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ABSTRACT 

A review of alternatives to shallow land burial for disposal of low level 
radioactive waste was conducted to assist Oak Ridge National Laboratory in 
developing a program for the evaluation, selection, and demonstration of the 
most acceptable alternatives. The alternatives, identified were categorized as 
follows: 1) near term isolation concepts, 2) far term isolation concepts, 3) 
dispersion concepts, and 4) conversion concepts. Detailed descriptions of 
near term isolation concepts are provided. The descriptions include: 1) 
method of isolation, 2) waste forms that can be accommodated, 3) advantages 
and disadvantages, 4) facility and equipment requirements, 5) unusual 
operational or maintenance requirements, 6) information/technology development 
requirements, and 7) related investigations of the concept. 
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SECTION 1.0 
INTRODUCTION 

Low level radioactive waste (LLW) as used in this report is defined as waste 
with radioactivity concentrations high enough that exposures in excess of 
those specified in Title 10 Part 20 of the Code of Federal Regulations could 

I 
result if the waste is not properly isolated, but with concentrations low 
enough that heat generation is not a factor in its disposal. Wastes which 
satisfy this definition but have transuranic (TRU) contamination exceeding 
10 nCi/gm or which are residues of uranium mining and milling operations are 
classified as TRU waste and mine and mill tailings, respectively, and are not 
classified as LLW. 

LLW is generated by the commercial nuclear fuel cycle, defense related 
operations, and research and medical uses of radioisotopes. In this report, 
it will be assumed that the waste is in solid form unless indicated otherwise. 
The composition, isotopic content, and physical and chemical characteristics 
of the waste vary depending on its method of origin. However, for a major 
fraction of the LLW currently generated, the long-lived fission product 
radionuclides Sr-90 and Cs-137 (with half lives of approximately 30 years) 
control the isolation time required for the waste to decay to activity levels 
which are not considered hazardous. This results in an isolation period on 
the (.order of hundreds of years. 

o ' / 

The current practice used in attempting to achievi- thisiisolation period is 
burial of the waste in shallow trenches (see Section 3.1 for additional 
details). There are operating sites available for disposal of commercially 
generated LLW and LLW generated as a result of defense and other activities 
carri^ : ou by the U.S. Department of Energy (DOE). 

Major problems associated with the present disposal method include: 
1) leakage and overflow from burial trenches at some disposal sites; and 
2) exhaustion of available disposal capacity by the end of the century at 
existing sites. In addition, requirements imposed on wastecdisposal at both 
the state and Federal level are expected to,.become increasingly restrictive. 
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In order to identify, evaluate, and demonstrate potential solutions to present 
LLW management problems and alternatives to present practices, DOE and its 
contractors have formulated a comprehensive national LLW management program. 
The lead and associate lead contractors for carrying out this program are EG&G 
Idaho and Oak Ridge National Laboratory, respectively. The major objective of 
the national program is to develop safe and efficient LLW disposal methods. 
There are a number of supporting objectives one of which is to evaluate 
alternatives to shallow land burial for disposal of LLW and select and 
demonstrate the most acceptable alternatives. This report is the- result of a 
review performed to provide information to Oak Ridge National Laboratory for 
use in developing a program to carry out this objective. 

The review included: 1) the results of both past and present studies of LLW 
disposal methods; 2) future plans for such studi es; 3) published summaries and 
evaluations of alternative methods of waste disposal; and 4) relevant 
information from related activities, such as the high level waste (HLW) 
program. Sources consulted included the results of work performed in the 
United States as well as 'other countries with major nuclear programs. Reports 
issued by international nuclear organizations were also considered. 

Computerized literature searches were performed using RECON and the Shallow 
Land Burial Data Base of ORNL's Ecological Sciences Information Center (ESIC). 
In addition, literature received by ESIC, but not yet included in the computer 
files of the Shallow Land Burial Data Base, was manually searched. The U.S. 
Nuclear Regulatory Commission, U.S. Geological Survey, U.S. Environmental 
Protection Agency, International Atomic Energy Agency, Nuclear Energy Agency, 
and Canadian and Japanese electric utilities were contacted to determine what, 
if any, work was in progress relevant to this review that had not been 
publicly reported. 

The remaining sections of this report are organized as follows: 

Section 2.0 presents the alternatives identified during the review and 
categorizes each alternative into one of four categories: Isolation 
Concepts - Near Term, Isolation Concepts - Far Term, Dispersive Concepts, and 
Conversion Concepts. 
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Section 3.0 describes each alternative categorized as a near term isolation 
concept. The descriptions include: 1) method of isolation, 2) waste forms 
that can be accommodated, 3) advantages and disadvantages, 4) equipment and 
facility requirements, 5) unusual operational or maintenance requirements, 6) 
information/technology development requirements, and 7) related investigations 
of the alternative. 

Section 4.0 presents conclusions reached as a result of this review. 

Section 5.0 is a listing of the literature consulted during the review. 
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SECTION 2.0 
IDENTIFICATION AND CATALOGING OF ALTERNATIVES 

A brief description of the alternatives available for LLW disposal is 
presented in this section. These alternatives presented are based primarily 
on the concepts described in References 66 and 105. Each alternative 
identified was cataloged as follows: 

o Isolation Concepts - Near Term: alternatives for isolating wastes in an 
environmentally acceptable manner now available or achievable within 
20 years. 

o Isolation Concepts - Far Term: alternatives for isolating wastes from 
the biosphere that would require more than 20 years to implement because 
of technology development or information requirements. 

o Dispersive Concepts - alternatives in which wastes are diluted to low 
concentrations using air, water, or soil. 

o Conversion Concepts - alternatives in which wastes are converted to less 
hazardous forms. 

Each alternative .concept is explained briefly in this section. The near term 
isolation concepts are explained in more detail in Section 3.0. 

2.1 ISOLATION CONCEPTS - NEAR'TERM 

2.1.1 Upgrade of Shallow Land Burial Practices 

Present shallow land burial practices involve digging trenches 5 to 
8 meters deep, emplacing the waste and covering it with 1 to 
3 meters of fill. Techniques to cover and seal the trenches vary 
with custom, local climate, soil, and groundwater conditions. At a 
existing burial sites, an effort has been made to isolate the waste 
above the groundwater table. 
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Techniques that could upgrade shallow land burial practices include 
improvements in: site selection, disposal trench capping, trench 
design including use of impervious liners, operational and water 
management, and waste forms. In situ encapsulation of the buried 
wastes would also be an improved shallow burial technique. 

2.1.2 Intermediate Depth Burial 

The depth of burial trenches can be increased so that the waste is covered by 
10 to 20 meters of fill. At these depths, the waste will be above the water 
table only at relatively arid sites with depressed water tables. This 
alternative includes burial both above and below the water table. 

2.1.3 Disposal in Engineered Facilities 

Manmade structures can be engineered to store LLW. If they contain the waste 
for its hazardous life, they can be considered disposal methods. The 
structures can be above or below the ground surface and constructed of 
reinforced concrete or metal. These structures can be in the form of 
buildings or specialized containers. 

2.1.4 Disposal in Drilled Holes 

Established drilling techniques can provide a matrix of boreholes in an 
appropriate geologic medium. Waste packages would be emplaced in the holes 
until they reached a specified minimum distance from the surface; the holes 
would then be backfilled and sealed. The waste can be emplaced above or below 
the water table depending on the depth of the boreholes and site-specific 
conditions. 

2.1.5 Deep Well Injection 

Lenses of porous or fractured, subterranean material confined by impermeable 
geologic media lacking major faults may be suitable for deep wells. Liquid or 
partially solidifed wastes would be injected into'the available volume in the 
porous or fractured material and contained by the impermeable material. 
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2.1.6 Disposal in Hydrofractured Strata 

An impermeable geologic medium can be horizontally fractured by a fluid 
injected radially from an isolated interval within a borehole. The fluid 
usually contains an agent to keep the fracture open after the fracturing fluid 
is drained out. Liquid wastes or slurries would be mixed with a cement grout 
and pumped into the fracture where they would harden. 

2.1.7 Disposal in Cavities ! . 

Natural, conventionally mined, solution mined, and exploded cavities as well 
as abandoned mines may be used as repositories for wastes. Tunnels and room 
and pillar mines are included in this concept. 

2.1.8 Seabed Disposal 

! • 

Seabed disposal involves controlled emplacement of v&'ste packages in the 
sediment or rock below the ocean floor. Techniques include trenching, drilled 
holes, and projectile emplacement. 

2.2 ISOLATION CONCEPTS - FAR TERM 

2.2.1 Ice Sheet Disposal 

Continental ice sheets, such as in Greenland and Antarctica, could provide 
disposal sites for wastes. Containers would be placed in structures above the 
ice, on the ice surface, in drilled holes, or in burial sites. Anchored 
emplacement to restrict the waste to some minimum elevation in ;)he ice is also 
possible. 

2.2.2 Extraterrestrial Disposal 

Disposal beyond the earth's atmosphere, if successful, would provide the most 
complete isolation of waste from earth's biosphere. Waste material would be 



packaged into a rocket, or other suitable launch vehicle and transported off 
the earth. Several trajectories are possible: 

o Stable, earth orbit about 150,000 km in radius 
o Transport to the sun 
o Solar orbit 
o Solar system escape 

2.2.3 Subduction Zone Disposal 

Waste can be emplaced at locations where an oceanic plate underthrusts a 
continental plate (i.e., subduction 2ones). The concept assumes that the 
waste containers would be transported into the earth's lower crust by the 
underthrusting, which is estimated to take one to ten million years (66). 
This concept would be a specialized type of seabed disposal. 

2.2.4 Subcrustal Disposal 11 

Wastes could be injected into molten magma within the earth's upper mantle. 
/ 

Wastes would be injected through partially or fully cased holes from either 
land surfaces or ocean basins above known, shallow, magma chambers. 

2.3 DISPERSIVE CONCEPTS 

2.3.1 Releases to the Atmosphere 

Wastes can be released at: 1) low elevations through stacks, 2) intermediate 
elevations from airplanes or balloons, and 3) high elevations from rockets. 
Gaseous wastes or those that can be converted to a vapor state are most 
suitable for these types of disposal. 

Stacks have0been used extensively to dilute and disperse wastes. Incinerator 
off-gases and ventilation-system air'are especially suitable stack releases. 



Releases from airplanes or balloons could be from containers on these 
vehicles. Continuous release from a balloon via a hollow tether is another 
possibility. 

Rocket dispersal could involve either a disposable or recoverable vehicle that 
releases wastes about 10 km or higher. Dispersal of wastes from a rocket 
would be over thousands of square kilometers rather than tens of square 
kilometers as with stack dispersal. 

2.3.2 Direct Releases to Bodies of Water 

Seas, rivers, and lakes can be used to disperse and dilute liquid wastes. 

2.3.3 Soil Mixing 

Soil has been used in the past to disperse and dilute wastes. This 
alternative distributes wastes i'/ito the soil by deep plowing or by using 
leaching ponds. 

2.3.4 Ocean Dumping 

Packaged wastes could be dumped into the ocean without controlled emplacement. 
Although waste containers would be expected to remain intact for some time 
after dumping, this alternative is considered to be dispersive, because, 
eventually, the waste in the containers would be released for dilution and 
dispersal. 

2.4 CONVERSION CONCEPTS 

2.4.1 Transmutation 

A nuclide could absorb or emit radiation and, thereby, be changed (transmuted) 
into another nuclide. For waste disposal, long lived radionuclides would be 
converted to shorter lived ones which would require a significantly shorter 
isolation period. They would be converted by bombarding them with photons or 
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appropriate subatomic particles from sources such as fission reactors, fusion 
reactors, accelerators, or nuclear weapons tests. 
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SECTION 3.0 
DESCRIPTION AND CURRENT STATUS OF 

NEAR TERM ISOLATION CONCEPTS 

More detailed descriptions of the alternatives identified and cataloged in 
Section 2.0 as near term isolation concepts are presented in this section. 
This information is a compilation of relevant material from the literature 
search along with technical judgment based upon engineering, construction, 
operations, geology, and radioactive waste management experience. The 
information for each concept includes: 

o Nature o^ isolation 
o Waste forms that can be accommodated 
o Advantages and disadvantages 
o Equipment and facility requirements 
o Unususal operational or maintenance requirements 
o Geologic/environmental parameters 
o Information and technology development required for implementation 
o Summary of work performed by previous investigators and the status or 

conclusions of their investigations. 

3.1 UPGRADE OF SHALLOW LAND BURIAL 

3.1.1 Description and Application 

In current shallow land burial practices, LLW is emplaced in trenches 60 to 
260 meters long, 8 to 20 meters wide at ground surface, and 5 to 8 meters 
deep. The waste is covered with 1 to 3 meters of excavated fill or a 
combination of fill and compacted clay. The waste is buried above the water 
table at all existing burial sites in accoidance with state or Federal 
regulations. However, following burial, the waste may come into contact with 
ground or surface waters; for example, perched water tables have developed 
within individual trenches, especially in burial facilities located in the 
humid eastern part of the country. Waste buried at commercial disposal 
sites is generally packaged in 210 liter U.S. Department of Transportation 



(DOT) approved steel drums. Only wastes received from offsite U.S. Department 
of Energy (DOE) generators must be packaged to meet DOT transportation 
regulations (105). 

Waste isolation depends on minimal contact between the waste and ground and 
surface water; tectonic stability; and institutional controls to prevent-
inadvertent contact or exhumation by natural processes. The ion exchange 
capacity of the burial soil can also retard the leaching of any radionuclides 
to the biosphere. 

Shallow land burial has been used for most LLW disposal in the U.S. since the 
beginning of the nuclear weapons program in the 1940s. Other countries have 
also used shallow land burial for LLW disposal but to a much smaller degree. 
Avnumber of authors have reviewed the history, problems, and current status of 
the five major U.S. Department of Energy (DOE) disposal sites and the six 
commercial U.S. disposal sites (8, 29, 51, 69, 81, 82, 90, 94, 95, 105). 

The improvements to shallow land burial that have been suggested include: 

o Improved site selection criteria (site geomorphically stable, well suited 
for effective monitoring, and sufficiently simple, hydrogeologically to 
allow reliable prediction of residence time of radionuclides in the flow 
system; water table several meters below the disposed trenches; burial 
zone separated from fractured bedrock by strata of low permeability with 
sufficient thickness, and sorption properties to prevent migration of 
radionuclides into the fractured zone) (29, 89, 90, 105). 

o Improved trench design (sloping of trench, sand underdrain, drainage 
ditches filled with crushed rock along bottom of trench walls, 
infiltration barrier such as bentonite, concrete:,; asphalt, or stainless 
steel liners above waste) (29, 67, 88, 89, 94, 105, 117). 

o Engineered containment around waste (high integrity packaging, sorption 
barriers) (105, 117). 
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o Prevention of voids and undermining (better waste forms through 
compaction or incineration of poorly compacted and biodegradable waste or 
improved packaging) (29, 67, 88, 89, 105, 117). 

o Waste segregation (special treatment or alternative disposal method for 
organic complexing agents, long-lived waste, and waste posing special 
hazards) (89, 105). " , 

o , Improved operational practices (temporary weather shields, surface and 
ground water diversion, erosion protection, better definition of waste 
package contents and record keeping, better compatibility of waste with 
burial conditions, measures to discourage deep rooted plant species) (23, 
67, 88, 89, 105). 

Some of these improvements have been implemented at disposal sites, but they 
have not been universally applied. In addition, some of these improvements 
may not be necessary or compatible with the conditions at a given site and 
should be considered only on a case-by-case basis. \,In this report, the 
suggested improvements applied in a manner which is compatible with --
site-specific conditions will be referred to as the upgrade of shallow land 
burial. Any upgrading will accommodate the same waste forms that are disposed 
by preseit practices. However, waste segregation and improved waste packaging 
will be desirable in certain situations. 

The advantages of this alternative include: 

o The technology exists. 

o Sorption barriers and other engineered barriers could be readily 
accommodated. 

o It could be implemented with only minor changes to existing waste 
management practices and without modifying present waste management 
transportation practices and regulations. 

o Retrievability is possible. 
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The disadvantages of this concept include: 

o Higher initial costs than present shallow land 
although long term costs could be lower if the 
future remedial measures unnecessary. 

o Protection from natural and man-induced events is .still relatively poor. 

, j 
o Protection against deliberate and inadvertent contact is still relatively 

poor. )! 

o At the end of its operational life, a disposal site could be released for 
only very limited use. 

3.1.2 Equipment and Facility Requirements 
\s \ 
The equipment and facilities required are the same as those currently used for 
construction and operation of shallow land burial sites. 

ji 
3.1.3 Unusual Operational or Maintenance Requirements t 

i. 

The operational or maintenance requirements are expected to be similar to 
those currently used at existing shallow land burial sites, with the exception 
that certain improved operational practices are incorporated. Corrective 
maintenance required as a result of radionuclide migration should be less 
severe than that at many currently operating facilities. 

3.1.4 Geologic/Environmental Parameters 

Factors which affect isolation in shallow land burial and must be considered 
in site selection are: surface and groundwater occurrence and flow 
characteristics, topography and physiography, soil mass, physicochemical and 
engineered properties, active and potential geomorphic processes, present and 
future climatic conditions, and seismicity. These elements are best 
determined in context of their site, local and regional setting. 

burial would be incurred, 
improved practices make 
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The most important consideration for effective isolation of waste in shallow 
land burial is the potential for contact with surface and ground water. To 
preclude this potential a shallow land burial facility constructed above the 
water table and, more specifically, above the zone of ground water fluctuation 
is preferred. Therefore, the most desirable site setting is characterized by 
a relatively deep water table. The minimum distance between waste and 
underlying groundwater is site-dependent as determined from analysis of 
hydrogeologic conditions and containment medium properties. Conservative 
assurance against contamination of underlying water bearing horizons must be 
established, and sites where a hydraulic connection exists between waste and 
water resources must be avoided. 

Soil is the containment medium for shallow land burial provided it is: 1) 
essentially homogeneous with respect to texture, 2) devoid of major ' 
irregularities, especially planar interfaces along which a marked contrast in 
soil properties occurs, and 3) impervious. Consolidated, fine-grained 
deposits are best for containment. In addition, the soil medium must be 
evaluated on the basis of specific physicochemical and engineering properties. 

Fine-grained soil deposits are widespread throughout the U.S. and can be found 
within diverse terrains. Soils that are subject to dynamic processes such as 
surface erosion should be avoided. Soils in regions characterized by more 
catastrophic processes, such as tectonic instability and significant seismic 
ground motion, are unsuitable. However, many sites with suitable soils can be 
identified in the glaciated portions of the Northeast and Northcentral U.S., 
in thick residual soils of the Southeast, and in some intermontane valley-fill 
soils of the Basin and Range Province of the West, as well as elsewhere. 

Consideration must be given to possible trench saturation and subsequent 
overflow, especially in regions of moderate mean annual rainfall. 
Infiltrating precipitation could ultimately result in land surface and ambient 
surface water contamination. During trench construction and waste 
emplacement, the influx of a large volume of precipitation must be avoided. 
Trench saturation during operation can be avoided by providing for impervious 
backfill and a vegetative cover, using approved soils in accordance with 
supervised compaction procedures, and by controlling surface drainage. 
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Climatic conditions will affect groundwater conditions such that generally ii 
arid regions will have a deep water table whereas those with moderate to high 
mean annual ^nfall normally will be shallower. Therefore, regions 
character!. : moderate to high mean annual rainfall are generally less 
desirable especially where underlying bedrock has low permeability. Some 
direct recharge will occur in either case, although the clay fraction of 
fine-grained soils (through cation exchange and adsorption) will help restrict 
transport of radionuclides by either subsurface vapors or liquids. 

Finally, there must be conservative assurances that surface processes will not 
expose isolated waste or reduce the impervious nature of the 'isolation medium. 
The'vdecay constants of critical radionuclides, such as Sr-90 and Cs-137 
dete' rmine the required isolation period. It is assumed that waste decay time 
will not exceed the current interglacial stage and the long-range potential of 
glacial erosion. Moreover, regions of current or potential accelerated 
erosion should be avoided. 5,'-

i > ( ' t 

3.].5 Information/Technology Development Requirements 

No additional technology development would be required to implement this 
alternative. However, it would be desirable to obtain additional data on the 
effectiveness of the improvements and their usefulness in relationship to the 
time periods required for waste isolation. 

More effective surface and subsurface monitoring and more detailed numerical 
modeling of groundwater and surface water flow at existing and potential sites 
would also be desirable. 

3.1.6 Related Investigations 

Two previous studies of alternative methods of disposal of radioactive waste 
have discussed improvements to shallow land burial. One of these reviews 
(105) considered the following modifications: 1) improved waste placement, 2) 
waste segregation, 3) engineered control of surface and ground water, 4) 
improved waste forms and packaging, and 5) improved administrative measures. 
This review concluded that, although these modifications had both advantages 
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and disadvantages, they could increase the containment capability of burial 
sites. The cost to implement the modifications would probably increase 
present burial charges, but the cost savings associated with increased 
containment could overshadow these charges. 

The modifications considered in the second review (67) include: 
1) impermeable covers such as clay, concrete, asphalt, and stainless steel 
over trenches, 2) operational improvements, 3) improved waste forms, and 
4) improved trench design. With the evaluation criteria and weighting scheme 
used, improvement of shallow land burial practices was judged to be the most 
desirable alternative to shallow land burial of the alternatives considered 
(i.e. improvements to shallow land burial, deeper burial, disposal in mined 
cavities, disposal in structural facilities, and ocean disposal). 

M ^ 

A number of organizations and countries have either suggested shallow land 
burial improvements, proposed studies to improve shallow land burial-, or 
reported investigations on selected shallow land burial improvements. These 
include: 

o M. L. Wheeler, et.al. (117) discussed the benefits and disadvantages of 
several engineered containment, waste form, and administrative 
modifications to shallow land burial practices. They concluded that 
present practices could be modified to increase the containment 
capability of burial sites by emphasizing stable waste forms (additional 
use of solidification, compaction, and incineration and improved 
packaging), hydrologically oriented containment engineering (improved 
trench design, waste placement techniques, and trench encapsulation), and 
the natural materials surrounding the site. 

o J. 0. Duguid (29) discussed the following items which have been 
instituted at various DOE sites to improve disposal operations: 
1) improved record keeping and a centralized computer data file, 
2) improved burial site surface maintenance and drainage control, 
3) initiation of the use of waste compactors and current plans for their 
use at most burial sites, 4) initiation of studies at major sites for 
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evaluation of the long-term impact of buried waste, 5) improvement of 
modeling/monitoring programs at all major sites, 6) initiation of studies 
to provide engineering methods of reducing burial ground discharges at 
ORNL, and 7) initiation of the shallow land burial technology program. 

/ 
A report prepared for the U.S. EPA (88) summarized current engineering 
and water management practices that could be used at shallow land burial 
sites. These practices would minimize water infiltration from 
precipitation, thereby eliminating the potential to fill and overflow 
trenches and contaminate local ground and surface water. The 
recommendations given in the report are divided into these groups: 

ij 

Remedial steps for existing sites, such as providing access wells at 
the low end of a trench, modifying and improving trench covers, 
providing berms and drainage ditches, grouting, and injection of 
impermeable materials. 

New or improved practices for new sites, including better site 
selection, drainage of trenches prior to emplacing wastes, temporary 
berms, high compaction of wastes, moisture cells under trench cover 
in the trench bottom, immediate removal of any water detected, and 
properly designed covers. 

Post-closure practices, including control of vegetation; monitoring 
programs for ground and surface water, soil, and vegetation; and 
regular site inspections, especially following severe meteorological 
or geological events or changes such as torrential rains, tornados, 
hurricanes, heavy freezes, spring thaws, or earthquakes. 

J. G. Steger (89) discussed various aspects of the land burial technology 
program. Included in this program are improvements to shallow land 
burial practices which include erosion control, moisture control in 
buried waste, and site sealing. The overall program is expected to lead 
to site selection criteria,, proper burial practices, waste preparation 
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requirements, and a systems analysis method to determine the least costly 
approach for achieving LLW isolation in an environmentally acceptable 
manner. 

T. Tamura (94) discussed results of studies on constructing chemical 
barriers to the migration of Sr-90 in solid waste disposal area soils and 
on using a near-surface seal of bentonite and shale to impede 
infiltration. 

The evaluation of alternatives for,long term management of stored Idiho 
National Engineering Laboratory (INEL) transuranic waste (100) considered 
three alternatives that are relevant to upgrading shallow land burial 
practices. The alternatives include various combinations of: 1) adding 
clay for sealing and basalt for erosion protection, 2) pressure grout 
sealing 1 to 2 meters below the stored waste which would minimize 
infiltration while retaining the ion retention properties of sediment 
below the waste, and 3) injecting grout into the waste and the sediment 
below it to immobilize the waste. 

S. Ohmachi (74) discussed Japanese preparations for demonstration tests 
for land disposal of low level radioactive wastes scheduled for about 
1980. Surveys, research, and tests related to waste packaging, waste 
segregation, evaluation of land disposal sites and designs, and testing 
methodology are being conducted in support of the program. 

D. H. Charlesworth (17) summarized Canada's development programs for the 
disposal of low and intermediate level wastes. He indicated that, 
although the disposal of all wastes at a single, shared, hard rock site 
is Canada's preferred option, they are planning preliminary assessments 
of shallow land burial in an unsaturated zone. 

Y. Sousselier and A. Redon (78, 86) both reported that studies are 
underway in France to improve shallow land burial with capillary barriers 
using layers of fine and coarse sand and gravel. 
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o The Nuclear Energy Agency of the Organization for Economic Cooperation 
and Development (73) reported that an International Atomic Energy Agency 
Advisory Group which reviewed shallow land disposal concluded that it 
would be a safe and inexpensive option for short-lived wastes if: 

Containment was ensured by the geological medium 

Threshold limits for concentrations and total amounts of long-lived 
nuclides were established on a case-by-case basis considering a 
predetermined containment time and local environmental conditions. 

o The Commission of the European Communities (21) has suggested, in their 
recent "Proposal for a Second Five Year Programme (1980-84) on 
Radioactive Waste Management and Storage," that problems relating to 
shallow land burial of solidified waste be studied. Their proposed 
program includes: 1) evaluation and comparison of current in situ 

// 

experience, 2) investigation of radionuclide migration and safety aspects 
considering the influence of artificial barriers, and 3) improvement of 
shallow land burial techniques. 

Trenches of sufficient depth to allow a soil covering of 10 to 20 meters would 
be used in disposing of LLW by intermediate depth burial (67). Depending on 
the location of the water table with respect to the buried waste, this 
alternative includes two distinct concepts for achieving waste isolation. If 
the waste is located above the water table as would be the case for most 
western U.S. diposal sites, the.concept is very similar to shallow land burial 
discussed in the preceding sections with the exception that the additional 
soil covering in intermediate depth burial provides more protection against 
unauthorized contact and natural events than, is provided by shallow land 
burial." /If the waste is located below the water table as it would be at most 
eastern U.S. locations, waste isolation can be achieved by emplacing the 

3.2 INTERMEDIATE DEPTH BURIAL 

3.2.1 
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waste in media in which groundwater flow is controlled by molecular diffusion. 
The description of intermediate depth burial includes separate discussions of 
these two distinct concepts where appropriate. 

All forms of LLW that are presently being disposed of using shallow land 
burial could be disposed of using intermediate depth burial. However, more 
extensive use of compaction and/or incineration may be necessary to prevent 
undermining of backfill material. 

The advantages of intermediate depth burial include: ^ 

o In comparison with shallow land burial, , this- alternative would reduce the 
possibility of inadvertent contact with the buried waste and make i,t less 
vulnerable to natural events. 

-"V 

o The technology exists for implementation. 

p o There is good protection against deliberate and inadvertent contact. 

o Sorption barriers and other engineered barriers can be readily 
utilized. 

o Retrievability is possible. 

o The disposal site can be released at the end of its operational life for 
most surface and near surface uses. 

o Implementation is possible with present LLW shallow land burial 
practices, transport, and regulations. ^ 

o Land could be restored at abandoned strip mines if the geologic and 
hydrologic conditions at these locations are suitable. 
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The disadvantages of disposing of LLW by intermediate depth burial include: 

o The initial costs would be higher than for current shallow land burial. 
Long term costs could be lower if the alternative provides definite 
containment during the period the waste is hazardous, thus making future 
remedial measures unnecessary. 

3.2.2 Equipment and Facility Requirements 

o Excavation .. 
r- - - - . „ ' ' 

Equipment such as draglines would be needed to dig the deeper trenches as 
opposed to backhoes or grade-alls for shallow depths. 

o Waste Receiving Area 

The waste would be removed from the transport vehicle, inspected, and 
placed in a staging area if trench preparation was not complete. If a 
trench was ready to accept waste, the container would be directly 
emplaced in it. 

o Waste Documentation 

t> 
Within the staging area, waste canisters would be readied for disposal. 
The waste type, activity, geometry, and physical and chemical 
characteristics would be logged and tagged. 

o Waste Transfer 

Appropriate transfer equipment, such as truck or track vehicles with 
transfer casks, etc., would be used for moving waste to the trench area. 
Waste could be placed by mobile jib crane or gantry type cranes 11 

(Figure 3-1) and this placement could be monitored. Material handling 
equipment compatible with packaging would be required. 
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FIGURE 3-1 
MOBILE GANTRY CRANE FOR INTERMEDIATE DEPTH WASTE PLACEMENT 



3.2.3 Unusual Operational or Maintenance Requirements 

The operational and maintenance requirements are almost the same as for 
shallow land burial. 

3.2.4 Geologic/Environmental Parameters 

The geologic and environmental parameters in intermediate depth burial, 
generally are comparable to shallow land burial as discussed in Section 3.1.4. 
However, intermediate depth burial waste isolation occurs beneath a 
considerably thicker backfill cover. Consequentially, an increased in situ 
soil thickness is most desirable. Unlike shallow land burial, waste isolation 
for intermediate depth burial could be designed to occur below or above the 
water table. 

Intermediate depth burial would involve waste isolation beneath a thick soil 
cover. Ideally, the soil would possess a high sorptive capacity for 
radionuclides in the waste. The volume of soil cover material required may be 
obtained locally during excavation for the intermediate depth burial facility. 
Sites, even with substantial soil thicknesses, may be unsuitable if migration 
along a soil-bedrock interface is possible prior to decay of radionuclides in 
the waste (19). 

Under optimum conditions, intermediate depth burial would occur above the 
groundwater table and, specifically, above the zone of groundwater 
fluctuation, as discussed in Section 3.1.4. (19, 67) However, the likelihood 
of encountering a greatly depressed water table an acceptable distance below 
the waste decreases as the placement depth increases. An acceptable distance 
from water table to waste would be a minimum of several meters depending on 
the range of water table fluctuation. (67) 

Waste could also be placed within the saturated zone provided placement is 
below the zone of water table fluctuation (18). The containment medium would 
be a homogeneous soil characterized by exceedingly low primary and secondary 
permeability. Under these conditions, contamination beyond the waste is 
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restricted to molecular diffusion. However, the probability of encountering 
fractures in the soiL medium increases as the disposal trench area increases. 
Construction of artifical barriers completely enclosing the waste may be 
necessary, if not prudent, in order to avoid radionuclide migration within 
groundwater. 

The hydrogeologic potential for waste leakage from a consolidated, impervious 
soil deposit must be established. If waste is located above a depressed water 
table, the primary transport mechanism for leakage is avoided, provided no 
hydraulic connections, such as fractures, extend into the saturated zone. (18, 
19, 67) Isolation below the water table will result in flow into the "dry" 
disposal zone (18) until saturation occurs. Thereafter, the movement of waste 
contaminants is controlled by the prevailing site groundwater conditions. 
Whether disposal occurs above or within the saturated zone, sites where a 
hydraulic connection exists between waste and a water resource must be 
avoided. 

The geographic locations of interest, for intermediate depth burial above the 
water table, are as discussed in Section 3.1.4. However, for burial below the 
water table, the widespread till and glaciolacustrine deposits in Northeastern 
and North Central U.S. are considered the most promising unlithified soil 
containment media candidates. Extremely dense till and glaciolacustrine 
deposits contiguous to the Great Lakes and within the St. Lawrence River 
Valley regions have been encountered during construction. Many of these 
deposits are thicker than 30 meters and might be developed as disposal sites. 
Less widespread and more randomly located glacial deposits in the Northern 
Rocky Mountain region and Northwestern U.S. may also be suitable. 

A potential exists within dense till for joint system development inherited 
from underlying bedrock. Site and regional exploration and testing are 
necessary in evaluating joint development. Although till moisture content is 
characteristically low, especially for very dense impervious deposits, a 
normal hydrostatic gradient is typical and an exceedingly low groundwater 

- 8 

velocity can be anticipated, usually less than 10 cm/sec. Homogeneity of 
till deposits can be expected with occasional lenses of more permeable, 
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coarse-grained sediments. Till sheets deposited during different glacial 
stages may be bounded by nearly horizontal contacts along which fluid or 
groundwater migration may occur. Other glacial deposits,, notably 
glaciolacustrine sediments, are stratified and usually characterized by 
extremely low vertical permeability. In many cases, horizontal permeability 
also may be sufficiently low and within limits for isolation media. 

Abandoned strip mines, which could be used for intermediate depth burial, 
would be available in many Eastern U.S. coal fields. Current Federal mining 
reclamation regulations require the restoration of strip mines to pre-mining 
topography before abandonment. Many additional sites, especially in the 
Western U.S. coal fields with continuous cut and fill operations, might be 
adapted to waste storage. Abandoned metallic deposit strip or open-pit mines 
probably are unsuitable as the potential for future extraction of unmined 
low-grade reserves is always a possibility. 

3.2.5 Information/Technology Development Requirements 

Although the use of intermediate depth burial for the disposal of LLW has not 
been demonstrated, no technology development should be required. However, the 
relatively remote depth of isolation makes it difficult to monitor any 
potential leakage. Standard devices such as piezometers are inappropriate 
because they compromise the integrity of isolation. Moisture resistivity 
devices buried in proximity to waste and attached to monitoring stations could 
detect groundwater attack. This method would serve only as an indirect 
indicator of potential leakage. Additional research in monitoring and 
modeling methodology may be required depending on individual site 
hydrogeologic conditions. 

3.2.6 Related Investigations 

Intermediate depth burial above the water table was evaluated in a previous 
study (66, 67) of alternative methods of LLW disposal performed by Macbeth et 
al. They concluded that intermediate depth burial of LLW was a feasible 
alternative. With the evaluation criteria and weighting scheme used in their 
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evaluation, it compared favorably with some of the other alternatives 
considered (engineered facilities, new mines, acceptable abandoned mines, and 
ocean disposal) but less favorably with improvement of present shallow land 
burial practices. 

A study performed by Cherry et al (18) is relevant to intermediate depth 
burial below the water table. Cherry's study considered the use of drilled 
holes instead of excavated trenches but the waste isolation concept is 
identical to that of intermediate depth burial below the water table. In 
Cherry's concept, isolation is achieved by locating/the waste in the core of a 
till sheet or glaciolacustrine deposit in which hydraulic flow is 
insignificant and groundwater movement is controlled by molecular diffusion. 
In such a formation, leachate from the waste will not be hazardous when it 
reaches the biosphere because thousands of years would be required for it to 
travel through the many meters of clay or clayey till surrounding the waste. 
The major uncertainty with regard to Cherry's isolation concept is the effect 
of fractures extending far below the water table that are known to occur in 
some parts of the glaciated regions of North America. Site specific 
investigations are required to determine whether such fractures would result 
in groundwater movement not being controlled by molecular diffusion. 

3.3 DISPOSAL IN ENGINEERED FACILITIES 

3.3.1 Description and Application 

LLW disposal in engineered facilities would use man-made structures to store 
waste during its hazardous lifetime. The facilities could be above or below 
ground and designed for the expected conditions at a wide range of sites. Of 
the various types of facilities that could be used, a cast-in-place reinforced 
concrete structure would have the best resistance to corrosion and weather, be 
the most impermeable, and remain intact the longest (66, 67). This concept 
relies on the ability of the building and any engineered barriers to isolate , 
the waste from the biosphere. All forms of LLW could be disposed of in 
engineered facilities. However, volume reduction of the waste to minimize the 
size of the facilities required would probably be economically desirable. 

3-17 



The advantages of this concept include: 

o The ability to locate the facility independent of most geologic 
constraints would make it possible to minimize the risk associated with 
waste transportation and handling. 

o The technology exists to implement this technique. 

o Retrievability is possible. 

o Sorption and other barriers could readily be accommodated. 

o Monitoring for leakage could be performed easily. 

o Existing waste practices can be used. 

The disadvantages of this concept include: 

o Higher initial costs than shallow land burial would be incurred. 

Comparison of long term costs with those expected to be incurred in 
present shallow land burial practices cannot be made without detailed 
investigations beyond the scope of this review. 

o The protection from natural events is dependent upon the initial design 
criteria and the continued integrity of the building, which would be 
expected to degrade with time. 

o Continued maintenance and surveillance would be necessary for many 
generations. 

o Because of the proximity of the facility to man's activities, protection 
from deliberate contact and man-induced events is questionable. 

o The continued isolation of the waste over its hazardous lifetime is 
questionable. „> 
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o Neither the facility or the site could be released for use at the time 
the facility reaches its capacity. 

3.3.2 Equipment and Facility Requirements ll 

o Facility Requirements 

The facility must be designed to meet the geological and environmental 
conditions (i.e. seismic accelerations, flood levels, etc.) For example, 
an underground facility should not be placed in a flood plain or in any 
area known to be seismically active. 

The facility could be designed using a warehouse or compartmentalized 
storage arrangement. Figures 3-2 and 3-3 show storage arrangements using 
both concepts. 

The facility must contain a receiving area in which all transported 
wastes to the facility can be removed from the transport mechanism 
(truck, rail car, etc.). The facility must be capable of monitoring 
radiation levels associated with the waste shipment and have the 
capability to perform any maintenance to equipment to ensure the safe 
handling of the waste containers from the receiving point through the 
final storage location. 

o Documentation 

Documentation of waste source, activity, volume, monitoring, etc., must 
be recorded and retained during facility operation. 

o Operation 

The facility should be operated to allow selective segregation of storage 
containers. This allows different levels of wastes to be segregated as 
required. 
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o Equipment Requirements 

If the underground facility has a receiving building located at ground 
level, a mechanism would be required to move the waste container from 
this building to the storage building receiving area. A monorail with 
hoist or another type of overhead crane could be used. 

The storage building should have some mechanism for moving storage 
containers to their final location. A gantry crane or some type of 
underhung bridge crane could be used. These types of cranes provide the 
greatest range of coverage for this type of facility. 

3.3.3 Unusual Operational or Maintenance Requirements 

The assurance of continued facility integrity is of major concern. For an 
above ground facility, visual inspection of the building perimeter and 
nondestructive testing methods could provide this assurance. For an 

, underground facility, an access or inspection tunnel around its exterior 
perimeter could be used in a similar manner. 

3.3.4 Geologic/Environmental Parameters 

Although the concept does not rely on geologic isolation, site geotechnical 
conditions governing foundation design would be considered during the facility 
design. Shallow isolation of released radionuclides would be controlled by 
geologic parameters similar to those discussed in Section 3.1.4 for shallow 
land burial. For leaks to the atmosphere, there is no protection other than 
that provided by the building and its engineered barriers. Zones of crustal 
instability and active faults should be avoided during site selection. The 
design, ground motion acceleration should be based on local and regional 
seismic history. 
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3.3.5 Information/Technology Development Requirements 

There is no technology or information development (other than data required 
for design of the facility) required for implementation of this concept. 
However, it would be desirable to investigate: 1) multiple engineered 
barriers to prevent releases, 2) possibilities of reducing the threat of 
unauthorized intrusion, and 3) methods of assuring the integrity of the 
engineered facility while the waste is hazardous. 

3.3.6 Related Investigations 

Macbeth and his co-workers reviewed this alternative in a previous study (66, 
67) of alternative methods of LLW disposal. They concluded that an engineered 
facility was a feasible disposal alternative. With the evaluation criteria 
and weighting scheme used in their review, engineered facilities compared the 
least favorably of the alternatives considered. 

A number of countries are using engineered facilities for long-term storage of 
LLW. Most are doing this as an interim measure while investigating disposal 
alternatives (15, 78, 86). However, three countries have given the following 
indications that engineered facilities may be the disposal method for at least 
some of their LLW: 

o France is considering long-term storage in engineered facilities for 
disposal of fission products (41). 

o Ontario Hydro, a Canadian utility, uses several types of engineered 
facilities for storage of LLW including: 1) in-ground reinforced 
concrete trenches for storage of processed and nonprocessible lower level 
reactor wastes; 2) below ground vertical tile hole facilities for storage 
of higher level cartridge and packaged ion exchange resins; and 3) above 
ground, double containment quadricell modules for storage of bulk 
quantities of ion exchange resins and reactor core components. They feel 
that some of these wastes may not be transferred to other storage 
facilities or future disposal sites. Consequently, they have considered 
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details in facility design which would contribute to the long-term 
durability of their facilities (15, 110, and personal communication with 
T. J. Carter, 1979). 

o Czechoslovakia is planning to use an engineered facility consisting of 
reinforced concrete pits covered with panels and 0.6 meters of soil for 
disposal of low and intermediate level wastes. The facility is scheduled 
to be operational in 1983. The site selection procedure for the facility 
will include criteria to help locate sites with favorable geological and 
hydrological characteristics (28). 

The evaluation of alternatives for long-term management of stored INEL 
transuranic waste considered six concepts that are relevant to using 
engineered facilities for waste disposal (100). The concepts involve building 
a structure of large interlocking concrete blocks above or below ground but 
above the water table with layers of clay, bentonite, and basalt covering the 
facility. The interlocking blocks provide a high degree of flexibility by 
redistributing stresses due to relative motion rather than cracking or 
shearing as would be expected in a rigid structure. Most of the concepts 
considered were characterized by a high ratio of reinforced concrete to void. 
Because of the unfavorable cost of these massive designs, a less massive 
variation was developed and included in their evaluation. 

3.4 DISPOSAL IN DRILLED HOLES 

3.4.1 Description and Application 

This type of LLW disposal involves drilling large-diameter holes in 
appropriate geological media, emplacing the wastes, and sealing the holes. 
The holes can be from tens to hundreds of meters deep. In this range of 
depths, the waste can be above or below the water table depending on 
site-specific conditions. Isolation of wastes located above the water table 
is dependent upon minimizing contact between water and the buried waste. 
Isolation of wastes located below the water table is dependent upon locating 
the waste in a formation in which groundwater flow is slow in comparison to 
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the time required for waste isolation. This alternative is thus very similar 
to intermediate depth burial. The main difference is that drilled holes can 
be used to much greater depths than can intermediate depth burial. 

All forms of LLW except large pieces of contaminated equipment can be disposed 
within drilled holes. Certain waste types may require compaction or 
incineration to assure that undermining does not compromise borehole seal 
integrity. More extensive use of methods to reduce waste volumes may be 
economically desirable.' 

The advantages of this concept include: 

o A high degree of isolation and protection from natural and man-induced 
events are possible. 

o Drilling technology exists to implement this technique. 

o There is good protection against sabotage and inadvertent contact. 

o Some degree of retrievability is possible (by reaming to the top of the 
wastes and using a specially designed core barrel to lift the waste 
containers and surrounding material). 

o Sorption barriers and other engineered barriers could readily be 
accommodated. 

o The disposal site can be released at the end of its operational life for 
uses not involving drilling or excavating to the range of depths used for 
waste emplacement. 

o The HLW disposal program results can be used, since deep holes are to be 
studied as an HLW disposal alternative (52). 

o Disposal of HLW and LLW in the same formation is possible if this 
alternative is implemented for HLW disposal. 
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The disadvantages of disposing of LLW in drilled holes include: 

o Higher costs than shallow land burial would be required. 

o The numerous drill holes that would be required for LLW disposal would 
increase the probability that, even with proper borehole sealing, the 
containment capability of the disposal formation would be compromised. 

o The concept has not been studied as extensively as some of the other 
alternatives discussed in this report. 

3.4.2 Equipment and Facility Requirements 

A surface facility similar to that discussed in Section 3.2.2 would be 
required. The facility would include provisions for unloading the waste 
containers and providing temporary storage. The facility would also include 
provisions for monitoring the waste containers and documenting the physical 
and chemical characteristics of the waste. Tracked vehicles or remotely 
operated cranes could be used for transferring waste containers from the 
staging area to the disposal hole. 

Large diameter caisson drilling equipment would be necessary for drilling the 
waste emplacement holes. For relatively shallow holes in homogenous 
fine-grained soil free of large rock fragments or boulders, hole diameters up 
to 4.9 meters (16 ft) can be attained with existing caisson excavation 
equipment. Considerably deeper holes with a diameter of 4.3 meters (14 ft) 
have been excavated into bedrock with "Hughes Down Hole Drills" (personal 
communication with Mr. William Murphy, Case International, 1979). 
Conventional "shot and blast" methods can also advance large diameter 
shafts through rock to considerable depth. 

3.4.3 Unusual Operational or Maintenance Requirements 

Protection of the drilled holes from precipitation, surface runoff, and 
groundwater would be required from the time the holes were drilled until the 
sealing of the hole after waste emplacement. Protection from precipitation 
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could be provided by a temporary enclosure covering the area in which the 
holes were located. Diversion ditches could protect the holes from surface 
runoff. Casing the holes after drilling would protect them from groundwater 
infiltration. 

3.4.4 Geologic/Environmental Parameters 

The geologic and environmental parameters for the drilled holes method of 
disposal, especially for storage above and within groundwater are comparable 
to those discussed in Section 3.2.4. However, in drilled holes, bedrock 
masses can also be considered in the selection of candidate isolation media. 

Several materials are acceptable as isolation media provided they are: 1) 
physically homogeneous; 2) devoid of large numbers of discontinuites such as 
fractures (i.e. joints, faults); 3) structurally uncomplicated; and 4) 
impervious. Waste storage above and within groundwater is discussed in 
Sections 3.1.4 and 3.3.4. In either case, storage within the zone of water 
table fluctuation should be avoided. Dense, fine-grained, glacial and 
glaciolacustrine deposits may be considered as in Section 3.2.4. Shale, 
granite, basalt, and salt are general bedrock types which may also be 
considered. Carbonate bedrock is considered unsuitable as this rock type may 
have undergone considerable dissolution during its geologic history resulting 
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in the development of complex solution channels and enlargement of fracture 
openings. Both conditions compromise the integrity of isolation and are 
difficult to detect. Each candidate medium, either rock or soil, must be 
evaluated on the basis of its respective specific physicochemical and 
engineering properties as well as site conditions. 

The geographic locations for dense, fine-grained deposits are discussed in 
Section 3.2.4. Bedrockvsuitable as containment media are distributed 
throughout the continental U.S. 

Fracturing should be anticipated for bedrock storage media. The extent and 
degree of fracturing can be assessed.,from site exploration .and testing. If Kj ~ 
the extent and frequency of fracturing is minimal, the introduction of an 
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engineered sealant, such as grout curtains, should retard the migration of 
radionuclides by other than molecular diffusion. Salt, an exception to other 
bedrock storage media, may be free of fractures because of its property to 
deform plastically in relatively brief geologic time, thereby effectively 
sealing fractures. However, since salt can rapidly dissolve in salt-free 
groundwater, storage should be above the water table or in salt saturated 
groundwater. 

Isolation within a suitable rock mass could occur down to 1,000 meters. 
Therefore, regions characterized by an unusually high geothermal gradient, 
structural complexity, and high state of in situ stress should be avoided. 
Rocks with existing or potential future economic worth should not be 
considered because nearby mineral and hydrocarbon extraction could alter 
groundwater conditions and induce fracturing. 

3.4.5 Information/Technology Development Requirements 

This alternative would use conventional surface facilities and equipment and 
conventional drilling and borehole sealing techniques. Consequently, no new 
technology development is anticipated. However, development of the following 
items should be considered if this alternative is implemented: 

o Methods of adequately sealing the boreholes that are both low in cost and 
adequate for waste isolation. 

f.. 

o An effective, continuous, in situ monitoring system to compare any 
vertical or lateral movement of radioactive isotopes. Diffusion of the 
radionuclide front will occur independent of isolation effectiveness; 
this should be compared with predicted migration and/or diffusion rates 
from the isolated waste source. 

Data will be required on the expected integrity of the borehole seals for the 
time required for LLW isolation. 
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3 . 4 . 6 Related Investigations 

Two previous studies o£ alternative methods of disposafi of radioactive waste 
ii 

have discussed this alternative. One of these reviews7 which emphasized HLW 
disposal (105) concluded that the potential of the concept justified at least 
a feasibility study. The other review, which screened and evaluated LLW 
diposal alternatives (66, 67), concluded that this alternative was technically 
feasible, but it was not included in the evaluation portion of the review. 

The concept of using drilled holes, above the water table for HLW storage has 
been investigated by I. J. Winograd of the United States Geological Survey 
(118). J. A. Cherry of the University of Waterloo (18) has investigated 
drilled holes below the water table for LLW disposal. The use of very deep, 
drilled holes is one of the alternatives considered in the "Draft 1 

Environmental Statement for the Management of Commercially Generated Waste" 
(101). The results of these studies are discussed below. 

Winograd's investigation considered the use of drilled holes in very thick, 
unsaturated zones in arid regions such as those found in the Southwestern 
United States for storage of HLW. The use of drilled holes was not crucial to 
his investigation but was considered because it appeared to minimize both cost 
and disruption of the landscape. He concluded: 1) storage above the water 
table in thick, unsaturated zones appears suitable for isolating such 
long-lived fission products as Sr-90 and Cs-137 from the hydrosphere and 
biosphere for fche approximately 600 to 1,000 years needed for decay of these 
nuclides, 2) the concept offers" the potential for retrievability and only 
nominal surveillance, and 3) additional research would be required to define 
ambient movement and content of water and gases in common rocks comprising the 
thick unsaturated zones of interest. 

Cherry's investigation which has been previously discussed in Section 3.2.6 
considered the use of drilled holes in fine-grained deposits for disposal of 
LLW. The wastes would be emplaced many meters below the level of water table 
fluctuation. In this environment, molecular diffusion, which is a very slow 
process, will be the main mechanism by which radionuclides will migrate from 
the drilled holes. Cherry and his co-workers concluded that: 1) radionuclides 
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such as Sr-90, Cs-137, Co-60, and H-3 will decay to insignificant levels 
before reaching zones of active groundwater flow, if these zones are separated 
from the waste by many meters of dense, relatively unfractured, clayey till or 
clay; 2) radionuclides such as C-14 or Ra-226 will diffuse into the biosphere 
after a period of thousands of years or longer, but the radionuclide flux to 
the environment would be small-, 3) the wetting-up period after waste 
emplacement may be delayed considerably by using materials such as swelling 
clays or oxides of magnesium and aluminum; and 4) concentrations of H-3, 0-18, 
D, C-13, and C-14 in the pore water of deposits being considered for waste 
emplacement can be used to determine if groundwater flow in the deposits is in 
fact insignificant. Cherry's investigation is expected to be followed by a 
preliminary assessment of the concept as part of the Canadian waste disposal 
program (17). 

The use of very deep drilled holes is one of the alternatives considered in 
the Draft Environmental Statement for the Management of Commercially Generated 
Radioactive Waste (101). The concept has been recommended for funding by the 
Interagency Review Group (52) so that it can be evaluated as a potential 
competitor to HLW disposal in mined repositories. The depth of hole being 
considered for HLW disposal would probably not be required for LLW. However, 
if the use of drilled holes for disposal of LLW is an alternative that is 
chosen for additional investigation as part of the LLW program, there are 
several ways in which results from the HLW program could prove beneficial 
(assuming the Interagency Review Group (IRG) recommendations are implemented). 
These include: 

o Site selection - Any search for demonstration sites, experimentation, or 
disposal of HLW will be useful to the LLW program, since the sites 
identified and screened during this search can also be reviewed as 
potential LLW disposal sites. 

o Use of sites inadequate for HLW disposal - Sites evaluated and rejected 
for HLW diposal (for example, because of thermal criteria) may be 
adequate for LLW disposal. 
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o Collection of site-specific data - Much of the data collected at a site 
to evaluate its ability to isolate HLW will be applicable to LLW diposal. 

o Evaluation of containment integrity - Many of the evaluations performed 
for HLW will not have to be repeated for LLW. 

o Co-location of HLW and LLW - If very deep holes are used for disposal of 
HLW, LLW could possibly be emplaced in the same holes at elevations above 
the HLW. 

o Borehole sealing - Data and technology on borehole sealing developed for 
the HLW program may be applicable to LLW disposal in drilT'ed holes. 

3.5 DEEP WELL INJECTION 

3.5.1 Description and Application 

Deep well injection involves pumping liquid waste into sufficiently porous or 
fractured strata to displace existing fluid (Figure 3-4) . The waste remains 
in the liquid form, diffusing and dispersing throughout the strata. The waste 
liquid is accommodated in the formation by displacing any existing fluid and 
possibly expanding the formation. To achieve isolation, the injection 
formation must be confined by relatively impermeable media and be sufficiently 
deep to be isolated from aquifers that could be water sources for drinking, 
irrigation, industrial production, etc. Reportedly, the acceptable depths for 
deep well injection waste isolation are from about 1,000 meters to the 5,000 
meters limit of present technology (101). The media comprising the host 
strata may also retain some of the injected radionuclides but this is not the 
primary isolation mechanism. 

Only liquid LLW that is physically and chemically compatible with the 
injection formation could be disposed of using this alternative. This would 
require liquid waste with very low suspended solids that was appropriately 
buffered to prevent dissolved solids from precipitating. The disposal 
formation may also have to be flushed with chemical solutions to adjust the 
formation chemistry prior to waste injection. 

i 
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The advantages of this concept include: 

o The drilling and injection technology exists to implement this 
alternative for liquid waste. 

o Some degree of retrievability is possible (since the waste will remain in 
a liquid form, it will be possible to drill to the disposal formation and 
pump the fraction of waste that had not been retained by sorption on the 
disposal media. An additional fraction of the waste could be retrieved 
if desired by injecting an acidic solution into the formation and pumping 
the resulting fluid to the surface) (101). 

o There is good protection against catastrophic natural events. 

o The disposal site can be released at the end of its operational life for 
most uses not involving excavating or drilling to the range of depths 
used for waste emplacement. 

The disadvantages of this concept include: 

o Higher initial costs than shallow land burial would be required. 
Comparison of long term costs with those expected to be incurred in 
present shallow land burial practices depends on the degree to which 
remedial measures are necessary for each disposal method. 

o Sorption and other barriers could not be accommodated although it may be 
possible to use disposal formations with high sorptive properties. 

o The form of waste that can be disposed of is restricted to liquids that 
are physically and chemically compatible with the disposal formation. 

o Stimulation of seismic activity as a result of the injection is possible. 

o The waste is left in a relatively mobile state, and lateral or vertical 
migration to groundwater aquifers is a possibility. 
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o Inadvertent and other unauthorized contact is possible using standard 
well equipment. 

o The U.S. Environmental Protection Agency opposes deep well injection 
unless: 1) all reasonable alternative measures have been explored and 
found less satisfactory in terms of environmental protection; 2) it can 
be clearly demonstrated that deep well injection will not interfere with 
present or potential use of the subsurface environment; 3) the injection 
process is strictly controlled and monitored; and 4) adequate measures 
are available to provide protection against well failures (34). 

3.5.2 Equipment, and Facility Requirements 

The equipment and facilities required for this alternative depend on the 
assumptions made about the form in which the waste is received and the 
location of the disposal facility with respect to the source of the waste. 
The requirements given in this section assume that the disposal facility is 
located adjacent to the waste generating facility and that the disposal 
facility receives the waste in a liquid form (equipment in addition to that 
given below would be required to store, liquify, treat, etc., if the waste 
were received in a solid form). ' 

A waste treatment facility would be needed to filter and chemically adjust the 
liquid waste to make it compatible with the disposal formation. Storage tanks 
and transfer pumps would hold and transfer the waste as required. Injection 
and retrieval.pumps, plus tanks of buffering solution required in the 
pretreatment of the disposal formation, would be located at the injection 
well. Equipment would also be required to treat spent buffering solutions for 
discharge or reuse. 

3.5.3 Unusual Operational or Maintenance Requirements 

Prior to using any disposal formation, any drill holes violating the integrity 
of the strata overlying the disposal formation would have to be located. 
These drill holes, along with any exploratory holes used in evaluating the 
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formation, would have to be sealed prior to waste injection. The continued 
integrity of the seals should be checked during and after waste injections. 

As mentioned previously, the injected waste must be chemically and physically 
compatible with the disposal formation. This could require flushing the 
formation with water or chemical solutions that would adjust the formation's 
chemistry. 

Provisions must be made for monitoring the injection process, movement of 
waste in the disposal formation, potential contamination of groundwater 
outside the disposal formation, induced seismic activity, and integrity of the 
impermeable strata overlying the disposal formation. This would assure proper 
functioning of the injection process and the continued integrity of the 
disposal formation. The monitoring could be performed using conventional 
process and seismic monitors and appropriately instrumented and cased 
observation wells. 

3.5.4 Geologic/Environmental Parameters 

Deep water-bearing horizons are the repository media for this concept provided 
they are: 1) confined by impervious strata, 2) located within a zone of 
stagnant or exceedingly slow water movement, 3) sufficiently porous or fissile 
to accommodate injected waste, 4) structurally uncomplicated, and 5) devoid of 
discontinuities. (87) 

Sandstone (98, 99, 101) and, possibly, vesiculated basalt flows are considered 
the primary injection repository media. Carbonate bedrock such as limestone 
and dolomite may be considered, provided they are sufficiently fractured, and 
only neutralized supernates are injected (see especially Ref. 101). Fluids or 
gases occupying intraformational, intergranular space will be displaced by 
injected waste. Under preinjection saturation conditions, increased formation 
pressures attributable to injection may compromise containment by rupturing 
the confining strata. Holes drilled into the host rock could enable fluids to 
be withdrawn synchronous with injection, thereby providing sufficient room for 
waste. However, unavoidable contamination of the withdrawal fluid is likely 
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to occur. Gases could dissolve within the injected mass, although adverse 
reactions could result during mixing of this type. Summarily, the 
physicochemical and engineering properties of the host rock as well as the 
fluids and gases it contains must be well understood, along with the effects 
of injection waste on each. 

Maintenance of a buffer between the waste formation fluids and gases could min-
imize intraformational contamination. Even though intergranular movement 
within the host rock medium ideally will be restricted, molecular diffusion of 
radionuclides through this buffer will take place. Therefore, consideration 
must be given to buffer solution diffusion properties and reaction potential. 

Sedimentary basins containing suitable host rock strata, sufficiently deep, 
porous (or fissile) and confined, are abundant throughout the U.S. Basalt 
flows meeting the generic criteria are probably restricted to the Columbia 
River Plateau Province of the Northwest U.S. 

A minimum acceptable depth for the disposal horizon is about 1,000 
meters (101). The considerable depths at which waste storage could occur 
suggest than an abnormally high geothermal gradient, as well as other in situ 
conditions, could adversely affect waste materials. Moreover, deep well 
injection has the potential for stimulating seismic activity which could 
compromise confinement and create pathways to the biosphere (68, 101). The 
release of seismic energy by deep well injection would most likely occur in 
regions characterized by tectonic instability. Unsuitable sites can be 
avoided through site selection screening including in situ testing. 

3.5.5 Information/Technology Development Requirements 

Deep well injection of liquid waste has been used by industry to dispose of a 
variety of nonradioactive wastes. Consequently, the technology for 
implementing this alternative for liquid radioactive waste is well developed. 
For this alternative to have general applicability to LLW, it would be 
necessary to develop processes (or adapt existing processes such as acid 
digestion) that would make it possible to easily convert the various LLW forms 
into a liquid that could be injected into the disposal formation. This would 

O 
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probably require changes in the form in which wastes are shipped to disposal 
sites and could thus require changes in existing waste transportation 
regulations. Alternatively, this technique could be limited to only LLW 
already in a liqud state. 

If this alternative is implemented for either liquid or all LLW, development 
of the following should be considered. 

o Methods of organic complexing of the waste to lessen the need for 
pretreatment of the subsurface formation with buffering solutions. 

o Methods of obtaining the necessary subsurface data for evaluating the 
disposal formation with minimal or no exploratory drilling. Techniques 
being investigated include high resolution seismic, acoustic, electric, 
and electromagnetic methods (12). 

Data will be required on the expected integrity of the borehole seals for the 
time required for LLW isolation. 

3.5.6 Related Investigations 

Two previous studies of alternative methods of disposal of radioactive waste 
have discussed this alternative. One of these reviews which emphasized HLW 
disposal (105) concluded that, although the technology needed to use this 
alternative is available and had been investigated for tritiated water 
disposal, its use with liquids containing long-lived or high levels of " 
radioactivity had yet to be evaluated. The other review which screened 
alternative methods of LLW disposal (66) concluded that the general injection 
concept is feasible for liquid effluents and the liquid fractions of LLW, but, 
for the bulk of LLW which is solid, the liquefaction required and the 
dispersive nature of the disposal concept make injection unfeasible. 

Deep well injection for waste disposal has been recently investigated by 
Trevorrow and co-workers at Argonne National Laboratory (98, 99), by Spitsyn f i 
and co-workers of the U.S.S.R. State Commission on the Use of Atomic Energy 
(87), by Louis R. Reeder and Associates in a contract study for EPA (79) and 
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by Kuhn and co-workers (61) of the Federal Republic of Germany. It is also 
one of the alternatives considered in the Draft Environmental Statement for 
the Management of Commercially Generated Radioactive Waste (101). A 
discussion of these investigations follows. 

Trevorrow's investigation considered deep well injection of low level aqueous 
nuclear fuel reprocessing waste. The requirements imposed by the volume; the 
chemical, physical, and biological nature of the waste; and design, operation, 
and monitoring considerations were considered in the investigation. His 
conclusions were: 1) deep well, injection should be as applicable to LLW as it 
has been applicable with apparent success to chemical wastes; 2) the areas of 
the US most likely to have suitable geologic conditions for deep well 
injection are the sedimentary basins. The total area of these basins is 
large, but substantial effort would be required to/choose a favorable site; 
3) the most important environmental impacts that could occur are degradation 
of high quality groundwater, contamination of resources, and the stimulation 
of earthquakes. The worst case contamination of potable water by the normal ~ 
low level aqueous waste from a reprocessing plant handling 5 metric tons of 
uranium per day has the capacity to expose 7,000 persons to water contaminated 
to the Public Health Service nitrate limit for drinking water and the capacity 
to cause a population dose of 3 x 10^ man-rem/year; 4) legal and regulatory 
constraints may be the most formidable barrier to the application of deep well 
injection to the disposal of low level aqueous waste. 

Spitsyn reported on the existing U.S.S.R. practice of disposing of low level g 
liquid radioactive waste by deep well injection. As of 1976, 2 x 10 cubic 
meters of wastes with a total activity of 95 x 10 curies had been disposed of 
in their Niiar reservoir. The wastes had spread out to 400 meters from the 
injection point. Gas releases from the injection formation were less than 
expected and were nonradioactive. The investigation is continuing, but 
Spitsyn concluded that their observations had confirmed the safety and economy 
of disposing of wastes with a specific activity of up to 25 curies/liter by 
deep well injection. 
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The Louis R. Reeder and Associates Study for the EPA reviewed deep well 
injection of hazardous, nonradioactive waste. A number of their conclusions 
are pertinent to disposal of LLW by deep well injection. These include: 
1) Sufficient geologic data are available to prepare comprehensive feasibility 
studies covering all geologic aspects except salt water aquifer hydrology; 
2) Aquifers with heavy brines or brackish water with less than "10,000 ppm of 
dissolved solids should not be considered as injection candidates because they 
are potential resources; 3) Deep well injection systems of nearly all types of 
industrial waste are a safe method of handling the wastes if the systems are 
properly located, designed, operated, managed, and regulated. Almost all 
operational failures in the past can be attributed to either not using 
available geological data or proven engineering design and completion 
practices; 4) Present monitoring techniques are adequate to detect waste 
passage but ineffective for continuous tracking of waste movement; 
5) Reservoir modeling in its present state of the art is not a useful 
predictive tool. 

Kuhn reported on preparations for test injections of tritium into an exploited 
oil lens near the Karlsruhe Nuclear Research Centre in the Federal Republic of 
Germany. A license for the test injection is expected this year. 
Preparations are based on extensive German experience with deep injections by 
the oil, potash, and chemical industries. 

The use of deep well injection is also being considered as one of the 
alternatives in the Draft Environmental Statement for the Management of 
Commercially Generated Radioactive Waste (101). Since it is not considered 
one of the nearer term alternatives for the disposal of HLW, only some 
feasibility and preliminary design work has been recommended (52). 
Consequently, the main benefit from the HLW program that would be useful if 
this alternative were implemented for LLW would be sharing the borehole and 
repository sealing technology being investigated for other higher priorityt-HLW 
alternatives. 

o 
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3.6 DISPOSAL IN HYDROFRACTURED STRATA 

3.6.1 Description and Application 

This alternative is similar to deep well injection (see Section 3.6) in that 
both techniques use wells to inject liquid waste into an underground 
formation. The main differences are in the techniques. In disposal using 
hydrofractured strata, the waste is mixed with grout which eventually hardens. 
In deep well injection, the waste remains in the liquid form in which it is 
injected. In hydrofracturing, fluid is injected under pressure exceeding in 
situ rock strength in order to fracture a suitable geological strata. In deep 
well injection, the injected fluid only has to overcome the hydrostatic 
pressure in the disposal formation. 

Hydrofracture is performed by injecting a fluid containing a gel and a 
material such as silica sand that will prop the fractured strata. To prepare 
for an injection,of waste, a solution containing a gel-breaking agent is 
pumped at high pressure and drained out of the formation, leaving most of the 
volume of the fractured strata available for waste injection. The waste is 
mixed with a grout and injected into the fractured strata. The grout-waste 
mixture hardens leaving the wastes fixed in the geological strata. Subsequent 
injections would each be handled similarly but would be at different 
elevations in the formation. The overall result would be a series of very 
thin horizontal sheets in the geological formation, each containing the waste 
from a single injection (106). Figure 3-5 illustrates this concept. 

For the hydrofracture technique to be successful, the geologic strata should 
be of low permeability and should readily split along horizontal planes by the 
induced hydraulic pressure. Horizontal fracturing is necessary, because 
vertical fractures could provide paths to the biosphere for waste leached out 
of the strata. Depending upon principal stress orientations, the use of 
hydrofracture pressures less than the overburden pressure could result in 
vertical fractures for rocks of relatively low tensile strength. The 
possibility is also present that existing vertical fractures of minor extent 
could become major fractures or even faults in response to induced fracturing. 
Hydrofracture pressures above the overburden pressure could result in vertical 
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FIGURE 3-5 
HYDROFRACTURING AND INJECTION 

(FROM ORNL DRAWING NO. 68-14501R) 
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and/or horizontal fracturing depending on the in situ state of stress and 
degree of anisotropy of the strata. By selecting relatively undeformed 
geological strata, such as flat-lying shale in which horizontal fractures 
predominate, vertical fracturing can be minimized (106). 

Waste isolation is dependent upon the disposal formation being remote from 
man-made and natural events, impermeable, and characterized by minimal stress 
conditions. 

Hydrofractured strata could accommodate liquid wastes and those wastes that 
could be converted to a readily injectable form (slurry). 

The advantages of this conccpt include: 

o A high degree of isolation and protection from natural and man-made 
events are possible. 

o The technology exists to implement this technique for liquid wastes. 

o There is good protection against deliberate and inadvertent contact. 

o The disposal site can be released at the end of its operational life for 
most uses not involving drilling or excavating to the range of depths 
used for waste emplacement. 

The disadvantages of this concept include: 

o Higher costs than shallow land burial would be required during the 
operational life of the disposal site. Comparison of long term costs is 
dependent on the extent to which remedial measures might be necessary for 
each disposal method. 

o The emplaced waste is irretrievable. 
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o Sorption barriers and other engineered barriers other than those 
incorporated in the grout cannot readily be emplaced around the waste. 

o The forms of wastes that can be disposed of are restricted to liquids and 
other readily injectable forms. 

o The stimulation of seismic activity as a result of the hydrofracture 
process is possible (101, 106). 

3.6.2 Equipment and Facility Requirements 

Hydrofracture can only be used when liquid or slurry waste is not shipped 
across Federal or interstate roadways or land. Existing regulations require 
that LLW be encapsulated in a form that meets solid monolith criteria. The 
discussion that follows assumes that the waste is generated, collected, 
processed, and disposed of by hydrofracture without leaving the nuclear 
facility site. It is also assumed that injection and observation wells are 
drilled prior to the initial operation of the hydrofracture facility for waste 
disposal. 

o Waste Receipt and Storage - Liquids 

Liquid waste would be forwarded to a hydrofracture facility tank "farm". 
The tank farm would be designed to hold sufficient quantities of waste 
for placement in a cost effective manner. Prior to injection, the 
chemistry, activity, and isotopic content of each tank would be 
determined by monitoring and/or sampling. 

o Waste Receipt and Storage - Solids 

Trash and other solid waste would have to be prepared to be injected as a 
slurry. Trash would be shredded and/or granulated to form pellets. 
Metals could be melted and flash-cooled to produce granulated ore 
product's, or they could be cryogenically crushed. Sophisticated handling 
techniques would be required to prepare the solid wastes for slurry 
application. 
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o Waste Documentation 

Once the liquid or slurry waste is collected and readied for injection, 
the volume, activity, and isotopic content of each injection would be 
logged. The grout mixtures and strata location for each injection would 
also 'e documented. 

o Hole Preparation 

The gel and silica fluid would be injected to fracture and prop the 
horizontal formation below the surface. The stored waste would be mixed 
with the grout plus additives and injected. 

3-6.3 Unusual Operational or Maintenance Requirements 

Provisions for monitoring induced seismic activity, increases in formation 
permeability, grout sheet orientation and extent, and groundwater quality 
would be required to assure the continued integrity of the disposal formation. 
This could be accomplished by using conventional seismic monitoring equipment 
and appropriately instrumented observation wells. 

3.6.4 Geologic/Environmental Parameters 

The geologic and environmental parameter for disposal in hydrofractured strata 
are generally as discussed in Section 3.5.4. However, the choice of isolation 
media for this concept is limited to rock formations that have high 

i, 

ion-exchange capacities and are: 1) largely homogeneous; 2) horizontally or 
near horizontally bedded; 4) structurally uncomplicated; 5) thick; 6) 
impervious; and 7) characterized by low in situ stresses. 

A high ion-exchange capacity would significantly delay migration of 
radionuclides leached from the injected grout sheet. Horizontality increases 
the probability that the hydrofracture and subsequent grout sheet will 
maintain a relatively horizontal attitude, which would most likely be incident 
to the bedding plane. Argillaceous rock, such as shale, claystone and 
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argillite, are the most likely candidates for the host rock -im =>»--; 

are not likely to be considered as isolation media because they tend to be 
pervaded by vertical and inclined fractures. Carbonate strata are excluded as 
host rock, owing to their inherent tendency to have undergone dissolution 
resulting in irregular and usually unpredictable, solution channels and 
enlarged fracture openings capable of transmitting groundwater. 

In situ stress is particularly important for this disposal alternative. Under 
optimum conditions, isotropic stresses are desirable. Alternatively, the 
minimum principal stress should be oriented vertically, so that induced 
fracturing will be oriented horizontally, parallel to flat-lying strata. 
Shale formation are known to fracture horizontally by this method to a depth 
of 500 to 1,000 meters (101). However, shale as well as other rock types have 
been routinely hydrofractured to depths considerably deeper than 1,000 meters 
to stimulate enhanced hydrocarbon recovery. 

Hydrofracture has a tendency to stimulate seismic activity in regions under a 
high state of stresses (101). However, this potential can be avoided by 
proper injection techniques and site selection for the latter. Tectonically 

ii unstable and seismically active regions should be excluded. 

It has been estimated that 30 to 35 percent of the continental U.S. is 
underlaid by shale that may be suitable for disposal by hydrofracture. 
Nonetheless, comparatively few of these areas are underlain by structurally 
uncomplicated, flat-lying, unfractured shale of sufficient thickness capable 
of storing a significantly large volume of LLW. This disposal technique 
require areas where containment will be assured, requiring appropriate 
thicknesses, lateral extent and deformational properties. 

3.6.5 Information/Technology Development Requirements 
i'/ 

Information is available from the pilot plant at the Oak Ridge National 
Laboratory (ORNL), which has used hydrofracture to dispose of liquid, 
intermediate level wastes for a number of years. For this alternative, to have 

of their high sorptive capacities and low permeabilities. 
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general applicability to LLW, processes would have to be developed (or '!, I, 
existing processes such as pelletization would have to be adapted) to easily 
convert the various LLW forms into liquids or slurries that could be mixed 
with grout and injected into hydrofractured strata. Changes may be required 
in the form in which wastes are shipped to disposal sites and, thus, in 
existing waste transportation regulations. Without this development, the 
hydrofracture concept would be useful in specialized situations (such as at 
ORNL) but would not have general applicability to LLW disposal. 

Data will be required on the expected integrity of the borehole seals that 
will be used for injection, monitoring, observation, and exploratory wells 
when the disposal facility is decommissioned. 

3.6.6 Related Investigations 

Two previous studied of alternative methods of disposal of radioactive waste 
have discussed this alternative. One of these reviews which emphasized HLW 
disposal (105) concluded that the primary safety concern associated with the 
use of hydrofracture for radioactive waste disposal is the integrity of long 
term containment. This concern was apparently based on the lack of data on 
long term containment of industrial waste disposed of by hydrofracturing and 
containment problems at two industrial hydrofracture sites from induced 
seismic activity. 

The other review which screened alternative methods of LLW disposal (66) 
concluded that: 1) comparatively few areas may be thick enough to contain 
large volumes of low level waste; 2) the concept would require extensive 
surface handling facilities for liquefaction of solid waste; 3) the concept 
would not provide definite containment; 4) the concept is not a workable 

» alternative for solid low level wastes. No supporting data was provided for 
these conclusions. 

Hydrofracture for the disposal of radioactive waste has been studied by ORNL 
for intermediate level waste on-site (106, 114) and by Acres American, Inc. 
for disposal of HLW at West Valley, N.Y. (1). Disposal of radioactive waste 
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in hydrofractured strata is also one of the alternatives considered in the 
Draft Environmental Impact Statement for the Management of Commercially 
Generated Radioactive Waste (101). A discussion of these studies follows. 

ORNL has used hydrofracture since 1966 to dispose of intermediate level waste 
(106, 114). The ORNL disposal method features: 1) the use of an isolated 
geological formation with a high ion exchange capacity and low permeability, 
2) relative ease of creating only horizontal fractures, and 3) the use of a 
grout that results in a monolithic sheet in the fractured strata. Various 
observations to check for induced seismic activity, surface uplift, increases 
in permeability, ground water movement, and orientation and location of the 
grout sheets have all shown the disposal method to be a satisfactory process 
for isolating the intermediate level waste at ORNL. The processes and 
equipment used in the ORNL hydrofracture operation have been developed 
specifically for the type of waste at ORNL. However, there is no apparent 
technical reason that the methods used at ORNL could not be adapted to 
accommodate other waste forms at other locations. 

In another study, Acres American, Inc. investigated the technical feasibility 
of using hydrofracture for disposal of high level radioactive wastes at the 
Nuclear Fuel Services site at West Valley, New York (1). Hydraulic fracturing 
experiments were conducted at the site by the USGS and ORNL from 1969 to 1971, 
including an actual hydrofracture of one of the test boreholes drilled at a 
depth of 500 meters. However, no waste has been injected to date at the site. 

Even with this data, the actual amount of site information is limited at West 
Valley. Therefore, to a large extent, analytical methods and extrapolation of 
regional data to the site were used in addition to the available site data in 
the study. Another source of information used extensively in the,study was 
the previous work performed at ORNL. 

The ultimate goal of the disposal project at West Valley was to inject over a 
two,to three year period 3,000,000 gallons of liquid waste and grout with an 
activity,level 0f approximately 8 Ci/gallon and transuranics >20nCi per gram. 
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The report concluded that it appears technically feasible to use hydrofracture 
techniques at the West Valley location. However, a detailed site program will 
be required before actual implementation of the plan could begin. Two other 
potential problems would also have to be resolved before the program could be 
started: 

o Conflict with natural gas and water supplies in the area. 
i 

o Potential adverse effects of a deep buried valley filled with glacial 
sediments on the local capability to produce horizontal fracturing. 

Disposal of HLW in hydrofractured strata is one of the alternatives considered 
in the Draft Environmental Impact Statement on the Management of Commercially 

• j i 
Generated Radioactive Waste. However, this alternative was not considered one 
of the nearer term approaches by the Interagency Review Group. It would, at 
most, receive funding to allow some feasibility and preliminary design work to 
proceed if the recommendations of the Interagency Review Group are followed 
(52). Consequently, borehole sealing technology and site-specific geologic 
data from higher priority portions of the HLW program would be useful if 
hydrofracture were implemented as part of the LLW program. 

3.7 DISPOSAL IN CAVITIES 

3.7.1 Description and Application 

Disposal in cavities involves emplacing LLW in a cavity in an appropriate 
geological formation (Figure 3-6). The cavity could be a natural cavern, a 
conventionally mined room and pillar or tunnel repository, a solution mined 
cavity in salt strata, a cavity formed by an explosion, or an abandoned mine. 
Containment of waste is dependent upon the stability of the geological 
formation and its isolation from human activities, natural events, and 
significant groundwater flow. All forms of LLW could be disposed of in 
suitably located cavities, although extensive use of methods to reduce waste 
volumes may be economically desirable. 
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The advantages of this concept include: 

o A high degree of isolation and protection from natural events is 
possible. 

o Mining technology exists to implement this alternative. 

o There is good protection against deliberate and inadvertent contact. 

o Retrievability is possible for many of the types of cavities considered. 
For some rock types, such as crystalline rock, the retrievability period 
could be extended as desired. For others, such as salt, retrievability 
would be possible only for some initial time because of salt's plastic 
deformation characteristics. 

o Sorption barriers and other engineered barriers could readily be 
accommodated. 

o The disposal site could be released at the end of its operational life 
for most uses not involving drilling or excavating to the' range of depths 
used for waste emplacement. 

o The concept has been extensively studied. The results from the HLW 
disposal programs of a number of countries could be. used, since mined 
repositories are the preferred choice of most countries investigating HLW 
disposal. The results of the German LLW disposal program which utilizes 
abandoned mines, would also be valuable (see Section 3.8.6). 

o Disposal of HLW and LLW in the same formation is possible. 

The disadvantages of this concept include: 

o Higher initial costs than shallow land burial would be required. 
Comparison of long term costs with costs expected for shallow land burial 
is dependent on what remedial measures may be necessary for each 
alternative during the period the waste is hazardous. 
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o For natural cavities, there may be considerable uncertainty regarding 
their extent and geometry. 

o For abandoned mines, previous blasting and drilling may have compromised 
the isolation integrity of the enclosing rock mass. 

3.7.2 Equipment and Facility Requirements 

A surface storage facility similar to that discussed in Section 3.2.2 for 
intermediate depth burial and in Section 3.4.2 for disposal in drilled holes 
would be required. The facility would include the capability of unloading 
waste containers and providing temporary storage for them. Prior to transfer 
to the repository, the characteristics of the waste and its disposal location 
would be documented. Waste could be transported to the disposal areas of the 
repository by a hoist for a room and pillar repository or by tracked vehicles 
for a tunnel. Conventional materials handling equipment could be used to 
unload the hoist or tracked vehicle and emplace the waste. 

Surface facilities would also be required for ventilating the repository 
during operation and for supporting underground mining or tunneling for 
additional disposal areas. Conventional underground mining or tunneling 
equipment could be used for additional excavation requirements. Provisions 
would be needed for surface storage of mined materials (101). 

3.7.3 Unusual Operational or Maintenance Requirements 

Protection of the mine shaft or tunnel entrance from infiltration of water 
would be required during its operational life until the shaft or tunnel was 
sealed. Protection could be provided via weather enclosures, diversion 
ditches, etc. In addition, this alternative has the operational and 
maintenance requirements that are normally associated with underground mining. 
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3.7.4 Environmental/Geological Parameters 

The important factors which affect isolation in cavities and must be 
considered in site selection are: rock mass, physicochemical and engineering 
properties, surface and ground water occurrence and flow characteristics, 
structural setting, seismicity, and the effects of mining operations. These 
elements should be considered in the context of the site, local, and regional 
settings to a depth and lateral extent dictated by previous reconnaissance and 

0 Cboring data. 

Several isolation media may be considered provided they are: 1) homogenous, 
2) devoid of discontinuities, especially open fractures, 3) structurally 
uncomplicated, 4) dry, and 5) impervious. The formations which merit 
investigation include salt, granite, shale, basalt, arid tuff. Groundwater may 
have attacked and dissolved carbonate rocks, so they are generally unsuitable 
candidates as isolation media. The uncertainties of groundwater flow through 
carbonate rock are significant. Each medium must be evaluated on the basis of 
specific host rock physicochemical and engineering properties as well as site 
conditions. 

VA potential-exists for fractures to pervade crystalline rocks such as granite 
and basalt; therefore, site exploration and in situ stress measurements must 
be conducted to determine the long term stability of such formations. 
Although the host rocks may be relatively ̂ impervious with respect to hydraulic 
flow through pore space, secondary conductivity through jointing must be 
investigated. 

Isolation within a suitable rock mass could be achieved down to 6,000 meters 
(67). Therefore, regions characterized by an unusually high geothermal 
gradient should be avoided as discussed in Section 3.4.4. Rocks with existing 
or potential economic worth should not be considered, because nearby mineral 
and hydrocarbon extraction could alter groundwater conditions and open or 
enlarge fractures. Most artificial cavities created by mineral or hydrocarbon 
extraction are probably unsuitable because of fracturing induced by mining 
operations. Tectonic stability and the absence of seismic activity are 
essential to ensure isolation. 
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plastic deformation, high thermal conductivity, and the absence of substantial 
groundwater infiltration. Argillaceous rocks such as shale, claystone, aud 
argillite are now being considered as host rock because of their plastic 
deformation properties in addition to their relatively high ion-exchange 
capacity and adsorption properties which enhance the retardation of 
radionuclide migration. 

Climatic conditions will affect groundwater conditions such that generally 
arid regions will have a deep water table, whereas those with moderate to high 
mean annual rainfall normally will be shallower. Some direct recharge should 
be expected in either case; therefore, site dependent infiltration and 
percolation rates should be investigated for all forms of disposal cavities. 

3.7.5 Information/Technology Development Requirements 

This alternative would use conventional surface facilities and equipment as 
well as conventional mining or tunneling equipment. Consequently, no new 
technology development is required for its implementation. However, if this 
alternative is chosen it would be desirable to investigate the development of 
methods and instrumentation that would make it possible to determine in situ 
bulk rock characteristics without the extensive core drilling that current 
techniques require. Methods being investigated include high resolution 
seismic, acoustic, electric, and electromagnetic techniques, such as short 
pulse radar and continuous wave interferometry (12). 

Data will be required on the expected integrity of the seals for the 
ventilation and access shafts and for the exploratory boreholes. 

3.7.6 Related Investigations 

Three previous reviews of alternative methods of disposal of radioactive waste 
have discussed this alternative. One of these reviews which emphasized HLW 
(105) discussed considerations for both conventionally mined and solution 

undoubtedly attributable 
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mined cavities. No insurmountable problems were identified for conventionally 
mined repositories. Potential difficulties for solution mined cavities are 
long term stability of the void created within the salt strata by the 
extraction process and disposal of the brine solution remaining within the 
void. 

The second review (66, 67) screened the various alternatives for disposal of 
LLW and selected a few alternatives considered feasible for more detailed 
evaluation. Disposal in mined cavities was considered a feasible alternative. 
With the evaluation criteria and weighting scheme used, it compared favorably 
with disposal in engineered facilities and ocean disposal but unfavorably with 
improvements to present shallow land burial practices and intermediate depth 
burial. 

The third review which evaluated selected alternatives for LLW disposal (111, 
112, 113) considered the use of abandoned mines, new mines, natural caverns, 
and ancient burial techniques. Their conclusions include: 1) most abandoned 
mines have serious hydrological, geostructural, and chemical problems; 2) dry 
caverns outside of karst regions with integrated subsurface drainage and 
excavation of new mines in tectonically and chemically stable areas deserve 
further consideration; 3) the history of ancient burial techniques indicates 
that more consideration should be given to the possibility of future human 
intrusion of decommissioned repositories. 

(i 
In addition to these reviews, there are very active and extensive 
investigations for the use of cavities for HLW disposal (and in some cases 
LLW) being conducted by the U.S., Canada, Japan, a number of European 
countries, and various international organizations (38, 41). Because of the 
large volume of published material available for this alternative, only 
selected highlights are discussed below. 

o U.S. - The U.S. has several major ongoing programs to identify potential 
repository sites and develop data and technology to use those sites for 
isolation of defense and commercially generated HLW (9, 10, 27, 103, 
104). Summaries of the current U.S. information base on mined 
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repositories is given in References 53, 101, 102, and 103. A full scale 
review of the overall U.S. radioactive waste management program was 
recently conducted by representatives of applicable Federal agencies 
(Interagency Review Group). The direction of the U.S. program will 
probably be based on the recommendations resulting from this review. Key 
recommendations relevant to the present discussion include: 1) near term 
program activities should be based on the assumption that the first 
Federal disposal facilities will be mined repositories; 2) research and 
development and detailed site-specific characterization work should 
include a variety of geologic media and begin immediately; 3) 
construction of a repository should proceed on a stepwise, technically 
conservative basis and should permit retrievability for some initial time 
period; 4) a systems approach should be used to select the geologic 
environment, repository site, and waste form; 5) long term isolation can 
only be assessed through analytical models; and 6) the effects of future 
human activities should be evaluated more carefully. 

\ 

Canada - Canada's HLW disposal program is concentrating on disposal in 
crystalline rock formations of the Canadian Shield (42). The program 
includes concept verification, site selection, construction, and 
operation of a demonstration facility. Disposal of low, intermediate, 
and high level waste in a single shared facility is the preferred option 
(17). By late 1981, the plutons (large masses of coarse grained 
crystalline rock) in the Canadian Shield which will be technically 
suitable for a waste disposal facility will be identified, and sufficient 
data will be available to assess the environmental impact of such a 
facility. Once the results from the concept verification phase are 
available, site selection will begin. Construction and operation of a 
demonstration facility at the selected site is not expected until the 
late 1980s. If operation of the demonstration facility is successful, it 
will either be expanded or a commercial facility will be built at another 
location. This decision is not expected before the end of the century. 

Several types of packaging of the waste for the repository are being 
considered. One involves the use of a corrosion-resistant metal as the 
major barrier to the release of radioactive material. Others include 
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encapsulation in metals or ceramic with metal matrixing and the 
incorporation of retardants. Investigations are also underway on 
backfill and overpack (buffer) materials which can retard water 
infiltration, adjust the chemistry of the water which does infiltrate, 
and act as a sorption barrier for radionuclides leached from the waste. 
The reference material, at this time, is a sand-bentonite mixture, but 
others are being considered. 

o Sweden - The top priority that the Swedish waste disposal program has 
received is the result of a Swedish law passed in April 1977, which 
stipulated that new nuclear plants could not be put in operation unless 
the plant owners could show that their radioactive waste could be 
disposed of in a completely safe way (39, 40). The program has resulted 
in the identification of three sites in Precambrian crystalline rock with 
suitable properties for waste disposal. The key factors in the Swedish 
disposal concept are: 1) a high integrity container for the waste (20 cm 
of copper with lead encased spent fuel or a titanium and lead container 
enclosing the stainless steel cylinder that contains the vitrified 
waste); 2) packing of the container in an impervious buffer material 
(bentonite or a bentonite/quartz sand mixture); 3) storage of the 
containers in stable bedrock with a low groundwater flow; and 4) chemical 
properties of the groundwater which severely inhibit leaching of the 
waste. Implementation of repository construction is not expected until 
the next century. 

Sweden is also studying ALMA, a repository at a depth of 50 meters in 
crystalline rock, for disposal of low and medium level waste (85). In 
these studies, they have considered the use of several short tunnels, one 
large cavern, and several deep vertical shafts with cylindrical cross 
sections. Each of these designs would include a sand-bentonite leakage 
barrier, and, in the latter two designs, this barrier would be backed up 
by S~"coViCi"f! wall. They have eliminated the tunnel alternative from 
their si.vidi;y because: 1) trucks would be required to transport the 
waste-.v-.ujJKih'the tunnel; 2) the excavated volume is not used efficiently; 
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The r e p o s i t o r y d e s i g n t e n t a t i v e l y 

cave rn and s e v e r a l v e r t i c a l s h a f t 

o Federal Republic of Germany - Germany's radioactive waste disposal 
program includes the following: 

The Gorleben salt dome will be investigated for possible 
construction of a waste repository for all of the various classes of 
waste produced by the German Nuclear "Entsorgungs - Zentrum" (83). 
The investigations are expected to begin this year and operation of 
the repository is expected in the early 1990s. Drilling three to 
seven holes as deep as 2,000 meters is planned to confirm the 
suitability of the salt domes for non-heat producing waste only. 
Drilling more numerous holes to about 250 meters is underway to 
provide data on the overlying strata, the characteristics of the 
aquifers, and the chemical and physical characteristics of the 
groundwater flow. Two shafts will be sunk based on the results of 
the deep drillings to determine the suitability of the salt dome for 
all waste, including heat producing waste, and to provide 
ventilation and access when the repository becomes operational. A 
model mine has been planned. Thi.; plan shows that the repository 
can be built and operated using current technology. For safety 
reasons, retrievability is not being considered in the design. The 
disposal area in the repository will be at a depth of 830 to 
900 meters. Shaft sealing will be via the frozen aquifer 
emplacement technique. LLW will be emplaced using the tumble-down 
technique developed at Asse, a salt mine used for radioactive waste 
disposal research and development (see discussion below). 
Alpha-emitting and medium activity waste with nonretrievable 
shielding will be remotely stacked. Top loading chambers will be 
used for medium activity waste using retrievable shielding. 
Excavated salt will be used to backfill and seal the various 
disposal chambers. The access and ventilation shafts will be 
backfilled with salt and sealed with a concrete plug. 

and 3) backfilling would be difficult, 
accepted is a combination oE one large 
alternatives. 
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The Asse salt mine has been used since the mid-1960s for projects 
related to disposal of low, medium, and high level waste (2, 59, 
62). The mine has several disadvantages that restrict its use as a 
final repository for HLW. However, these disadvantages are not 
considered serious enough to limit its use for research and 
development related to waste disposal or to pose undue risk to the 
environment for disposal of low and medium level waste. A number of 
techniques have been used for emplacing the LLW, but, since 1974, 
the LLW drums have been transported to the disposal chamber by a 
scoop-tram. They are dumped on a ramp of loose salt and rolled down 
this ramp without rupturing. The resulting pile of drums is 
periodically covered with loose salt. This method of emplacement 
results in lower doses to the disposal personnel, uses more chambers 
in the mine because of reduced dressing requirements, reduces the 
possibility of personnel or machinery tracking contamination out of 
the disposal area, and allows the disposal chamber to be completely 

H 
filled increasing the ultimate stability of the chamber. 
Investigations of improved backfilling material and sealing methods 
for filled disposal chambers are being pursued. 

The abandoned Konrad iron ore mine is being investigated for 
disposal of non-alpha emitting, low activity waste (13). The mine 
is 1,200 meters deep and installations are of modern design. An 
important geologic feature of the mine is the overlying strata of 
claystone and marlstones which form a 800 to 1,000 meter uniform 
geological barrier. These formations are aquitards and are an 
effective barrier against water inflow from the surface or 
groundwater horizons. However, even with this barrier, there is 
still a small inflow of water into the mine. It is believed that 
part of the water is surface water which was pumped into the mine 
for operational purposes. The rest is believed to come from the 
rock formation. Geomechanical, geophysical, and radiological 
investigations are underway to determine the suitability of the mine 
for waste disposal. 
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In situ solidification of low and medium level liquid waste in a 
salt cavern is being investigated as a possible disposal method 
(56). The liquids would be formed into pellets by adding an 
inorganic binder; the pellets would be mixed with a cement grout and 
either inactive or tritium-enriched water and injected into a large 
salt cavern. The mixture would harden in situ. Investigations 
being performed to evaluate the concept include specification of 
waste properties, determination of waste/binder and pellet 
properties, leachibility of the final product, assessment of the 
cavern, and studies of engineering features of the concept. 

Other countries - Investigation of waste disposal in cavities by 
countries other than those listed above include: 

Czechoslovakia - Use of dry, abandoned, limestone mines for disposal 
of radioactive wastes from isotope users and research institutes 
(28 ) . 

United Kingdom - Investigation of argillaceous, evaporite, and 
crystalline rock formations as possible repositories for HLW (33, 
38, 41). 

Italy - Investigations of disposal of HLW in a repository in clay 
and medium and low level waste in abandoned mines (41, 70). 

Belgium - Investigation of a repository in clay for HLW disposal 
(36, 38, 41). 

France - Investigation of geological repositories in rock salt and 
crystalline rock (41). 

Japan - Investigation of granite and zeolite rock formations as 
potential sites for a geologic repository (41). 
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Austria - Investigation of a proposed site in the Bohemian granitic 
massif for HLW disposal (50). 

If the use of cavities for LLW disposal is an alternative that is chosen for 
additional investigation as part of the LLW program, the benefits from the 
various programs considered above would include borehole and shaft sealing 
technology, emplacement techniques, engineered barrier effectiveness, 
evaluation methods, and generic data from the various disciplines involved. 
Additional benefits from the U.S. program are similar to those discussed in 
Section 3.4.6 for drilled holes and include: 1) review of sites identified 
and screened during the search for HLW disposal sites as potential LLW 
disposal sites; 2) use of applicable site-specific data collected at a given 
site to evaluate its ability to isolate HLW; 3) certain evaluations performed 
for HLW will not have to be repeated for LLW; 4) possible co-location of HLW 
and LLW in different areas of the same repository; and 5) possible use of 
sites inadequate for HLW disposal. 

3.8 SEABED DISPOSAL 

3.8.1 Description and Application 

This concept involves controlled emplacement of waste in either the 
unconsolidated sediment or basement rock of suitable portions of the ocean 
floor. Areas such as the abyssal plains, which are stable, have low 
biological productivity, experience relatively low ocean currents, and contain 
minimal known mineral resources, are the type of ocean floor areas that are 
being considered as disposal locations. The waste would be collected at shore 
locations, loaded in suitably equipped ships, and transported to the disposal 
location. The waste could either be emplaced in previously prepared holes or, 
if the ocean floor conditions permitted, emplaced in specialized containers 
that would penetrate the occan floor to the desired disposal depth 
(Figure 3-7). The concept relies on the stability and remoteness of the 
disposal area and on the confinement characteristics of the sediment at the 
selected depth for isolation of the waste. 
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LLW that was solidified and packaged in an appropriate medium could be 

accommodated. Minimizing waste volumes may be economically desirable. 

The advantages of this concept include: 

o A high degree of isolation and protection from natural and man-induced 
events are possible. . 

o There is good protection against deliberate and inadvertent contact. 

o Some degree of retrievability is possible. 

o Direct drilling into the^disposal area would be the only human activity 
that would have to be restricted during either the operational or 
post-operational period of the disposal site. 

o The results of the U.S. Ocean Bed Emplacement Program for HLW disposal 
could be used. This program includes extensive international cooperation 
and scientific interchange (53). 

o Disposal of HLW and LLW in the same formation is possible if this 
alternative is implemented for HLW disposal. 

The disadvantages of this alternative include: 

o Higher initial costs than shallow land burial would be required. 
Comparison of long term costs is dependent on the extent to which 
remedial measures are required for each disposal method. 

o The implementation of this alternative would require an extensive 
transportation network (ports, loading facilities, ships, etc.) and 
transportation of the wastes over distances not required for the other 
alternatives. 
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o The waste transport, disposal site preparations, and waste emplacement 
would occur in a less controlled environment than any of the other 
alternatives. 

o Less is known about the ocean floor properties in the areas of interest 
for waste disposal than is known about the land areas and geological 
formations used in the other alternatives (3, 53, 101). 

o Monitoring to detect leaks from the emplaced waste would be difficult. 

o -International consensus on feasibility and safety would be required to 
implement this alternative. 

o Sorption and other engineered barriers other than the waste packaging 
could not readily be accommodated. 

3.8.2 Equipment and Facility Requirements 

Two types of facilities are required for seabed disposal. One is a land based 
receiving area and the other is either an off-shore platform or a ship 
designed to emplace,the waste. 

o Land Based Receiving Area 

Encapsulated waste could be either temporarily stored at a land based 
facility or transferred to a transport ship. In either case, the 
characteristics of the waste would be documented. Wastes stored at„the 
land based receiving area would be readied for transport to the offshore 
seabed disposal area. 

o Ocean-going Transport Vehicle 

Conventional barge or ship transport would be used with modifications. 
The transport vehicle would be modified for shielding, isolation, and 
materials handling equipment. 
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o Offshore Facility 

If the waste is emplaced in drilled holes in the seabed, the offshore 
drilling rig would be similar to those used for oil drilling; If 
projectile emplacement is used, the transport vehicle would be modified 
with projectile launch equipment. 

o Waste Transfer to Deep Seabed 

Whether the encapsulated waste is placed or projected into the bed, the 
actual location of placement should be detectable and documented. Ocean 
floor mappings of waste placement would be required. 

3.8.3 Unusual Operational or Maintenance Requirements 

During waste placement, equipment that assures waste integrity must be used. 
Containers and casks would be required to function under significant 
hydrostatic pressures. 

'i 
Maintenance of equipment located off-shore is significantly more difficult 
than that of comparable land-based equipment. All equipment casks and waste 
containers would be subject to severe corrosion and encrustation. As a 
result, tolerance and mechanical clearances would be required to account for 
these deposits. 

Operations would have to be planned so adverse weather conditions, such as 
hurricanes do not interfere with waste transport or emplacement. Contingency 
plans would have to be developed to/;,cope with unforseen problems, e.g. sinking 
of ships transporting the radioactive material, etc. 

3.8.4 Geologic/Environmental Parameters 

The important^factors which affect isolation in seabed disposal and must be 
considered in site selection are: sea floor bathymetry, oceanic sediments and 
rock mass, their respective physicochemical and engineering properties, ocean 
current and sea floor characteristics. 
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Sea floor sediments and oceanic crustal rock are the containment media 
considered for this concept, provided they are: fairly homogenous and of 
sufficient thickness, especially in the case of the sediment layer overlying 
oceanic bedrock. In addition, each media must be evaluated on the basis of 
specific physicochemical and engineering properties as well as site 
conditions. Tectonically stable conditions are essential to assure isolation. 
Climatic conditions must be considered also; the scouring action caused by 
turbidity currents traveling along the ocean floor could uncover wastes buried 
in shallow, unconsolidated sediments. 

" f ' ' The best ocean floor sites may, be in the abyssal plains which are stable and 
relatively remote from the continental rises down which sediments slump 
periodically from the relatively shallow continental shelves. Nonetheless, 
there is much uncertainity regarding ocean floor processes which might 
compromise the integrity of waste isolation. 

Sea floor sediments may be considered as a confinement medium. These 
sediments are self healing (plastic), impervious, and possess excellent 
ion-exchange capacities. Radionuclides could migrate by hydraulic flow within 
these sediments; however, the adsorptive capabilities of the sediments will 
assist in retarding this process. Molecular diffusion would be the most 
probable means of radionuclide movement beyond the disposal site, assuming the 
absence of large fractures. 

3.8.5 Information/Technology Development Requirements 

State of the art equipment exists for drilling holes in the ocean floor, 

remotely operating machinery on the ocean floor. However, in order to use 
this equipment for waste emplacement, additional developmental work will 
probably be required. Equipment for retrieval of objects from the ocean floor 
also exists and could be adapted with some development for use in retrieving 

the waste. The other equipment required for this alternative is readily 
available and would not require additional development. 

emplacing small objects into ocean sediments using a penetrometer, and 

waste packages resulting from an accident during transport or emplacement 'of 
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The major information requirement for this alternative is sufficient data on 
the physical, chemical, geological, and biological;characteristics and 
processes affecting disposal to make quantitative', risk assessment possible. 
Data will also be required on the expected integrity waste containers. If 
the waste is emplaced in holes drilled in the ocê an iloor, data will be needed 
on the expected ^integrity of 'the seals for theŝ e ho.v.'JD, during the time 
required for LVlj isolation. , .'A'. 

3.8.6 Related Investigations 

Two previous studies of alternative disposal methods for radioactive waste 
have considered this alternative. One of these reviews which emphasized HLW 
disposal (105) concluded^ 1) the engineering capabilities for carrying out 
oceanic operations are far^ahead of the research required to identify the 
critical emplacement parameters and breachment modes; 2) emplacement of waste 

O. o .> j ; 

canisters well below the ocean floor appears to provide a set of barriers to 
the release of radionuclides; 3) there are regions of the oceans that appear 
to be suitable for study as disposal locations (midplate/midgyre regions of 
the major oceanic basins); 4) although insufficient data is available to 
assess technical feasibility, enough is known to define the questions and the 
systematic interdisciplinary effort required to answer them; and 5) no 
insurmountable technical barriers for this disposal concept have been 
identified. (( 

The other review which evaluated alternative methods of LLW disposal (67) 
concluded that seabed disposal of LLW was a feasible alternative, but, with 
the evaluation criteria and weighting scheme used, it was one of the least 
favorable alternatives compared with the other alternatives studied 
(improvements to shallow land burial, intermediate depth burial, disposal in 
cavities, disposal in engineered facilities, and ocean disposal). 

Both the technical and nontechnical issues related to the use of the seabed 
for.HLW disposal are being studied actively by a number of countries as 
evidenced by the following: 

o 
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An International Seabed Working Group, which includes the U.S., United 
Kingdom, France, Japan, and Canada, has been organized under the auspices 
of the Nuclear Energy Agency. The goals of the working group include 
coordination of research; exchange of'"data, testing procedures, and 
samples; and sharing of facilities and,equipment (3). 

International workshops on seabed disposal of HLW have been held annually 
since 1976. Participation in these workshops has included not only 
members of the International Seabed Working Group but a number of other 
nations (48). ., 

The Commission of the European Communities has suggested in their recent 
Proposal for a Second Five Year Programme (1980-84) on Radioactive Waste 
Management and Storage that disposal in seabed geological formations be 
studied (21). Their proposed program includes a preliminary assessment 
of the following design and engineering problems associated with 
disposal: identification and evaluation of critical emplacement 
parameters and container failure and safety assessments of waste 
isolation properties. 

Seabed disposal is one of the alternatives the U.S. is considering as 
noted in the Draft Environmental Impact Statement for the Management of 
Commercially Generated Radioactive Waste (101). 

The U.S. has underway a three-phase program for investigating seabed 
disposal of HLW. The end dates for the three phases are 1983, 1990, and 
1995, respectively. Each succeeding phase will continue only if nothing 
is identified in the previous phase to eliminate the concept. The near 
term objectives of Phase 1 are assessing the environmental and technical 
feasibility of HLW disposal in geological formations below suitable 

( 

portions of the ocean floor and developing a capability of assessing 
ocean disposal programs developed by other nations. Phase 2 will assess 

i. 

he engineering aspects of HLW emplacement. Phase 3 will attempt to 
demonstrate the seabed disposal concept through semiroutine emplacement 
(3, 53). The funding for the program is expected to continue since the 
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IRG has recommended the concept for funding support so that it can be 
adequately evaluated as a potential competitor to mined repositories 
(52). 

o Deese has extensively studied the political, legal, institutional, and 
ethical issues of seabed disposal of HLW (25, 26). His major conclusions 
include: 1) it is not yet clear whether legal and political obstacles to 
the use of the seabed can be surmounted, 2) development of sound legal 
controls cannot be permitted to lag behind advances in science and 
technology, 3). the total amount of radioactivity from all sources should 
be controlled so that it will not exceed what the marine environment can 
tolerate, and 4) the interim legal position that the nation involved in 
seabed disposal should take is that, if seabed disposal threatens the 
marine environment, it will be considered dumping as defined in the 
London convention of 1972. If seabed disposal is adequately 
demonstrated, it may be suitable for radioactive waste disposal and 
implemented under the London convention and/or a specifically negotiated 
international agreement. 

If seabed disposal of LLW is an alternative that is chosen for additional 
investigation as part of the LLW program, there are several ways in which 
results from the HLW studies discussed above could be useful. The benefits of 
avoiding duplication in site selection and siteTspecific data gathering are 
similar to those discussed in Section 3.8.6 for disposal in cavities. 
Additional benefits include: 

o Evaluation of isolation characteristics - Many of the studies performed 
to identify and evaluate ocean floor processes affecting isolation will 
not have to be repeated for LLW. 

o Use of HLW sites - Sites evaluated and rejected for HLW disposal may be 
adequate for LLW disposal. Sites approved for HLW disposal may 
accommodate LLW disposal at the same location. 
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o Waste transport and emplacement - The transportation network and 
emplacement techniques that will be developed if seabed disposal is used 
for HLW disposal will probably be readily adaptable to LLW with minor 
modifications. 
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SECTION 4.0 
CONCLUSIONS 

As a result of this review, certain alternatives appear to have significant 
advantages and fewer disadvantages than others. However, before selecting the 
most desirable alternatives for the disposal of LLW, it will be necessary to 
develop evaluation criteria and reference concepts to perform a detailed 
comparative evaluation. Even though such an evaluation has not been performed 
as part of this review, the following comparisons can be made based on the 
information collected: 

o Disposal in cavities is the alternative that has been studied the most 
extensively and the one that would benefit the most from the results of 
the near term HLW program. Disposal below the water table using either 
intermediate depth burial or disposal in drilled holes has been studied 
the least extensively but definitely merits further investigation. 
Seabed disposal is being actively studied but is the alternative that is 
expected to require the most additional study for implementation. 

t ! 

o The alternatives that appear to have the potential to provide the highest 
degree of protection from unauthorized contact and/or natural events are 
disposal in cavities and seabed disposal. Upgrade of shallow land burial 
and disposal in engineered facilities offer the least protection because 
of their proximity to human activities and natural forces. The isolation 
provided by any of the alternatives will be a function of the engineered 
barriers, if any, incorporated in the concept and site-specific 
properties of actual disposal locations. 

o Restrictions on the future use of decommissioned disposal sites would be 
the greatest for upgrade of shallow land burial and disposal in 
engineered facilities. Substantially, fewer restrictions would be 
required for the alternatives with seabed disposal being the least 
restrictive. 
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The only alternatives requiring technology development before they can be 

implemented are seabed disposal and disposal of non-liquid waste using 

deep well injection or hydrofractured strata. For the other alternatives 

there are technological developments that are desirable but are not 

required for their implementation. 

The facilities and equipment required to implement disposal operations 

would be the greatest for seabed disposal and least for upgrade of 

shallow land burial and intermediate depth burial. The requirements for 

the other alternatives are intermediate between these but are not 

expected to present unusual difficulties in their implementation. 

Seabed disposal is the only alternative whose operation and maintenance 

requirements are expected to present unusual difficulties. 

The short term cost of all the alternatives are expected to be higher 

than the costs for present burial practices. However, the long term 

costs of present burial practicits jjldy be higher since expensive 

corrective measures and close surveillance have been and will be required 

for the forseeable future at somo !!!{j|i|( gtounds. 

Retrievability is possible to some degree for all of the alternatives 
except disposal in hydrofractiured strata. Where ffi( pfvi^jlity is 
pnuulble, seabed disposal anc,1 deep well iii,jucLjHjj MjiflrhMl ^ |)tB80nt 
the most difficulties and etigiHt̂ P| ll| |dci||||H!' j ||p | I • 
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