repository inactive and closed according 
to the approved facility closure plan. 

The plan covers administrative procedures deemed necessary by the U.S. Environmental 
Protection Agency (EPA) to provide assurance that individual panel closures are being 
achieved according to the New Mexico Administrative Code (NMAC) Resource Conservation 
and Recovery Act (RCRA) permit and as a condition of this permit. The partial closure plan 
will address requirements for future monitoring that are deemed necessary for the postclosure 
period. 

A review of existing literature on panel closure systems, including the applicable design 
criteria for closure systems during the anticipated operational life of the facility of 35 years, 
was conducted. The literature review included panel barrier concepts and field testing as 
developed by the Office of Nuclear Waste Isolation (ONWI) high-level waste program, the 
Sandia National LaboratoriesNew Mexico (SNLMM) WIPP repository sealing program, and 
other panel barrier concepts. This information was reviewed because of its application to 
demonstrating compliance to health-based levels of Land Disposal Restricted volatile organic 
compounds (VOC) during underground operations. The results of the literature review are 
presented to summarize previous panel barrier designs and their application to WKPP. In 
addition, information is presented on the disturbed rock zone (DRZ) (i.e., information on its 
extent and permeability enhancement), on potential fracturing of the anhydrite MB 139, and 
on interface zone properties directly relevant to developing a conceptual design for panel 
closure systems. 

This report considers engineering designs such that the closure system for closed panels other 
than the active emplacement panel(s) will prevent migration of constituents in concentrations 
above health-based levels beyond the WIPP land withdrawal boundary. The analysis 
considers plans for sequencing of waste emplacement operations for the individual closures 
for ten equivalent panels during-the 35 year operational/closure period. Two models were 
prepared to evaluate the flow rate of VOCs out of the closed panels. One model evaluated 
unrestricted flow. Another model evaluated restricted flow through a barrier system. The 
analysis shows that for the expected gas generation rate of 8,200 moles per panel per year 
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Surface and Underground Layout of the WlPP Facility 



(0.1 moles per drum per ear) due to microbial degradation, the expected volumetric closure K rate of 28,250 fi3 (800 m ) per year due to salt creep, the expected headspace concentration 
for a series of nine VOCs, the expected air dispersion from the exhaust shaft to the land 
withdrawal boundary, and the panel barrier system would limit the concentration of each 
VOC at the land withdrawal boundary to a small fraction of the health-based level during the 
operational period. 

This report supports the partial closure plans by describing a conceptual engineering design 
that would prevent the migration of hazardous constituents from closed panels during the 
operationaVclosure period. Consideration of the aforementioned factors suggest that the panel 
barrier system consisting of a rigid concrete plug with selected pressure-grouting of the DRZ 
to reduce void zones would provide the required performance. This system is illustrated in 
Figure ES-2. The system would consist of a rigid concrete plug with a conventional grout 
curtain to restrict flow through void spaces in the DRZ and at the barrier interface as 
illustrated in Figure ES-2. No other special requirements for engineered components beyond 
the normal requirements for fire suppression, and methane explosion or deflagration 
containment exist for the panel barrier system during the operational period. 

A technology assessment was conducted for the panel closure system. In applying the 
technology assessment, it was concluded that technologies are available for emplacing 
bulkheads, backfill, and grout curtains. Certain aspects of the site-specific design of panel 
barriers would need to be reviewed following the results of site-specific ground penetrating 
radar surveys and exploratory drilling investigations. 

It is recommended that the design concept selected based upon the preliminary analysis be 
evaluated in future detailed design studies. These design studies will consider more advanced 
air-flow analyses of the migration of contaminants through barriers, the MB 139, and the 
DRZ surrounding the panel entry. More detailed structural analyses will be performed to 
account for air pressure loading and to assess the extent and recovery of the DRZ. 
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1.7 Purpose and Scope of the Report 
The Waste Isolation Pilot Plant (WPP), 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 [m]) below the surface in the Salado Formation. The WIPP facility consists 

of a northern experimental area, a shaft-pillar area, and a waste disposal area. 

One important aspect of future repository operations is the activities associated with closure 

of waste-storage panels. Each panel consists of seven rooms and two access panel entries. 

After completion of waste-emplacement activities in these entries, the fully emplaced panel 

will be closed while waste is being emplaced in the active operational panel(s). The closure 

of individual panels during the operational period will be conducted for compliance with 

health, safety, and environmental protection performance criteria established for the project. 

This report provides information on existing literature regarding panel closure systems relative 

to the operational period of the WlPP and presents a conceptual design for panel closure 

systems. The literature review includes the applicable design criteria for closure systems 

during the anticipated operational life of 35 years. Because one method of achieving panel 

closure is constructing barriers, this report reviews sealing or bamer concepts developed as 

part of long-term waste isolation for the Office of Nuclear Waste Isolation (ONWI) 

Repository Sealing Project and the current concepts developed for the Sandia National 

LaboratoriesLNew Mexico (SNWNM) WIPP Repository Sealing Project. Because flow 

through the panel closure system could occur through the disturbed rock zone (DRZ) 
surrounding the panel entries, this report presents information on this zone. 

To receive a no-migration variance, WIPP must determine that there will be no migration of 

hazardous constituents in concentrations above health-based levels beyond the land 

withdrawal boundary. Until final closure (shaft seal certif~cation), the panel closure system 

will act as an engineered barrier for limiting releases of hazardous constituents. 

1.2 Application to Detailed. Design 
The conceptual design selected in this report, based upon the preliminary analysis contained 

herein, will be evaluated in future detailed design studies. For panel barriers, these design 



studies will consider more advanced analyses of the migration of contaminants through 

barriers, clay seams, the anhydrite marker bed (MB 139), and the DRZ surrounding the panel 

entries, as well as methods for treatment of the DRZ. More detailed structural analyses will 

be performed to account for air-pressure loading and to assess the extent and recovery of the 

DRZ. 

1.3 Coordination with Partial Closure Plan@) Under the New Mexico 
Administrative Code 

The state of New Mexico, through the New Mexico Administrative Code (NMAC), Title 20, 

Section 4.1, implements the requirements of the Resource Conservation and Recovery Act 

(RCRA). The closure of individual panels will be according to 20 NMAC 4.1, Subpart V, 

which governs the management and operation of hazardous waste systems. The regulations 

require preparation and approval of individual RCRA partial closure plans that identify the 

steps necessary to perform partial closure. The partial closure plans will present a description 

of closure activities, an estimate of the inventory of hazardous wastes within each panel, and 

a schedule for closure and certification of closure. The plan will also cover administrative 

procedures deemed necessary by the New Mexico Environment Department (NMED) to 

provide assurance that individual panel closures are being achieved according to the 

conditions of the hazardous waste permit. 

This report supports the partial closure plans by describing the components and activities that, 

through engineering design, would provide a "structurally" stable system that would limit 

leakage of hazardous constituents. 

1.4 Organization of the Report 
Chapter 2.0 presents a literature review of the applicable design criteria to panel closure 

systems. Chapter 3.0 presents a literature review of previous design concepts applied to drift 

and panel-closure systems from previous design studies in salt. Chapter 4.0 presents design 

considerations for passive panel-closure systems. This includes migration mechanisms, the 

source of VOCs, VOC migration limits, and the structural safety banier for the panel banier 

system. Also, it includes a gas-flow model for restricting VOCs during the WIPP operational 

period. Chapter 5.0 presents detailed description of the conceptual design. It also presents a 

brief discussion on available technologies for construction of the panel closure systems. 

Chapter 6.0 presents conclusions and recommendations for future design work. 



2.0 Applicable Design Criteria for Panel Closure Systems 

This chapter summarizes the regulations that apply to the engineering design of panel closure 

systems that may affect the design of these systems. This information is presented in the 

Underground Hazardous Waste Management Unit Closure Criteria for the Waste Isolation 

Pilot Plant Operational Period (Westinghouse, 1995). 

2.1 Applicable Regulations 
Applicable regulations include the requirements for partial closure of hazardous waste 

management units under RCRA (Title 40, Code of Federal Regulations [CFR], Part 264 

[40 CFR 264]), Part 268 [40 CFR 2681, and the NMED implementing regulations (20 NMAC ' 

4.1, Subpart V), various DOE orders, and radiation exposure to as low as reasonably 

achievable (ALARA) limits. Also, they include mine health and safety regulations for metal 

and nonmetal mines. 

2.1.1 Partial Closure of Hazardous Waste Management Units 
Waste containers will be emplaced in eight panels and panel accessways. The panel 

accessways are equivalent in capacity to two panels. Each panel equivalent will hold a 

volume equivalent to approximately 81,000 drums of waste. The DOE will seek approval for 

"partial closure" of each of the eight individual panels as they are sequentially filled with 

waste on a panel-by-panel basis. Partial closure is the process of rendering a part of the 

underground repository inactive and closed according to the approved facility closure plans. 

The requirements of 20 NMAC 4.1, Subpart V, $264.103@) state that: 

"The owner or operator must complete partial and final closure activities 
in accordance with the approved closure plan and within I80 days afer 
receiving the final volume of hazardous wastes, or the final volume of 
non-hazardous waste. . . ." 

Partial closure will be considered complete when the panel-closure system is emplaced and 

operational and when the NMED has approved the closure. Final closure of the facility will 

occur when the remaining panels are closed, when the underground facility and related 

equipment and structures have been decontaminated (if necessary), and when the shaft seals 

have been emplaced. 



Subpart X of 40 CFR 264 (EPA, 1994) includes the requirements that are applicable to the 

disposal of hazardous waste in miscellaneous units. Because the WIPP underground 

management units are categorized as miscellaneous units, the no-migration standards set forth 

in 20 NMAC 4.1, Subpart V, §264.601(~)(1) and (2), are applicable: 

"Prevention of any release that may have adverse efects on human 
health or the environment due to the migration of waste constituents in 
the air, considering: 

( I )  the volume and physical and chemical characteristics of the waste in the 
unit, including its potential for the emission and dispersal of gases, aerosols, 
and particulates; 

(2) the efectiveness and reliability of systems and structures to reduce or 
prevent emissions of hazardous constituents to the air. . . . " 

In accordance with 40 CFR 268.6, the DOE must demonstrate that hazardous constituents will 

not migrate beyond the unit boundary in concentrations exceeding health-based levels. The 

unit boundary for disposal operations and the closure period will be the 16-section land 

withdrawal boundary. During the operational period, the only credible pathway for the 

migration of hazardous constituents from the disposal unit is by airborne transport of VOCs 

(DOE, 1990). For the land-disposal restricted hazardous VOC constituents in the WIPP 

inventory, "migration" is the movement of the constituent across the land withdrawal 

boundary at concentrations above the health-based levels in air for that constituent. The list 

of land-disposal restricted VOC constituents in the WIPP inventory that make up 99 percent 

of the health-based risk, and their health-based levels is shown in Table 2-1. 

The closure-system design will consider the volumetric reduction of the closed area due to 

creep closure, expected pressures resulting from gas generation, differential pressures across 

the closure system induced by the repository ventilation system, and diffusion of VOCs 

through the closure system (Westinghouse, 1995). Closure performance standards, as cited 

from 20 NMAC 4.1, Subpart V, $264.11 1, require that: 

"The owner or operator shall close the facility in a manner that: 

(a) Minimizes the need for further maintenance; and 



Table 2-1 
Land-Disposal Restricted VOCs in the WlPP Inventory 

and their Health-Based Levels for Air 
(After Westinghouse [I 9951) 

(b) Controls, minimizes or eliminates, to the extent necessary to protect 
human health and the environment, post-closure escape of hazardous waste, 
hazardous constituents, . . . or hazardous waste decomposition 
products . . . to the atmosphere." 

Compound 

Carbon disulfide 

Carbon tetrachloride 

C hlorobenzene 
Chloroform 
1 ,l -Dichloroethylene 
Methyl ethyl ketone 

Methylene chloride 
1 ,I ,2,2-Tetrachloroethane 
Toluene 

The release of VOCs across any single barrier, in aggregate with the contribution from all 

other barriers and waste placement activity in the underground, shall comply with health- 

based levels during the operational period of the facility. The no-migration standard will 

apply to all closed hazardous waste management units (HWMU) or closed panels. 

Concentrations of VOCs migrating from these areas will not exceed 10 percent of the health- 

based level at the land withdrawal boundary. The operational period is planned to be 

complete 25 years after waste disposal begins, and final closure is planned to occur within ten 

years of disposal completion (Westinghouse, 1995). 

Health-Based Level for Air 
(%dm3) 
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20.0 
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If any control devices are considered an integral part of the closure system, the 

U.S. Environmental Protection Agency P A )  has given guidance for the determination of 



adequacy of such control devices in their Land Disposal Restrictions "No-Migration" 

Variances, Proposed Rule, Federal Register, Tuesday, August 11, 1992 (57FR35940), as: 

"To document that a control device achieves this performance level, the 
owner or operator would be required to use either detailed design 
specifications for the control device or results of control device 
perfonnance testing." 

2.1.2 Nuclear Safety Analysis Reports (DOE Order 5480.23) 
DOE Order 5480.23 established uniform requirements for the preparation and review of safety 

analyses of operations, including hazards identification, risk assessment, and operations 

documentation. The order requires that a closure system safety analysis must be included in , 
the WIPP Safety Analysis Report. 

2.1.3 Safety Standards for Methane in Metal and Nonmetal Mines (30 CFR 57) 
The WIPP facility is considered a nonmetal mine and complies with parts of 30 CFR 
specified in the memorandum of understanding (MOU) with the U.S. Department of Labor 

(DOL) and DOE. These regulations include the hazards of methane gas and dust containing 

volatile matter. There are no implications for the closure system above and beyond standard 

WIPP operating practices. 

For "seals and stoppings," the regulations provide for the use of noncombustible materials 

(where appropriate) for the specific mine category and that seals and stoppings be of 

substantial construction. Substantial construction is construction of such strength, material, 

and workmanship that the seal or stoppings could withstand air blasts, methane detonation or 

deflagration, blasting shock, and ground movement expected in the mining environment. 

2.2 Design Basis for Panel Closure Systems During the Operational Period 
The following sections describe the design basis for panel closure systems during the WIPP 
operational period. 

2.2.1 VOC Contaminant Migration Through Panel Barriers 
For volatile hazardous waste constituents, the significant design requirement for panel closure 

systems will be to restrict the migration mass flow rate of VOCs to the extent that the 

no-migration standard (i.e., to meet appropriate health-based levels) are met at the unit 

boundary during the operation closure period, which is expected to last 35 years. The 



releases from VOCs will not exceed 10 percent of the health-based level concentrations at the 

land withdrawal boundary. 

2.2.2 Fire Suppression 
The placement of a barrier and other closure operations must be performed in such a manner 

to suppress the potential for fires within the waste emplacement areas. 

In conclusion, the requirements for fire suppression are easily satisfied by constructing 

noncombustible barriers of substantial construction using current WIPP design practices. The 

migration of VOCs may require an engineered panel closure system to comply with 

health-based levels, as discussed subsequently in this report. 



3.0 Design Base 

Much effort has been spent on the conceptualization and design of shaft- and drift-seal 

systems and panel-seal or closure systems for the WIPP site and for other candidate 

repositories in bedded salt. Most of this work focused on the design of seals to meet 

long-term performance standards, specifically the long-term reduction of waste contaminant 

migration through brine or gas flow. Design issues related to the short-term operational 

period performance at the WIPP have only been recently considered (Van Sambeek et al., 

1993a; Hansen et al., 1993). The discussion below presents a literature review of published 

seal and closure system designs in salt to show previous work performed and to present 

design components of these existing designs that could be utilized in an operational period I 

panel closure system design. Also, a discussion of ground conditions around excavations in 

the WIPP underground is included, as well as a discussion of the DRZ and fracture 

mechanisms and their effects on panel seal or closure systems. 

3.1 Literature Re view 
The following is a literature review of panel and drift closure system conceptual designs. 

Conceptual designs generated for the ONWI program and various historical seal and closure 

system designs for the WIPP site are presented. 

3.1.1 ONWI Panel Seal Design Concepts for High-Level Repository in Salt 
The ONWI wrote several reports that describe conceptual designs for penetration seals for 

possible National Waste Terminal Storage repository sites in salt (Kelsall et al., 1982; 1983; 

1984). Some designs are referenced to the stratigraphy and hydrology of the Permian salt 

deposits in southeastern New Mexico (Kelsall et al., 1982). 

In the proposed shaft and tunnel seal system, two basic types'of seal components were 

required, bulkheads and backfill. Figure 3-1 illustrates the use of bulkheads for short-term 

performance and backfills for long-term performance as the basic components in the shaft- 

and tunnel-seal system. Some bacS1ling components would be placed for radionuclide 

retardation, while other components would provide structural support. 

The bulkheads were designed to tie low-permeability seal components interspersed with 

sections of backfdl in both the shafts and access tunnels. Their primary function is to limit 

groundwater flow internally within the seals and through the seal-rock interface and the DRZ. 
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grout or a bentonite-based slurry was to be used between the bricks and at the roof to ensure 

an adequate seal (Stormont, 1984). 

A core of bentonite or a bentonite-based mix was located at the center of this initial 

multicomponent seal design. The bentonite was to be used because of its low hydraulic 

conductivity (from swelling upon contact with water) and its ability to retain certain 

radionuclides, making it both a fluid and chemical barrier. This initial drift and panel-access 

seal was designed primarily as a water or brine barrier. Gas generation and gas flow through 

the seal system had not been seriously considered at the time this seal was designed. Also, 

the DRZ was not given full consideration in this initial conceptual seal design. 

I 

This conceptual design was refined through a combination of office, laboratory, and field 

studies. In 1988, Stormont presented the initial seal system design for panel-access drifts 

(Stormont, 1988). Crushed salt and salt bricks, bentonite, grouts and concretes, and asphalt 

were investigated as possible seal-component materials. In this design, crushed compacted 

salt and compacted salt bricks were again to be used as long-term seal components. 

Consolidation of the salt by creep closure of the drift would decrease the permeability of the 

salt over a period of several hundred years until it would finally reach the permeability of 

intact salt (lo-" m2). 

Bentonite was again viewed as an integral component of the seal to reduce waterbrine flow 

across the seal system during the time that the salt coinponent was consolidating. Pure 

bentonite or mixtures of bentonite and crushed salt were considered as candidate materials for 

panel-access seals. 

Also, grouts and concretes were considered for panel-access seals, as well as for shaft and 

borehole seals. Cementitious grout was also considered for grouting fractures in the host rock 

(in the DRZ) around the proposed seal location. Fracture grouting had been used in other 

underground locations to control inflow to shafts and to establish concrete seals in shafts and 

drifts and with dams (Stormont, 1988). However, Stormont also indicated that rock fracture 

grouting may be detrimental in some instances. For example, fractures may propagate from 

injection pressures during the grouting process. This could increase the permeability and 

extent of the DRZ. Stormont recognized that to avoid the propagation of the DRZ due to 

grouting, a method of providing a load reaction, such as a stiff bulkhead, was needed. 



Stormont (1988) investigated the use of concrete as a seal material and found that concrete 

had been used previously as a seal material in many mining industry applications. The single 

consistent conclusion Stormont made from the historical experience of concrete seals was that 

concrete itself is relatively impermeable and that observed leakage across a concrete seal is 

predominantly attributable to the concretelrock interface zone and the near-field rock. 

Probable causes for flow at the interface were concrete shrinkage, poor rock quality, and 

interaction between the concrete structure and the host rock. Stormont indicated that in halite, 

creep of the adjacent host rock may result in a tight rocWconcrete interface and little or no 

leakage. As discussed in Section 3.2.2, the SSSPTs conducted in the WIPP underground 

between 1985 and 1987 appear to verify this hypothesis (Peterson et al., 1987) by showing 

that the permeability of the horizontally placed small-scale seals decreased over time as the I 

interface stress increases. 

The revised primary panel access drift seal design presented by Stormont (1988) was a 

multicomponent seal system made up of crushed salt blocks, a crushed salt and bentonite 

mixture, and crushed salt (Figure 3-3). The center of the seal was crushed salt. This was the 

principal long-term seal component. (Long-term is defined here as fully effective after 100 

years, while short-term seals are effective for the period from emplacement to approximately 

100 years.) The access drift was overexcavated immediately prior to seal emplacement to 

remove much of the DRZ. A saltlbentonite mixture, in block form or pneumatically 

emplaced, was located on either side of the crushed salt core, which was the principal 

short-term seal component. This mixture was designed specifically to limit fluid flow rather 

than gas flow. h s s e d  salt blocks were the exterior components to confine the bentonite and 

to serve as a redundant long-term seal. 

Stormont (1988) presented a second design option that included concrete bulkheads or end 

caps on each side of the crushed salt core. The concrete would replace the salt/bentonite 

mixture or the salt blocks in Figure 3-3. The concrete functioned to provide confinement for 

the crushed salt or salt/bentonite seal component, as a short-term seal component, and as a 

rigid plug to heal the DRZ. Arguello and Tones (1987) showed by numerical modeling and 

analyses of concrete panel-seal components that as the concrete seal was loaded by the creep 

of the adjacent rock, tensile stresses that existed in the rock prior to seal emplacement (which 

indicated potential locations for fractures) disappeared and became compressive within five 

years after seal emplacement. Thus, a concrete component of a seal system was expected to 
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generate a stress field in the adjacent rock that was conducive to healing or tightening of the 

salt host rock. 

Nowak et al. (1990) presented a further revised panel-access drift seal design primarily based 

on Stormont's concrete bulkhead design described above. This conceptual design, presented 

in Figure 3-4, consisted of a consolidated crushed salt and crushed salt block core with 

concrete bulkheads on each end. Crushed salt was placed with an initial density equal to 

80 percent of the density of the intact WlPP salt. That initial state was achieved by pouring 

and tamping crushed salt to approximately half the height of the opening and laying 

preconsolidated salt blocks to the roof of the opening. Numerical analysis of the 

consolidation of the crushed salt seal between concrete bulkheads due to creep closure 

predicted that a 95 percent relative density would be reached within 100 years (Arguello, 

1988). At 95 percent relative density, the permeability of the consolidated crushed salt was 

assumed to be equal to the permeability of the intact, undisturbed salt (Lappin et al., 1989). 

3.1.2.2 Smatt-Scate Seal Performance Testing Program 
The SSSPT consisted of in situ experiments that utilized materials and geometries similar to 

the conceptual shaft and panel-seal designs presented by Stormont (1988) and Nowak et al., 

(1990) as discussed in Section 3.1.2.1. The small-scale seals were placed in holes oriented 

both vertically into the floor and horizontally into the walls. The primary objectives of the 

SSSPT Program (Stonnont, 1985; Finley and Tillerson, 1992) were: 

1. To determine in situ fluid flow performance for various seal systems, including 
evaluating flow paths, the difference between gas and brine permeabilities, and 
size effects 

2. To determine in situ mechanical performance of the host rock and seal 
materials, including material interfaces and size effects 

3. To assess seal-emplacement techniques 

4. To support the development of numerical predictive capabilities. 

The SSSPT seal system consisted of the seal, seahock interface, and the rock adjacent to the 

seal (including the DRZ). Table 3-1 summarizes the six series of tests that were performed, 

including a description of the primary seal material, orientation, and types of measurements 

made. Figure 3-5 shows generalized configurations for each test series. Each seal test 

consisted of an emplacement hole drilled either vertically or horizontally and an access hole 



Detail 'A" 

Plan - 
Detail 'B' / 

Excavation Tolerance 2 6" /--. 
s/ ' \ 

\ 

\ I 
/ 

\---- / 

Detail 'A' 

4 A  concrete 

Preconsolidated 
Salt 

Section A-A 

Salt Blocks 

Tamped Salt 

Detail 'B" 

Figure 3-4 
Drift and Panel Seal Plan, 

Elevation and Section 
(After Nowak et al., 1990) 



SSSPT-A SSSPT-6 (Plan View) 

1 SSSPT-C Phase 1 (Plan View) 

Measurements 

Blocks 
Emplacement 5096/50% SalVBentonire 1 Hole Block Core 

SSSPT-D Phase 1 

Measurements 

Salt Block Seal 

Expansive 

Access Hole 
for Fbw 

Measurernenls 

SSSPT-C Phase 2 (Plan View) 

Measurernenb 

~ i n ~ ~ a o e i e n t  IW Pr&ompacted %ti ~ b c k s  I Hole Bentonite Bbcks 

SSSPT-D Phase 2 

. 
Access Mk 

for Fbw 
Measurements 

100% Bentonite 4 

Figure 3-5 
Small-Scale Seal Performance Test (SSSPT) 

Generalized Test Configurations 
(After Finley and Tilerson, 1992) 



Table 3-1 
Small-Scale Seal Performance Test Series Description 

(modified from Finley and Tillerson, 1 992) 

drilled at an angle to intercept the bottom of the emplacement hole. The seal material, in 

some cases containing instrumentation, was emplaced over a predetermined interval in the 

emplacement hole (Finley and Tillerson, 1992). Brine or gas was placed below or behind the 

seal via the access hole, and the seal was pressurized for gas or brine-flow measurements 

using a packer system in the access hole. 

Test Series 

A 

B 
C 

Phase 1 

C 
Phase 2 

D 
Phase 1 

D 
Phase 2 

The results of the SSSPT (Finley and Tillerson, 1992) were: 

Seal 
Emplacement 
Orientation 

Vertical 

Horizontal 

Horizontal 

Horizontal 

Vertical 

Vertical 

Seal Material 

Salt-based concrete 

Salt-based concrete 

SaR and 50/50°h 
saltbentonite block 

Bentonite block 

SaR block 

Bentonite block 

Test Series A and B-The initial brine and gas flow effective seal bYbility across the expansive concrete seals was approximately 10-la to 10' m 
(Peterson et al., 1987). Primary flow across the seal system appeared to be 
through the seaUrock interface zone and, sometimes, along the interface of the 
seaVtest instrumentation bundle. A reduction in flow-path size, likely due to 
creep closure around the seal and closure of the sedrock interface, was observed 
by a decrease in tracer amval times measured within a year of seal emplacement 
(Peterson et al., 1987). Structural performance of the expansive concrete seals 
was satisfactory, as evidenced by the seals withstanding 1.8 megapascal (MPa) 
back pressure during brine flow testing (Stormont, 1987). The expansivity of the 
concrete provided sufficient interface pressure between the seal and the rock to 
limit fluid flow (Peterson et al., 1987). 

15 2 Test Series C. Phase 1-Effective seal permeability of l(ri4 to 10- m was 
measured across the salt and salthentonite block seal after about six months of 

Emplacement 
Date 

7/85 

2/86 

9/86 

12/90 

1/88 

9/89 

Measurements Taken 

Seal pressure; displacement and 
temperature; gas and brine flow 

Seal pressure; gas and brine flow 

Seal pressure; brine flow 

Seal pressure; brine flow 

Seal pressure; hole closure; floor 
heave; gas flow 

Seal pressure; brine flow 




















































































































































































