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A PRELIMINARY ASSESSMENT OF MINERALOGICAL CRITERIA ON THE

UTILITY OF ARGILLACEGUS ROCKS AND MINERALS FOR
HIGH~-LEVEL RADIOACTIVE WASTE DISPOSAL

Otto C. Kopp

ABSTRACT

Shales and clay-rich rocks possess very favorable properties
for the isolation and containment of high-level radiocactive waste.
Clays and mixtures of clay minerals with other substances also
appear to be among the most suitable materials for buffers and
backfill io undérground repositories.

The purpose of this study was to review available data
concerning the properties reported for these rocks and minerals
to determine whether such information could be instrumental in
selecting the more favorable assemblages of clays for waste
repository purposes.

Literature searches were conducted for reports dealing with
the properties of these argillaceous materials. The properties
that were obtained from appropriate references were recorded in
an Appleworks Database (Appendix A). The data are divided into
five major groups: chemical properties, general physical properties,
hydrologic properties, mechanical properties, and thermal properties.
The Database includes such inforwmation as the type of material,
formation name, geological age, location, depth, test conditions,
results, and reference(s). Partial data are recorded in separate
Appendixes based on property (Appendix B), material (Appendix C),
and formation name (Appendix D).

In general, noticeable correlations were not apparent when
mineralogical information was compared with various properties
using plots of the data for each individual property. The best
correlations were obtained for chemical and certalin mechanical
and hydrologic properties. Thermal properties appear to be
least influenced by clay mineral cowmposition.

An important reason for the inability to correlate
mineralogical cowmpositions with most properties was the lack
of uniformity of test methods, test conditions, and even the
units used for reporting the final data. Also, there was very
limited information concerning the mineralogical compositions
of most of the shales tested.

The potential exists for identifylong the more suitable
formations (or specific horizons within formations) using
mineralogical data; however, in order to make such selections,
it will be necessary to collect future data using standardized
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test methods and conditions. The mineralogical compositions
of the samples tested need to be determined quantitatively
rather than qualitatively. 1In addition, information relative
to the character of argillacecus rocks (e.g., degree of
preferred orientation of the clay flakes, and the nature

and extent of cementation) will aild our understanding of

the relationships between mineralogical composition and

rock properties.

1. TINTRODUCTION

The Oak Ridge National Laboratory (ORNL) recently completed a com—
parative evaluation of five sedimentary rocks (CROFF 1986a, 1986b, and
1986¢), notably shales, carbonates, sandstones, anhydrite, and chalk, to
determine their relative potential as host media for the disposal of high-
level radioactive wastes. On the basis of generic features and character—
istics, shale was determined to have the greatest potential for waste
repository development.

Thick and extensive deposits of shale underlie most regions of the
United States (GONZALES 1985). These possess a wide range of chemical,
hydrologic, mechanical, and thermal properties. Furthermore, shales con-
sist, for the most part, of clay minerals or clay-sized mineral grains.

The most common groups of these clays are illite, smectite, chlorite, and
kaolinite. With variations in the types and quantities of clays as well as
nonclay counstituents, such as quartz, it is not umexpected that shales show
wide differences in properties and behavior. With increasing age, tem-
perature, and pressure, illitic clays tend to dominate in shale deposits
while smectitic clays are frequently most abundant in younger sediments.
Carbonate and carbon contents are usually low in shales but, in certain
deposits, may range up to 50% for the former and 157 for the latter. Thus,
the type and amount of clay, organic content, and carbonate content are the
greatest variables in shale compositions.

In order to select shales that possess the most favorable charac~
teristics for rvepository utility, it is apparent that data on the chemical,

hydrologic, mechanical, and thermal properties of various shale types are



needed, along with the mineralogical compositions of these shales. The
initial step in this investigation was to survey the literature for
measured values of material properties and to attempt to correlate them
with the main group of mineralogical assemblages.

Several difficulties were apparent while trying to utilize the
available literature data for comparing the compositions of shales and
other clay-rich material with various properties. There was a lack of uni-
formity in the test methcds and conditions, as well as the units used for

reporting the results. These problems will be addressed in detail later.
2. CLAY MINERAL PROPERTIES

The intention of this report is to review the relationships between
mineralogical composition and the properties of shaley rocks. For details
concerning the mineralogic aspects of clay minerals, the interested reader
is referred to standard clay mineralogy texts (e.g., GRIM 1968; MILLOT
1970; NEMECZ 1981) or to recent reports (e.g., WEAVER 1979; MEYER 1983)
concerning the disposal of radioactive wastes.

Clay mineral properties can be difficult to measure accurately for
several reasons. First, pure clay minerals are rather rare. Other constit-
uents, such as quartz, feldspars, aluminum and/or iron oxides and hydrox-
ides, organic matter, and other minor minerals, are usually present. Unless
steps are taken to remove all dmpurities first, the test results will apply
to a mixture of minerals rather than to a pure clay. On the other hand, if
attempts are made to purify the clay, it is generally necessary to separate
the impurities through mechanical and chemical treatments, and the resulting
“pure” clay may differ from the material present in the rocks at a waste
repository. Second, many important properties must be measured over long
time intervals and/or distances. Attempts to measure such properties in
the laboratory in small samples and in relatively short time periods may
give results that are unrealistic when actual repository counditions are
considered., Third, the interaction of clays with pore fluids of various
compositions may result in changes in physical and/or chemical properties.

Fourth, universally accepted laboratory methods are not available for many



important properties; hence, even when splits* of the same material are
tested, different workers may get different results. Fifth, the fact that
different terms are sometimes used for essentially the same measured prop—
erty and the lack of uniformity in the units used to express the results
(especially in the older literature) mske it difficult te compare and eval-—
uate data obtained from different sources or measured at different times.

The nature of clay mineral properties will be outlined first because
we need to know what these properties are, how they are determined, and how
valid the determinations may be. Only then can we review the present state
of knowledge about clays to see 1f the desired pieces of information are
available, missing, or not well known.

Clay mineral properties may be divided into five major groups: chenmi-
cal, general physical, hydrologic, mechanical, and thermal. The reader
should bear in mind that many individual properties are closely interrvre~
lated. For example, two specimens of the same clay mineral compacted at
two different pressures and/or moisture contents (hence having different
densities) will differ in hydraulic conductivity. Likewise, hydraulic con~
ductivity is strongly influenced by chemical bonds with water molecules at
clay mineral surfaces and the nature of other chemical species present in
the pore fluids.

The Database presented in Appendix A was prepared using the following
references: BEALL 1982; BOCOLA 1981; BRADLEY 1983; CHAPMAN 1985; CROFF
1986a; 1986b, and 1986c; COUTURE 1983; DOE 1980, 1981; CONZALES 1985; GRAY
1984; KIBBE 1978; LOMENICK 1983; MEYER 1983; MOAK 1981; NEA 1979a, 1979b,
1981; OSCARSON 1983; PUSCH 1977, 1978; ROY 1982; SOUDEK 1983; WEAVER 1973,
1976, 1979; and WOOD 1981. Several other reports and report abstracts were
examined but omitted because they contained no apparent useful information
for this review.

Chemical properties {(Appendix A.l) include batch distribution ratio,

diffusivity, iom—exchange capacity, and scrption coefficient.

*A split is defined heve as a representative portion of a sample
having the same mwineralogy, chemical composition; and textural
characteristics as similar portions of the same sample used for wmeasuring
other properties.,



General physical properties (Appendix A.2) include density, meisture
content (or water content), porosity, specific gravity, specific surface,
and void ratio.

Hydrologic properties (Appendix A.3) include groundwater travel
distance, hydraulic conductivity (and permeability), inflow, specific
storage, and travel time,

Mechanical properties (Appendix A.4) include bulk modulus, cohesion,
compressive strength, friction angle, plasticity (liquid limit, plastic
limit, plastic or plasticity index, and shrinkage limit), Polsson's ratio,
shear modulus, shear strength, swelling, swelling distance, swelling
pressure, tensile strength, and Young's {elastic) modulus.

Thermal properties (Appendix A.5) include coefficient of linear expan—-
sion, heat capacity and specific heat capacity, thermal conductivity (heat
conductivity), and thermal diffusivity.

A discussion of these individual properties follows.

3. CHEMICAL PROPERTIES

Chemical properties include batch distribution ratio (Rd) and sorption
coefficient (Kd), ion~exchange capacity, and diffusivity. The first two
properties are closely related and are measured by determining both the
quantity of specific ions sorbed by the clays and clay-rich rocks being
studied and the quantities of those ions remaining in the fluid phase. The

appropriate equation 1is:

_ & radionuclide on sorbent/g sorbent

Kd g radionuclide in fluid/mL fluid

[Note: Kd describes the distribution of a trace element between two
substances measured at equilibrium. In those cases where equilibrium is
not proven, the term Rd may be used instead of Kd. Many of the values
stated in the literature as Kd's are probably actually Rd's.]

These measurements are very sensitive to experimental conditions
(temperature, pH, Eh, concentratlon, valence states, nature and con-

centrations of other ions present, etc.) and often show quite a range of



values even for a single mineral species or rtock type. Ion—exchange
capacity (either cation or anion) is a related property but, in a strict
sense, refers only to those ions that can be adsorbed onto exchange sites.
There is no obvious mathematical relationship between batch distribution
ratio or sorption coefficient and ion-exchange capacity; however, minerals
that possess large ion-exchange capacities are likely to have large sorp~
tion coefficients.

Mass transport depends on hydraulic conductivity and the effective
mass diffusion coefficient (QSCARSON 1983). If hydraulic conductivity is
low, diffusion may be the dominant mechanism. Diffusion 1Is strongly
influenced by the Kd and is difficult to measure; hence, there are few
values for properties such as diffusivity available.

Chemical properties will be very important in the selection of sites
for waste disposal. The waste containers, buffers, and other nearby
materials that may be used to isolate radioactive wastes may be breached by
mechanical means or through corrosion. TIn that event, the surrounding host
rock will act as the ultimate container, retarding the flow of fluids (into
and/or out of the containers) and sorbing the radionuclides from any fluids
that might escape. Many clay minerals do not have good sorption properties
for anions such as ilodine. Some workers (e.g., BEALL 1982) have suggested
that other minerals (e.g., cinnabar, galena, and chalcocite) may be added
to the buffer to sorb such anionic species.

The role of organics 1is also thought to be important. Organic com-
pounds way react directly with some radionuclides. In addition, the pres-
ence of organic matter may influence the pH and Eh of the local environment
and lead to changes in the valence states of certain radionuclides, which

in turn could significantly change their solubilities and sorption behavior.

4. GENERAL PHYSICAL PROPERTIES

Density (the mass per unit volume of a substance) 1is an lmportant prop-
erty of clays and clay-rich rocks. 7The density value reflects not only the
proportions of mineral matter and void spaces, but it can also be used to
estimate the depth of burial of shale or as an indicator of the stress

applied to clay—-rich material (e.g., artificially compacted material).



Note that density can be determined for material that has been air-
dried or oven—dried, is moist (as taken from saturated material), has been
equilibrated with moist air, etc., or the density of the grains that com-
prise the sample can be measured. 1If the specific type of density deter—
mined was stated, it is listed in Appendix A.2. However, since the type of
density may not be stated, caution is advised when comparing the results
from several different sources. 1In some cases, tests were performed on
clay minerals to which speclfic amounts of water had been added. (This is
usually stated.) Caution is also advised if there 1is any evidence that the
material was oven~dried since the properties of clay minerals, sucH as the
smectites and~halloysite, may be irrevocably changed if dried above certain
temperatures in air. The results for samples of shales and other clay-rich
rocks that were exposed to the atmosphere for extended perieds prior to the
determination of density will not represent the in situ values for the
rocks. (The same statement applies to any properties measured on samples
that have been allowed to dry out.) Values listed for specific gravity are
normally dimensionless but can be readily converted to density values.

Several other importaant parameters, such as its hydraulic and thermal
properties, are influenced directly or indirectly by the density of a rock
sample. 1In fact, many important physical and chemical parameters are
interrelated. Unfortunately, when various materials are tested, it 1s not
feasible to change all of the possible variables; hence, specific tests
relating two variables may be determined at only one or two temperatures,
at a given pH, or under some other set of fixed conditions. 1In many cases,
the experimental conditions are not stated in the reports examined.
(However, some of this information may be available in the original
references,)

Porosity and vold ratio measure the amount of pore (open) space left
between the solid mineral grains. Porosity expresses the percentage of
pore space as compared with the total volume of the sample (total volume of
pores divided by total volume of sample, multiplied by 100%). The meaning
of effective porosity is less well defined but is taken here to be similar
to that of porosity except that the pore space measured is limited to
interconnected pore space from which fluids can migrate or into which

flulds can enter. Like porosity, effective porosity is expressed as a



percentage. For a given sample, effective porosity cannot exceed porosity;
and, in general, the effective porosity is a much smaller percentage. In
some reporls, no dimensions are stated. Void ratio is a dimensionless
number that expresses the ratio of the total volume of the pore spaces to
the total volume of the solid (note that the ratio is not compared with the
total volume of the sample).

Accurate determination of porosity is not easily accomplished. One
technique uses mercury under pressure, which is forced into ever-smaller
pore spaces. Porosity changes with depth and degree of cementation and,
therefore, is markedly affected by grain size and shape distributions.

Like bulk density, porosity is interrelated with many physical and chemical
properties. For example, the amount of porosity and the nature of the
substances that fill the pores of a vock will influence both its hydrologic
and thermal properties.

Moisture content (or water content) designates the amount of water
(usually in weight percent) contained in a clay or clay~rich rock. In some
cases, the value represents the amount of water added to a clay or rock by

the investigator in order to change its properties.

5. HYDROLOGIC PROPERTIES

The two most frequent measurements are hydraulic conductivity (K) and
permeability (or intrinsic permeability) (k). Permeability, which is a
measure of the ability of a substance to tramsmit fluids, is determined by
several factors, including the rate of flow of the fluid (q), the cross-
sectional area of the porous medium (A), the pressure drop along the length
of the sample (Ap), the length of the sample (L), and the viscosity of the
fluid (u). The relationship among these variables is:

where yu is in centipoises.
More recently, most investigators use K to characterize the flow of
fluids through porous media. Hydrauliec conductivity is determined by the

density of the fluid (py), the acceleration due to gravity (g), the



permeability of the solid (k), and the viscosity of the fluid (p). The

relationship among these variables is:

K = (kpwg)/u ,

where k is given in square centimeters.
The terms permeability and hydraulic conductivity are often used
interchangeably; hence, it is important to look at the units of measurement

to determine which property was measured. They are related by:

K = 9.6 x 1077 k

and

k = 1.033 x 106 K.

Physical factors that influence hydraulic properties include grain
packing, compaction history, grain size, grain size distribution, and the
grain shapes. Morgenstern has presented evidence, to show that in fine-
gralned rocks the particle arrangement dominates the hydraulic flow
properties (RIEKE 1974).

Less information is available for specific storage, which refers to
the volume of water taken into storage, or discharged, per unit volume of
rock for a unit change in hydrostatic head. The equation for specific

storage 1is:

Ss = pw8(1/Eg + ¢/Ey) ,

55 = specific storage,

g = weight of a unit volume of interstitial fluid,
Eg = modulus of compression of matrix,
¢ = porosity, and

= bulk modulus of the interstitial fluid.

=]
%
I
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Specific storage is related to the elastic properties of sediments and
water. Few of the reports checked thus far have made reference to this
property, but it may be a useful measurement in future studies of waste
disposal sites.

Only limited references were made to properties such as groundwater
travel distance, inflow, travel time, and hydraulic diffusivity.
Groundwater travel distance is the distance (in meters) that grouadwater
will travel in 100,000 years. Inflow is an estimate (calculated) of the
rate at which groundwater will flow into mined openings, making certain
assumptions about the size of the opening, the hydraulic head, and extent
of the saturated zone. Travel time is the length of time (years) that it
will take (calculated) for groundwater to travel between the disturbed zone

and the accessible environment.

6. MECHANICAL PROPERTIES

Strength, elasticity, and plasticity are very important mechanical
properties of clays and clay-rich rocks. These properties can help us
to resolve important questions concerning waste disposal such as: (1) will
an underground opening remain open for a given period of time while mate-
rials are being emplaced; (2) will a substrate be capable of supporting
vehicles being used to transport material; (3) will a substrate be capable
of supporting canisters in a predetermined position; and (4) will manufac~-
tured materials (preformed blocks) maintain their shape during handling?
There have been a number of recent studies and summaries of past studies
concerning these properties. The reader's attention is especially directed
to RIEKE (1974), a work which provides detailed explanations of many of the
properties of argillacecus materials. Much of this information was devel-
oped by researchers during investigations of the sedimentary rocks found in
oil fields. Here, vast quantities of argillaceous rocks were subjected to
wide ranges of temperature, pressure, and time.

Strength, elasticity, plasticity, and other mechanical properties are
affected by many of the other characteristics of clay~rich materials,
including the clay mineral cowmposition, the pevcentage of clays present,

the presence of cements and other minerals, the grain size and shape
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distribution, the density and/or porosity, the amount of flulds present and
the chemical species present in those fluids, the previous compactional
history of the material, and the temperature. In many laboratory tests,
only two or three variables are measured under a range of conditions. This
makes it difficult to compare the results presented by different
researchers. These properties will be, in part, site-specific (dominated
by the properties of the host rocks) and, in part, determined by the
materials and processes used to prepare materials for the buffer and back-
f111. Published reports of data on various strength properties can only
give us ideas concerning the ranges that might be anticipated for clay-rich
material. a

Young's (elastic) modulus, wmodulus of rigidity, bulk modulus, and
Poisson's ratio have been discussed in detail (RIEKE 1974). These
researchers note several reasons why laboratory results (static and
destructive) are subject to inaccuracies and why dynamic (nondestructive
and/or in situ) measurements are more likely to reflect the true properties
of a rock. Equations relating the elastic constants in an isotropic sedi-

mentary rock body are summarized below:

Modulus of elasticity

(Young's modulus): E= 26(1 +v) ,
Modulus of rigidity
(Shear modulus): G = —E s
2(1 - v)
Bulk modulus: R - — s
3(1 - 2y)
Poisscn's ratio: v = ratio of lateral to

longitudinal strain |

where E is the slope of the stress-straln curve.
Compressive strength, shear strength, and tensile strength may be
measured under several different sets of experimental conditions that are

not always clearly stated in reports. The presence, or absence, of friction
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reducers on the platens can have a significant effect on the test results.
In general, the "strength” of a material is determined by measuring the
stress that is needed to cause failure. Failure may be manifested by
cracking, rupture, shearing, and loss of load-bearing capacity. Data con~
ceruing unconfined compression tests of clay-rich wmaterial are fairly com—
mon; however, such information has limited application to conditions in
waste repositories where the material will be mechanically compacted either
during emplacement or by stress applied by the overburden within a geologi-
cally short time after a repository has been sealed. The streungth of clay-
rich material is affected primarily by its moisture content and plasticity.
In addition, the clay mineralogy, the nature of the exchange sites and the
manner in which water is oriented on the clay surfaces, stress history,
grain size and shape distribution, confining pressure, temperature, rate of
loading, and deformation are all factors that influence strength.

Plasticity can be measured in several differvent ways. A common wmethod
involves measuring the behavior of clays as water is added to the system.
The various limlts are collectively known as the Atterburg Limits, which
are usually determined for scils or unconsolidated material. The plastic
limir is given by the minimum weight percent water at whilich the material
exhibits plastic behavior. The plastic behavior begins when enough water
has been added to overcome the attractive forces between the individual
clay grains and the shear streungih of the clay diminishes significantly.
The liquid limit is the minimum weight percent water at which the material
behaves like a liquid. The plastic, or plastiecity, index (liquid limit
minus plastic liwit) defines the limits of plastic behavior. The shrinkage
liwit is the weight percent water at which the volume decrease is no longer
linearly proportional to the water content.

Plasticity will probably have little influence ou the choice of deep
disposal sites because of the preexisting compacted nature of the burial
formation. These properties could be significant, however, in the selec—
tion of shallower sites (or less—compacted formations such as the Gulf
Coast clays), and they could also be very important in the selection of
buffer and/or backfill materials. For example, through proper selection,
the behavior of the buffer and/or backfill could be modified to facilitate

emplacement by making relatively swmall changes in water content.
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Conversely, improperly selected material might give a false sense of
security. Its strength might be diminished significantly if a small amount
of water were added to the system by any means.

Volume stability (swelling and shrinking) is an important aspect of
buffers and backfill material, as well as material which may be used to
form a seal when a repository is closed. On the one hand, excessive
swelling can generate pressure which might damage canisters or surrounding
materials. On the other hand, excessive shrinkage might destroy the effec-
tiveness of a seal and admit fluids from external sources or release fluids
from within the repository site. Volume stability is affected by clay
mineralogy, mineral content, volume of fluids present and their chemistry,
porosity (void ratio), grain size and shape distribution, stress history,
and temperature., Swelling is a measure of the amount (in percent) of
volume change that occurs if water is added to an unsaturated clay under
negligible confining pressure. Swelling pressure results if the clay-water
mixture is confined. The more plastic clays, such as the smectites, tend
to develop higher swelling pressures. Conversely, such clays are apt to
undergo the greatest shrinkage when water is removed. Swelling distance
refers to the distance that a clay will intrude into a small fracture in

the surrounding rock.
7. THERMAL PROPERTIES
Thermal properties that have been measured for clays and clay-rich
rocks include the coefficient of linear expansion, heat capacity and/or
specific heat (two properties which are closely related), thermal conduc-

tivity (k or 1), and thermal diffusivity (D or a). These properties are

related to each other by the equation:

D-‘-‘-k/Cp 3

where

o]
]

specific heat, and
density.

©
]
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Thermal properties are very important because the heat generated by
the radioactive wastes must be dissipated through the canisters, buffer,
backfill, and the surrounding rock rapidly so that the localized effects
are minimized. At the very least, there might be structural changes in
nearby clay minerals (which might release water into the system).

Thermal properties can be measured in situ or in the laboratory, or
calculated, taking into account the specific heat of the material being
tested as well as other physical conditions of a hypothetical repository.
Although a modest amount of thermal data is available, there appear to be

only a few resulis derived from the testing of large samples.

8. DISCUSSION

A primary purpose of this investigation was to determine whether data
from the literature could be used to select suitable shales or assewblages
of clays for high—~level waste repositories. Initially, it was thought that
sufficient information would be available for a wide variety of materials
so that the effects of mineralogical composition on most properties could
be evaluated with confidence. 1In some cases, it may be possible to infer
these relationships with a degree of confidence; however, in other cases,
it would be foolhardy to try to judge relationships to mineralogy on the
basis of the incomplete information presently available. Much of the
information in the Database (Appendix A) was obtained from reports that
summarized the data rather than being taken from the original references.,
Thus, it may be desirable to review selected original references to deter—
mine whether some of the needed information may be found there.

Several factors contribute to the problems encountered while
attempiing to establish any relationships. First, although the mineral
content is known for many materials tested in laboratory studies of rela-~
tively pure wminerals (and their mixtures with other minerals and rocks),
the mineraiogy of rock samples is frequently not given or is only stated in
general terms (e.g., "illite—-smectite dowminant, plus lesser illite,
kaolinite and chlerite”), which can only be used qualitatively. Second,
the conditions used in the studies are not always stated, and even when

this information is included, it is rave to find many samples that were
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tested under identical conditions. For example, it is difficult to make a
valid comparison of the properties of two samples when one was tested at 25
MPa while "wet” and the other was tested at 200 MPa while "dry.” The lack
of consistency in units required the use of conversion factors, which
introduces the possibility of mathematical erxrror; and, in several cases,
the units used for the property were not valid {e.g., thermal conductivity
given in W/kg-K). Finally, for some properties (e.g., swelling distance),
so few data sets were available that no meaningful comparisons could be

made. This task would have been immeasurably easierv if everyone who tests

matecrials had a set of guidelines stipulating the information needed coun-

cerning the material, test methods, etc., and the units to be used in

reporting the results.

8.1 CHEMICAL PROPERTIES

Plots were prepared for two groups of data: batch distribution ratio
(Fig. 1) and cation—exchange capacity (Fig. 2). No sorption coefficient
plot was prepared at this time because the data are so voluminous and the
reported values cover a wide range. No attempt was made to interpret the
single data set found for diffusivity.

The available data strongly suggest that the batch distribution ratio
and the exchange capacities of clays, shales, etc., can be "predicted” to a
high degree if their mineralogical compositions are known. In general,
those samples that contain smectite minerals (or bentoulte) and smectite-
rich mixed-layer clays typlcally have the best capability for exchanging
(or sorbing) cations. Although limited data were available for ver-
miculite, the same conclusion will probably hold true for this mineral as
well as any rocks/soils that contain it as an important constituent.

While kaolinite and illite are generally considered to have less
desirable chemical properties, they may have selective properties for
certain ion species (e.g., 1llite for cesium). In general, the sorption
coefficients for most clays for anionic speclies (such as iodine) are low,
and it may be necessary to add other materials to correct this deficiency
if clays are used in buffers or backfill.

Several other factors should be taken into consideration since they

may also influence the behavior of any given material that might be
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evaluated. Both the density and the effective porosity of the material
will affect its sorptive capacity, as will factors such as the ambient tem~
perature and the physical and chemical conditions of the pore fluids (e.g.,

pH, Eh, and ion species present).

8.2 GENERAL PHYSICAL PROPERTIES

Plots were prepared for several groups of data, including density
(type unspecified) (Fig. 3), density (bulk, natural, grain, etc.) (Fig. 4),
density (dry) (Fig. 5), specific gravity (Fig. 6), moisture or water con-
tent (Fig. 7), porosity (several types) (Fig. 8), effective porosity
(Fig. 9), specific surface (Fig. 10), and void ratio (Fig. 11)., Limited
data for wet density were mnot plotted.

The terminology for the several types of density and porosity shows
considerable ambiguity. An attempt was wmade to reduce the number of types,
but the nature of the property was also listed on the plots in case it is
significant.

Most physical properties are not useful, per se, in predicting the
suitability of specific rock bodies as host formations; however, for a
given rock type (or mixture of minerals), the physical properties will
change as other physical conditions change. For example, density generally
increases with depth and/or pressure applied by some compacting device;
porosity is usually affected in the opposite manner. Density and porosity
are also influenced by the mineralogical composition and factors such as
the grain size distribution, grain orientations, presence of pore fluids,
and presence of cements.

What is potentially most useful is the fact that, for a given material,
other properties will vary with respect to properties such as density. Omne
might observe, for example, that for a given mixture of smectite and grains
of sand (or crushed granite), the hydraulic conductivity will decrease
(rate of flow will diminish) as the material is compacted and the density
increases (and, conversely, the porosity decreases).,

We may expect to find at least two relationships in natural systems
(and be able to contrel them to some degree in artificial systems):

1. With increasing depth of burial, density will increase and any other

properties (whether chemical, hydrologic, mechanical, or thermal) that
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are related to density will also change as a function of depth of
burial or degree of compaction.

2. We might lock for similar relationships with respect to age; that is,
older rocks may have greater density and less porosity, and their
other properties wili be related to these higher or lower values.
Preliminary examination of some other property data does not always
bear this out; however, the inconsistency in sample collection and test
methods is too great to allow us to draw firm couclusions. These
relationships are worth exploring as more carefully collected data
become available.

In general, most shales have densities between 2.0 and 2.7 g/cm3
(Figs. 3-5); higher or lower values may reflect unusual mineralogical com—
position, depth of burial, near-surface weathering for samples taken at
shallow depths, etc, The data suggest that smectites and (bentonite)-rich
materials have slightly lower densities (Figs. 3 and 4). Some of the
younger and/or shallower shales and clays also have higher perosity values.

Effective porosity (Fige. 9) is a wmore 1mportant property than either
porosity or density; however, it is more difficult to measure and the uaits
reported in the literature are often unclear and incousistent.

Only limited data were available for "specific surface” (Fig. 10).

The few values available suggest that smectite-rich wmaterial has much

higher values than typical shales.,

8.3 HYDROLOGIC PROPERTIES

Several different types of hydrologic properties were recorded in the
reports surveyed; however, the Information on groundwater travel distance,
inflow, specific storage, and travel time was so scant that ao interpreta-
tion was attempted.

The property that has received the most attention 1s hydraulic conduc—
tivity (and/or permeability, which is directly related to that property).
Unfortunately, the lack of uniformity of test methods, experimental con-
ditions, and units used for reporting the results make attempts at
interpretation difficult. Most of the available data were determined in an
unspecified direction or in the horizontal direction (1.e., parallel to the
bedding). Only a few data were reported for the vertical direction. Most

workers report vertical conductivity values as much as an order of magnitude
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smaller than those in the horizontal divection (i.e., fluids flow

through rocks such as shales more rapidly in the horizontal direction than

in the vertical direction due to the preferred orientation of the platy

clay graims).

All of the hydraulic conductivity and permeability values found in the
literature were converted to cm/s. Note that several workers use m/s as
well as several other units, including ft/year, m?, millidarcies, and
microdarcies. A wide range of values was reported. For plotting purposes,
the data were divided into two groups for preliminary evaluation. The
first group includes rocks (shales, argillites, etc.; see Figs. 12 and 13),
while the second group includes clay minerals and mixtures of clays with
other materials such as sand (Fig. 14). The data for rocks were divided
into "direction unspecified” (Fig. 12) and “horizontal™ (Fig. 13).

Interpretation of the plots is difficult because of the many data
points and ranges of values for summary data sets. The ever—present uncer-—
tainty about the quality of the analyses and unit conversions and the
general lack of good mineralogical informatiom about the samples tested (a
major uncertainty) also tend to complicate matters.

From the available data, we can identify several relationships:

l. Considering rvocks (Figs. 12 and 13), there appears to be a wide range
of values from approximately 10712 to >107% cm/s which do wot bear any
obvious relationship to age. Values for Paleozoic shales differ by
three orders of magnitude. Specific mineralogical data appear to be
limited, making it difficult to discern mineralogical trends. The
values that bave been reported for illite-rich (and presumed 1llite~
tich) rocks are both relatively high and low (e.g., samples of the
Antrim Shale range from ~10"2 to 107%, and the Conasauga Shale ranges
from ~10711 to 1072 cm/s). Age and depth of burial may be responsible
for the observed differences. The large volume of darta available
would seem to warrant a closer look, carefully evaluating all of the
information comcerning sample depth and the conditions under which
the hydraulic conductivities were measured. 1t 1s important to
realize that propertles such as hydraulic conductivity can be chaanged
when samples are removed for testing. Field (in situ) testing of the

properties of shales is definitely needed.
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2. Examination of the data for relatively pure wminerals (bentonite
samples were included here, and bentonite is considered to be a3 form
of smectite) and mixtures with other materisls (Fig. 14) suggests that
most smectites have hydraulic conductivities in the range of 1072 o
10711 cn/s, while illites and kaolinites have values that are often
>1071%, The values for the smectites and bentonites are affected by
the degree of compaction, water content, irradiation histoery, and the
extent of mixing with sand and gravel. Mixing with sand and gravel
is done to increase thermal coanductivity. At the same time, such
mixtures tend to have less desirable hydraulic conductivities. The
limitations 1imposed by such inversely related hydraulic and thermal
properties will c¢all for a careful balancing act 1f similar wixtures
are used for buffers and backfill.

As a first approximation, it appears that the preseance of smectite
(and/or bentonite and/or smectitic mixed-layer clays) in shales and related
rocks will improve the hydrologlc properties of those rvocks. At the same
time, caution must be exercised because various ofher mineralogical and
physical factors may also have a positive {or a negative) effect on such
properties. These factors include the nature of all the minerals present
(and not just the clays) and the degree or compaction (including the effec~
tive porosity, degree of preferred orientation of the grains, presence of
cementg, eLCe).

All future measurements of hydroleglc properties should be made under
uniform conditions on carefully selected samples. TField tests will be
essential in the selection of any potential sites. Mineralogical analyses

should be performed on sample splits.

8.4 MECHANICAL PROPERTIES

Consldering the five property groups, mechanical properiies have the
largest number of different types of measurements and one of the largest
sets of data in the Database (Appendix A). Attempts at interpretation wers
hampered by lnconsistencies in the terminology and units usaed, as well as
the lack of information about experimental conditiocns used for the tests,

Individual properties were plotted and are discussed below.
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Only a few sets of data were available for hulk modulus (Fig. 15);
however, there appeats to be a general increase in the value of bulk modu-
lus with age (and presumably the depth of burial). The nature of some

shales with higher values of bulk mocdulus than the Eleana Argillite (which

or

had been slightly wmetamorphosed) needs to be investigated.

Cohesion values (Fig. 16) are generally low (<100 MPa}. Poorly
consolidated materials have lower values than older shales; howaver, there
are inconsistencies in some values (e.g., reported values for the Pierre
Shale range over two orders of wagnitude), perhaps as a result of the
methods used for taking or storing the samples prior to testing.

The values reported for compressive strength (Fig. 17) show a wide
variability. An obvious difference is noted when rock values are compared
with mineral and mineral wixture values. Older and/or wore illitic
(relative to more smectite-rich) shales appear to have slightly higher
compressive strength values.

The values of friction angle (Figs. 18 and 19) also cover a wide
range. In addition, the use of various descriptive wmodifiers (shear
resistance, internal, dilation) makes it difficult to compare the results
without further interprvetation of the data.

All of the plasiticity values (liquid limit, Fig. 20; plastic or
plasticity index, Fig. 21; plastic limit, Fig. 22; and shrinkage limict,
Fig. 23) are influenced by mineralogy. In fact, these plots provide some
of the clearest evidence of mineralogical influevce on mechanical properties.
The presence of smectite (bentonite) produces large increases in the liquid
limit and the plasticity index. Insufficient data were available to

interpret the shrinkage limit.

Values of the Poisson's ratio for ted (Fig. 24) range from
~0.03 to 0.7/7. Shales cover wost of this range, and there is no obviocus
relationstiip to mineralogy.

The data for shear modulus and shsar streagith (Fig. 25) confirm that
shales have much higher values than compacted clays or bentonites. There
are some suggestions that older and/or wore illitic shales have bigher
values (to ~10% MPa) of shear wmodulus.

Swelling and swellipg potential (Fige. 26) are influenced by mineralegy.
Smectite and/or bentonite swell up to several times as much as illite and

kaglinite. Insufficient data wer: availahle for swelling distaaas,

n
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Most of the measurements for swelling pressure (Fig. 27) were made for
smectite (bentonite)-rich samples. Swelling pressure decreased when sand
was added. The valuve determined for a shale sample is also relatively low.

A few values were found for tensile strength (Fig. 28). Values for
shales ranged up to 10 MPa, but the data were Insufflcient to establish any
trends.

Young's (elastic) modulus values (Fig. 29) range from ~10 to 106 MPa.
The values for older, more illitic shales appear .to be higher than for
shales like the Pierre, the Boom and Blue Clay, and hentonite~sand
mixtures.

Overall, the mechanical properties appear to be iInfluenced by the clay
wmineral content of the material tested. 1In general, the older, and typi-
cally more illiticP rocks that have peen slightly metamorphosed possess

greater strength.

8.5 THERMAL PROPERTIES

Only a limited number of types of thermal properties were found in the
reports reviewed. These include the coefficient of linear (thermal) expan-
sicn, heat capacity and specific heat (capacity), thermal (heat) conduc-~
tivity, and thermal diffusivity.

A plot of the coefficients of linear thermal expansion (Fig. 30)
reveals that most values are for shales and typically fall into the range
from ~2 to 16 K} x 1078, No trends were obviocus; however, no values were
found for smectite-rich samples.

The plots for heat capacity and specific heat (capacity) (Fig. 31)
show that the values fall in a very narrow range from ~5 x 102 to 1.2 x
103 J/kgeK. Again, the sample compositions were very limited, and no
trends could be seen. Twe values for the Blue and Boom Clays fall in the
typlcal range for the shales tested.

The greatest volume of data was available for thermal conductivity
(or heat conductivity) (Fig. 32). The most obvious distinction was found
between rock samples and mineral samples and/or soils; the values for some
solls are lower by as much as an order of magnitude. Some other trends
could also be established. The measurements {for a set of reslated samples)

showed a gradual increase in thermal conductivity with increasing sample
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density. In almost every case where the amounts of water were known, the
thermal conductivity increased as the water content Increased. Thermal
conductivities also appeared to increase as the nonclay (sand, granite,
etc.) fraction was increased. Most thermal conductivities for clay-rich
rocks fall within the range from ~0.5 to 3 W/meK, although a few higher
values were recorded.

Only a few values for thermal diffusivity (Fig. 33) were available
for some soils, a sodium bentonite, and the Blue and Boom Clays. The
latter two materials had the highest values of the group.

The ranges for thermal properties appear to be narrower, in general,
than those for mechanical properties; however, the difference between 0.5
and 3 W/m+K could be quite significant when trying to determine the thermal
loading of a repository. The effect of clay mineral composition may be
overshadowed by the amount of quartz present (often the most abundant
mineral in shales), the amount of molsture present (the most common pore
fluid in shales), and/or the degree of packing of the constituent grains in
the rock. The weight percent of quartz in a shale might be important as an
indicator of its thermal conductivity.

9. COMPARISON OF SELECTED PROPERTIES FOR SOME SPECIFIC FORMATIONS

In some cases, formations were identified in the reports that were
used in this study, and some information about their mineral compositions
were reported in a few cases. Additional data of this type may be avail-
able in the original references. Information concerning the Conasauga
Shale, some Devonian Shales (e.g., the Antrim and the Chagrin), and the
Pierre Shale (with lesser information on the Eleana Argillite, some "oil
shales,” and shales that were identified as "typical illitic shales™) was
plotted for the following properties: hydraulic conductivity (Fig. 34),
bulk modulus (Fig. 35), cohesion (Fig. 36), compressive strength (Fig. 37),
shear modulus (Fig. 38), tensile strength (Fig. 39), Young's (elastic)
modulus (Fig. 40), and thermal conductivity (Fig. 41). The results, which
are discussed below, should be considered preliminary and used with caution

because (1) the data available for plotting each figure 1s rather limited,
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Fig. 38. Shear modulus values for selected samples.
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and (2) uncertainty remains as to whether test results obtained by dif-
ferent investigators (often under different experimental conditions) can be
directly compared.

The Conasauga, Devonian, and Pierre Shales appear to have distinctly
different ranges of hydraulic conductivities (Fig. 34). The data indicate
that the Conasauga has a hydraulic conductivity an order of magnitude lower
than that of the Pierre, and the Pierre's conductivity is an order of
magnitude lower than that of the Devonian shales. One might have antici-
pated that Devonian shales would have values intermediate between the
Conasauga and the Pierre; however, two rock features might produce the
observed order. First, the Devonian shales were probably never buried as
deeply as the Conasauga Shale; bence, they would be less compact (or dease),
resulting in higher values of porosity and permeability. Second, the
Pierre (although much younger and, possibly buried less deeply than the
Devonian shales) is composed of mixed-layer smectite~illite, smectites,
etc., which tend to adsorb water and swell, reducing the rate at which
water can pass through the rocks.

Only limited data were available for bulk modulus, cohesion, and shear
modulus (Figs. 35, 36, and 38). In general, the Eleana Argillite (of
Devonian-Mississippian age) which was subjected to some metamorphism and
more illitic shales have higher values for these properties (within two
orders of magnitude), suggesting that strength not only Increases as a
result of compaction but also through recrystallization, graim growth, etc.
Note that considerably different values may be obtained when "intact” speci-
mens are tested (e.g., see the values of cohesion for the Pierre in
Fig. 36). Unfortunately, the test conditions are not always stated. The
values of tensile strength (Fig. 39) are also greater for the Eleana
Argillite and "typical illitic shale™ than for the Pierre and Devonian
shales, presumably for the same reasons.

Several sets of data were available for compressive strength
(Fig. 37), but the experimental conditions were quite varied. Some speci~-
mens were tested under confined conditions, while others were unconfined
(or the experimental conditions were not specified), The Eleana
(unconfined) appears weaker than the Pierre and some Devonlan shales under

confined conditions. Even so, the value for "typlcal illitic shale” is



68

nearly an order of magnitude greater than that for the Pierre or the
Devonian shales. The compressive stremgth values for the Plerre range over
nearly two orders of magnitude. Based on the wineralogical character of
the Pilerre, this wlde range may be due to factors such as the degree to
which specimens have been allowed to air-dry prior to testing. The values
reporied for "oil shales™ (Fig. 37) suggest that they are strounger than
(typlcally organic-vich) Devonian shales. O0il shales with less organic
matter (kerogen) appear to be slightly stronger than those that contsin
more organic matter.

Young's (elastic) modulus values were available for a relatively large
number of idemtified formations (Fig. 40). The values for the Elesna
Argillite cover three orders of magnitude (this was said to be related to
differences in the confining pressure}. The highest wvalues are associated
with illite—rich rocks and those rich in organic (kerogen) matter.

The range of values for thermal conductivity (Fig. 41) appears to be
very narrow (less than an order of magnitude) and gemerally unvelated to
clay mineralogy and/or age. The Conasauga Shales, which are older, have
the lowest values recorded here; however, the experimental conditions vary
widely with respect to ambient tempervature, test direction, ete., making
comparisons difficult. Other studies suggest that the presence of larger
grains of quartz or other rocks, density, and the presence of pore fluids
may influence the thermal properties of shales to a greater exteat tham the

composition of the individual clay minerals present.

10. SUMMARY AND RECOMMENDATIONS

The primary goal of this study was to determine the viability of
making preliminary selections of shales and other clay-rich waterials for
the disposal of radiocactve wastes on the basls of their clay mineral com~—

position, as repovted in the literature. The results of this study show

that some pryoperties of these rocks can be predicted on the basis of the

anounts and typee of clay wminerals present. Examples were given to illus-

trate the role that clay minerals play in determining certain chemlcal,
hydrologic, and mechanical properties. Gverall, thermal properties

appeared to be least affected by clay mineral composition. It should be
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even easier to select materials for use in buffers and backfills, based on

the properties that have been determined for specific clays and other

minerals.
Several difficulties were encountered during the course of this study.

One of the major difficulties was the lack of uniformity in, and lack of

information about, the test methods used. The results of tests made on

several different materials cannot be compared with confidence when the
experimental conditions (e.g., temperature, nature of fluids present, con-
fining stresses) are not identical or nearly so. Also, the lack of unifor-
mity of units used to report the results mandated the use of coaversion
factors and introduced the possibility of errors. There were comparatively
few cases for which the mineral composition of the material being tested
was stated. Even when compositions were stated, they were rarely quan-
tified; and they were probably determined on other samples, which may not
have been taken at the same locality as the test specimens.

It is suggested thét two things be done:

l. The present study should be extended for selected formations (e.g.,
the Conasauga Shale, Pierre Shale) by using the original references,
rather than reports that may exclude 1mportant background information,
to fill in gaps that may exist 1in the data (e.g., specific sample
locations, depths, and formation names, which are often omitted when
data are summarized).

2. Emphasis should be placed on uniformity in laboratory methods,
experimental conditions, report formats, and reporting units for all
samples to be tested in the future., Reports should include
mineralogical analyses of sample splits, as well as petrologic and
SEM studies to determine the extent of cementation and grain orien-
tations. When the results of chemical, hydrologic, mechanical, and
thermal tests are compared with respect to the mineralogical and
petrologic character of the samples, we should be better able to select
specific shale formatioms or other clay~rich rocks if it should become
desirable to use shales as potential host rocks for radicactive waste
disposal. The necessity for in situ testing of properties such as

hydraulic conductivity cannot be overemphasized.
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Some of the information reported here refers to specific clay
minerals or mixtures which might be used for buffers and/or backfill. Such
material can be characterized more readily than natural shales and argil-
lites. Although additional work will be needed, the available information
suggests that it will be possible to produce buffers and backfills that
have the chemical, hydrologic, mechanical, and thermal properties necessary
to safely contain specific kinds of radioactive wastes. Although the host
formation will remain the ultimate barrier, tailored buffers and backfills
can reduce the likelihood that waste products will reach the host formation

for very long times.
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To convert from:

Btu/1b+°F
Btu/heft«°F
cal/cmes«°C
cem?/h

cm?/s

°F

ft/s
ft/year
ft2/h
J/sem=°C
kg/cm?
kg/m3
1b/f¢e3

md

metric ton (tonne)
metric ton (tonne)
Mg/m3

n/s

m2

psi

W/ em=°C

Note:
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CONVERSION FACTORS USED

J/kg K
W/ m+K
W/ m+K
m?/s
m?/s
°C
cm/s
cm/s
m?/s
W/ m-K
Pa
g/cm3
g/cm3
cm/s

kg

g/cm?3
cm/s
cm/s
Pa

W/ meX

Multiply by:
4,185 x 103
1.730 x 100
4.184 x 102
2.780 x 1078
1.000 x 10~%
5.560 x 10~1
3.048 x 101
9.664 x 1077
2.580 x 1075
1.000 x 100
9.810 x 104
1.000 x 1073
16.018 x 1073
9.600 x 10~7
1.000 x 103
1.000 x 106
1.000 x 100
1.000 x 102
9.700 x 108
6.890 x 103
1.000 x 102
x 109,
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13, APPENDIXES

Summaries of the information contained in reports cited earlier are
presented in Appendixes A, B, C, and D, which follow. Appendix A, which
is the most complete of these, is divided into five sections: chemical
properties (Database A.l), general physical properties (Database A.2),
hydrologic properties (Database A.3), mechanical properties (Database
A.4), and thermal properties (Database A.5).

The categories in the Databases are alphabetized; the last four
categories to be alphabetized were: location, formation, wmaterial, and
property class. For most purposes, the last two categories are the most
important [e.g., all the information found for the property class
"hydraulic conductivity (minerals)” is listed under its "material” name
in alphabetical order]. Note that lower—case letters, for example, (a),
(b), (c), which follow some material names, were added to facilitate the
location of a set of data shown In a specific figure in the body of this
report. These letters do not cross-reference materials from one category
to any other category.

Insofar as possible, an attempt was made to retain the original ter~
minology and units presented in the report from which the information was
derived. If the terminology and/or units used were acceptable, only that
information is given; however, in many cases the terms and/or units
reported either were not uniform or are not currently accepted. Where
possible, the proper terms were added and the units were corrected by
multiplying by an appropriate conversion factor (see Sect. 11) so that
the values can be compared directly in Figs. 1-41. For example, the term
"permeability” may be followed by the term "(hydraulic conductivity)" if
that is appropriate for the property reported. Similarly, if the report
gave a value for pressure in English units, such as psi, this value is
followed by its SI equivalent, MPa.

In addition, three abbreviated Appendixes (B, C, and D) are provided
to assist the user in locating specific information. These appendixes
use the same five major divisions as presented earlier for Appendix A.
Appendix B was alphabetized on the basis of the property cited. Appendix C

was arranged so that the material names are listed alphabetically.
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Appendix D was alphabetized on the basis of formation name where that
information was supplied in the report. Appendix D is the shortest
appendix because formation names are often omitted. This informatioun way
be available in the original references.

If an interesting item is located in Appendix B, C, or D, the user
can either access Appendix A (to review the wmore complete summary for
that entry) or go directly to the source. Potential users are encouraged
to take time to become familiar with the formats used.

Finally, the computer program employed here did not permit the use
of subscripts or supervscripts. Maay of the experimental values are given
to powers of 10. These values are shown parenthetically on the line,
following the numeral 10; for example, 10(6) = 108 and 10(-12) = 10712,
Nor did the program permit the use of a centered period; hence, units

such as W/me¢K are shown with a dash (e.g., W/m-K) in the Appendixes.
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13.1 Appendix A. DATABASES
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13.1.1 Appendix A.l. CHEMICAL PROPERTIES






Preoperty class:
Material:
Formation:
Locatlon:
Condlition V;
Condition 2
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:
Reference:

83

Diffusivity

Bentonite

10 bentonlite + sand
Sr{+2) ion
Diffusivity (m(2)/s)
1.3 x 10(-10)

- tos -

Neretnieks (1977)

Source: ONWI~312 (1981), p, 14

Property class:

lon exchange

Material: Altophane

Formation:
Locatlion:
Condition 1:
Conditlon 2:
Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Raeference: -~

M= 7

ton exchange capaclty
(meq/100 @)
70

- to: -

Source: ORNL-6241/V2 (in preparation) p, 152

Property class:
Material:
Formation:
Location:
Condition 1:
Condition 2:

Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

lon exchange

Bentonlte

pH =7
NaCl =
molar
lon used: Cs

lon exchange capaclty
(meq/100 g)

0,1

100

Concentration Cs (mol/dm(3))
ca, 10{-6) to: ca.

and 9
10(-2) and 10(~-3)

Source: NUREG/CP-0052 (1983), p, 181

Property class:

lon exchange

Material: Bentonite (Na) (a)

Formatjon:
Location:
Condition 1:
Conditlon 2;
Condition 3:
Property/units:

ranges from:

to:

8s:

ranges from:
Reference: -

Wyomlng

MX-80

2,5% orgaenlic content
fon exchange capaclty
{meq/100 g}

68,6

- tor -

Source: AECL~7825 (1984), p. 12

Property class: lon exchange
Material: Bentonite (Na) (b)
Formation: -

Location: Wyoming
Condition 1: MX-80
Condition 2: 50f sand mixture
Condition 3: -

Property/units: lon exchange capaclty
(meq/100 g)
ranges from: 34,3

to: -~

as: -
ranges from: - to: =

Reference: -
Source: AECL-7825 (1%84), p, 12

Property class: lon exchange
Materlal: Chlorlte (a)
Formation: -
Locatlion: -
Condition 1: pH 7
Condition 2: ~
Condition 3: -
Property/units: lon exchange capaclty
(meq/100 @)
ranges from: 10-40
Yo: -
as: ~
ranges from: - to: -

Reference: Grim (1968)
Source: ONWI~486 (1983), p, 67

Property class: lon exchange
Material: Chiorite (b)

Formation: -
Location: -
Condition 1: pH = 7
Condition 2: -~
Condition 3: - :
Property/units: lon exchange capacity
(meq/100 g)
ranges from: 10
to: 40
as: -
ranges from: ~ to: -

Reference: Several refs
Source: ORNL~-6241/V2 (in preparation) p, 152

Proparty class:
Matorlal: Clay
Formation:
Location:
Condition 1:

lon exchange

Boom Clay
Belglum
Vermiculite 30%, il)ite 25%,
smectite 20%
Condltion 2: -
Condition 3: -
Property/units: lon exchange capaclity
(meq/100 g)
ranges from: ca, 20
to: -
as: -
ranges from: - to: -
Reference: -
Source: Proc NEA Workshop OECD (i1979a), p, 88



Property class:

lon exchange

Material: Glauconite

Formation:
Location:

Condition 1:

Condition 2:
Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:

pH = 7

fon exchange capacity
(meq/100 g)

"

20

- to: -

Reference: Several refs
Source: ORNL-6241/V2 (in preparation)

Property class:

lon exchange

Material: Halloysite

Formation:
l.ocation:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:
tos
as:
ranges from:

H =7

lon exchange capacity
(meq/100 @)

5

10

- fo: -

Reference: Several refs
Source: ORNL=6241/¥2 (in preparation)

Property class:

lon exchange

Material: |llite (a)
Formation: -
Location: -
Condition 1: pH =7
Conditlon 2: -
Condition 3: -
Property/units: lon exchange capacity
(meq/100 g}
ranges from: 10
to: 40
as: -
ranges from: -~ to: ~

Reference: Grim (1968)
Source: ONWi-486 (1983), p, 67

Property class:

lon exchange

Material: lllite (b}
Formation: -
lLocation: -
Condition 1: pH =7
Condition 2: -
Conditlon 3: -
Property/units: ton exchange capacity
(meq/100 @)
ranges from: 16
+o: 50
as: -
ranges from: -~ to: -

Reference: Several refs

Source: ORNL=6241/V2 (in preparation) p.

Property class:

lon exchange

Material: Kaolinite (a)

formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:

lon exchange capaclty
(meq/100 @)
3

15

- to: -

Reference: Grim (1968)
Source: ONWi-486 (1983), p, 67

Property class:

lon exchange

Matarlal: Kaollnite (b)

Formation:
Location:
Condition 1:
Condition 2:
Conditlon 3:
Property/units:

ranges from:
to:
as:
ranges from:

pH =7

lon exchange capaclty
(meq/100 g)
2

15

- to: -

Reference: Several refs
Source: ORNL~6241/V2 (in preparation) p.

Property class:

lon exchange

Material: Palygorskite

Formation:
lLocation:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:
To:
as:
ranges from:

ton exchange capaclty
{meq/100 g}

20

30

- to: -

Reference: Several refs
Source: CORNL-6241/V2 (in preparation) p.

Property class:

lon exchange

Material: Smectite

Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:
fo:

as:

ranges from:
Reference: Grim

pH =7

lon exchange capaclty
(meq/100 q)

80

150

- to:

(1968)

Source: ONW!-486 (1983), p, 67

152

152



Property class:

lon exchange

Material: Smactite (Ca)
Formatlon: -

Location: =~
Condition 1: pH =7
Condition 2Z: -
Condition 3: -

Property/units: lon exchange capaclty
(meq/100 @)
ranges from: 80
to: 150
as: -
ranges from: - fo: -
Referenca: Several refs

Source: ORNL-6241/V2 (in preparation) p,

Property class:
Smectite (Ca)
Formation:
Location:
Condition 1:
Condition 2:
Conditlon 3:
Property/units:

Material:

152

fon exchange

lon exchange capacity (meg/g)
(?)

ranges from: 93
to: 12
as: Temperature (C)
rangas from: 105 to: 390
Reference: CGrim (1968)

Source: ONWi-312 (1981), p, 24

Property class:
Smectite (L)
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

Material:

ranges from:
to:
as:
ranges from:

ton exchange

ton exchange capaclity (meq/g)
(3]

56

20

Temperature (C)

105 to: 200

Reference: Grim (1968)
Source: ONWI-312 (1981), p, 24

Property class:
Smectite (Na)
Formation:
Location:
Condition 1:

Materlal:

Condition 2:

Condition 3:
Property/units:

ranges from:
to:

as:

ranges from:
Reference:

Several

lon exchange

.

lon exchange capacity
(meq/100 @)

100

150

- to: -

refs

Source: ORNL-6241/V2 (in preparation) p, 152

Property class: lon exchange

Materlal: Smectlite (Na)
Formation: -
Location: ~
Condition 1: =~
Condltion 2: -
Condition 3: -
Property/units: lon exchange capacity (meq/g)
(?)
ranges from: 95
to: 68
as: Temperature (C)

ranges from: 105 to: 390
Reference: Grim (1968)

Source: ONWi=312 (1981), p, 24

Property ctass: lon exchange
Material: Vermliculite (a)
Formation:
Location:
Condition 1:
Condition 2:
Condlition 3:
Property/units:

ll‘g:il
i
~J

lon exchange capacity
{meq/100 g)
ranges from: 100
to: 150
as: -
ranges from: - to: -
Refaerence: Grim (1968)
Source: ONWI-486 (1983), p. 67

Property class: lon exchange
Material: Vermiculite (b)
Formatlion: -

Location:
Condltion 1:
Condition 2:
Condition 3:

Property/units:

Il'&l
il
~

lon exchange capaclty
(meq /100 g)
ranges from: 100

to: 150+
as: -
ranges from: - to: -
Reference: Several refs

Source: ORNL-6241/V2 (in preparation) p, 152

Property class: Sorption

Materlal: Argillite
Formation: Eleana Argiilite
Location: -

Condltion 1: lons used: Am, Ba, Ce, Cm,
Cs, Eu, Pm, Ra, Sr, Tc, U
Sources of vartabllity:
method, source, fluld comp,
R-N con¢, temp

Condition 3: -

Property/units: Sorption coefficient (Kd)
(m/g

ranges from: 0
to: 1 x 10(5)
as: -

ranges from: - to: -~
Reference: Three refs
Source: ONwWl-486 (1983), p, 73

Condition 2:



Property class:

Sorption

Material: Attapulgite

Formation:
Location:
Condition 1:
Condition 2:

Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:

Reference: Beall et al

lons used: Am, Cm,
Sources of variabllity: Na
conc, time, pHd, fluid comp
Sorption coefficient (Kd)
(mt/g)

1 x 10(-2)

2 x 10(4)

- to: -
(1979)

Source: ONWI-486 (1983), p. 73

Property cilass:

Sorption

Materlal: Bentonite

Formation:
Locatlon:
Condition 1:

Condltion 2:

Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

pH = 10
lons used = {, T¢, Cs, Sr,
Np, Pu, Am, Zr, Sm

Sorption coefficient (Kd)
(ml/g)
1

2 x 10(5)

- to: -

Source: Proc NEA Workshop OECD (1979a),

p. 304

Property cilass:

Sorption

Materlal: Bentonite (Ca)

Formation:
Location:
Condition 1:
Condition 2:
Conditlion 3:

Property/unlts:

ranges from:

to:

as:

ranges {from:
Reference: -

Grande Ronde ground water
Cs lons

pH 9.85 (initial), pH 8,6
(final)

Sorption coefficlent (Kd)
(mi/g)

2,5 x 10(4)

t.t x 10(5)

Time (days)

14 to: 28

Source: ONWI-312 (1981), p, 35

Property class:

Sorption

Mater!ial: Bentonlte (Ca)

Formation:
lLocattion:
Condition 1t:
Condition 2:
Condition 3:

Property/units:

ranges fron:

to:

as:

ranges from:
Reference: -

Grande Ronde ground water
I lons

pH 9.85 (initial), pH 8,6
(final)

Sorption coafficlent (Kd)
(ml/g)

3.2

Time (days)

14 to: 28

Source: ONW!-312 (198%), p, 35

!, Rb, Sr

Property class:

Sorption

Materlal: Bentonite (Ca)

Formatlon:
Location:
Condition 1:
Condition 2:
Condition 3:

Property/unlts:

ranges from:
to:
as:
ranges from:

Reference: -

Grande Ronde ground water
Sr lons

pH 9.85 (initial), pH 8,6
(final)

Sorption coefficient (Kd)
(ml/qQ)

1.2 x 10(3)

865

Tlme (days)

14 to: 28

Source: ONWI-~-312 (1981), p, 35

Property class:

Sorption

Material: Bentonlte (Na)

Formation:

Location:

Condition 1:

Condition 2:

Condition 3:

Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Grand Ronde ground water
prt 9,85 (initial), pd 8.6
(final)

Sr lons

Sorption coefficient (Kd)
(mt/g)

5.0 x 10(3)

6.8 x 10(3)

Time (days)

14 to: 28

Source: ONWI-312 (1981), p, 35

Property class:

Sorption

Material: Bentonite (Na)

Formation:

Location:

Condition 1:
Condition 2:
Condlition 3:
Property/units:

ranges from:

Grande Ronde ground water
I fons

Sorption coefficlent (Kd)
(mi/qg)

0.4

to: 8,56

as:
ranges from:
Reference: -

Time (days)
14 to: 28

Source: ONWI-312 (1981), p., 35

Property class:

Sorption

Materlal: Bentonlte (Na)

Formatlon:
Location:
Condition 1:
Condltion 2:

Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Refarence: -

Grande Ronde ground water
pH 9,85 (initial), pd 8,6
(final)

Cs lons

Sorption coefficlent (Kd)
(mi/q)

1.1 x 10(3)

1.0 x 10(3)

Tims (days)

14 to: 28

Source: ONWi=-312 (1981), p, 35



Property class:

Sorptlon

Material: Bentonite (Na)

Formation:
Location:
Condition 1:

Condition 2:

Condition 3:
Property/unlits:

ranges from:
to:
as:
ranges from:

fons used: Am, Cs, Eu, Ra,
Sr, Tc

Sources of variablitty: pH,

temp,
Sorption coefficlent (Kd)
(mt/qg)

0

fluid comp

4 x 10(4)

- to: -~

Reference: Nowak (1980)
Source: ONW!-486 (1983), p, 73

Property class:

Sorption

Material: Bentonite (MNa) (Accofloc-350)

Formation:
Location:
Condition 1:
Condition 2:

Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:
Re ference: -

Grande Ronde ground water
p? 9,85 (initial), pH 8,6
(final)

Cs fons

Sorption coefficlient (Kd)
(mi/g)

1.3 x 10(3)

1.1 x 10(3)

Time (days)

14 +o: 28

Source: ONWI-312 (1981), p, 35

Property class:

Sorption

Materlal: Bentonite (Na) (Accofloc~350)

Formation:
Location:
Condition 1:
Condition 2:

Condition 3;
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Grande Ronde ground water
pH 9,85 (initial), pH 8,6
(finat)

I tons

Sorption coefficlent (Kd)
(mi/g)

1,2

0.1

Time (days)

14 to: 28

Source: DNWiI-312 (1981), p, 35

Property class:
Materlal:
Formation:
Location:
Condition 1;
Condition 2:

"Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -~

Sorption

Bentonite (Na) {(Accofloc=~350)

Grande Ronde ground water
pH 9,85 (inttial), pH 8,6
(final)

Sr lons

Sorption coefficient (Kd)
(ml/g)

1.5 x 10(3)

1.5 x 10(3)

Time (days)}

14 to: 28

Source: ONWI~-312 (1981), p. 35

Property class:
Material: Bentonlite (Na)
Formation:
Location:
Condition 1:
Condition 2:

Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:

Reference: -

Sorption
(Sa!line Seal!-100)

Grande Ronde ground water
pH 9,85 (initial), 4 8,6
(final)

Cs ijons

Sorption coefficient (Kd}
(mi/g)

2.6 x 10(3)

3.8 x 10(3)

Time (days)

14 to: 28

Source: ONwl-312 (1981}, p, 35

Property class:
Bentonite (Na) (Saline Seal-100)
Formation:
Location:
Condition 1:
Condition 2:

Materlial:

Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:

Reference: -

Sorption

Grande Ronde ground water
pH 9,85 (inltial), pH 8,6
(final)

I lons

Sorption cosfflicient (Kd)
(ml/g)

2,8

3.6

Time (days)

14 to: 28

Source: ONWl=312 (1981), p, 35

Property class:
Bentonite (Na) (Saline Seal-100)
Formation:
Location:
Condition 1:
Condition 2:

Material:

Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:

Referencs: -

Sorption

Grande Ronde ground water
pH 9,85 (initial), pH 8.6
(final)

Sr fons

Sorption coefficient (Kd)
(mi/qg)

1.2 x 10(3%)

1.5 x 10(3)

Time (days)

14 to: 28

Source: ONWI-312 (1981), p, 35

Property class:

Sorption

Material: Bentonite and Quartz

Formation:
Location:
Condition 1:

Condition 2:

Condition 3:
Property/units:

ranges from:
to:
as:

ranges from: o:

Atlard et al (1979)

Source: ONwl-486

Reference:

lons used: Am, Ce, Cs, Eu,
Np, Pu, Ra, Sr, Tc, U
Sources of varlabllity:
comp, temp, R-N conc
1:9 mixture

Sorption coefficlent (Kd)

(mi/g}
<1
1 x 10(4)

(1983), p. 73

I

fluid



Property class:
Bentonite and Sand
Formation:
Locatlion:
Condition 1:
Condition 2:

Material:

Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:

88

Sorption

lons used: Am, Ra
Sources of varlability:
comp, pH

1:9 mixture

Sorption coefficient (Kd)
(ml/g)

490

9.5 x 10(3)

fluid

- to: -~

Referaence: Nowak (1980)
Sourca: ONwl-486 (1983), p. 73

Property class:

Material: Clay

Formation:
Location:
Condition 1:
Condition 2:

Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:

Reference: -

Sorption

Boom Clay

Be Iglum

Anion used = 1

Various concentrations and
depths

pH = 3

Sorption coefficient (Kd)
(ml/g?)

0,87

6,12

- fo: -

Source: Proc NEA Workshop OECD (197%9a), p, 97

Property class:

Material: Clay

Formation:
Location:
Condition 1:
Condition 2:

Condition 3:
Property/units:

ranges firom:
to:
as:
ranges from:
Silva et al

Re ference:

Sorption

(Na)

Belle Fourch

lon used: Cs

Sources of varlability:
fluid comp

Sorption coefficient (Kd)
(ml/g)

5.6

5.7 x 10(3)

P,

- tor -~
(1979)

Source: ONWI-486 (1983), p, 73

Property class: Sorption
Material: Hectorits
Formation: -
Location: -
Condition 1: lons used: Cs, Eu, Sr, Tc
Condition 2: Sources of varlabllity: fluid

Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: Nowak

comp, pH, temp

Sorption coefficlent (Kd)
(mt/g)

0.4

7.2 x 10(3)

- fo: ~
(1980)

Source: ONW!-486 (1983), p, 73

Property class:
Material: Hector
Formation:
Location:
Condition 1:
Condition Z:

Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: Nowok
Source: ONW!-486

Propaerty class:
Material: Illite
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Proparty/units:

ranges from:
to:
as:
ranges from:
Re ference: -
Source: AECL-781

Property class:
Material: lltite
Formation:
Location:
Condition 1:
Condition 2:

Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:

Sorption
Ite and Sand

lon used: Ra

Sourcas of variabllity: fluld

comp, pH
1:2 mixturs
Sorption cosfficient (Kd)
(mi/g)
400
1300
= to: -
(1980)
(1983), p. 73

Sorption

lon used: Cs

0.2 mol/L NaC|

Sorption coefficient (Kd)
(m{3)/kg) (?7)

0,9

~ tor -
2 (1983), p. 25

Sorption

lons used: Sr

0,04 to 0,2 mol/L NaCl
NaOAC)

pH =5

Sorption coefficlient (Kd)
(m(3)/kg)y (?)

0,005

0,02

- to: -~

(and

Reference: Thiree refs

Source: AECL~781

Property class:
Matarial: Hilite
Formgtion:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/unlts:

ranges from:
to:
as:
ranges from:
Retfaerence: -
Source: AECL~782

2 (1983), p. 25

Sorption

lons used: U, Co

0,04 mo!l/L NaCi

pi =5

Sorption coefficlent (Kd)
m(3)/kg) (?)

0,045

0,090

- to: ~

5 (1984), p, 25



Property class:
Mateorial:
Formatlon:
Location:
Conditlon 1:

Conditlon 2:

89

Sorption

titite

fons used:
CS. Tha Ua
Sources of
temp

Co, Sr, Nb, Ru,
Np, Pu, Am
variabliity: pH,

Condition 3; -

Property/units:

ranges from:
to:

2s:

ranges from:
Reference:

Sorptlon coefficlient (Kd)
(mi/g)

0

3 x 10(5)

- to: ~

Several refs

Source: ORNL-6241/V2 (in preparation)
p. 132-133

Property class:
Material:
Formation:
Location:
Condition 1:
Condlition 2:

Conditlon 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Sorption

IHlite

pH = 7,5

lons used: |, Tc, Np, Sr, Cs,
Am, Sm, Sr

Sorption coefficlent (Kd)
(m!/g?)

1

3 x 10(6)

..'fo -

Source: Proc NEA Workshop CECD (1979a3},

p. 304

Property class:

Sorption

Material: Kaolinlte

Formation:
Location:
Conditlon 1:
Conditlon 2:

Condition 3:
Property/unlts:

ranges from:

to:

lon used: Sr

0,04 t0 0,2 Mol/L NaCl (and
NaOAC)

pH =5

Sorption coefficlient (Kd)
(m(3)/kg) (7)

0,003

0,006

as: -

ranges from:
Reference:

- to: -

Three refs

Source: AECL-7812 (1983), p, 25

Property class:
Material:
Formation:
Locatlon:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:
to:

as:

ranges from:
Reference: Two r

Sorption

Kaol!nlfe

lons used: Am, Cm, Sm, U, Co
0,04 to 0,25 moi/L NaCl

pH =5

Sorption coefflclent (Kd)
(m(3)/kg} (7)

0,002

0,04

- To: -

Source: AECL=- 7812 (1983), p. 25

Property class:
Materlal:
Formation:
Location:
Condltion 1:
Condition 2:

Sorption

Kaollnlfe

-

lons used: Cs
0,2 to 0.5 mol/L NaCt; 0,01
mo /L NaDAC

Condition 3: -

Property/units:

Sorption coefficlent (Kd)
(m(3) /kg) (1)

ranges from: 0,02
to: ~
as: ~
ranges from: ~ to: -
Referance: -
Source: AECL-7812 (1983), p, 25
Property class: Sorption
Materjal: Kaclinite
formatlon: -~
Location: ~

Condition 1:

Condltlon 2:

lons used: Am, Cf, Cm, Es,
Eu, lLa, Sm, Tc, Yb

Sources of varlabllity: pH,
fluld comp, Na conc, R-N conc

Condlition 3: ~

Property/units:

ranges from:
to:

Sorption coefficient (Kd)
(ml/g}

0.1

1.6 x 10(3)

as: -~

ranges from:

- to: -

Reference: Three refs
Source: ONW1-486 (1983), p. 73

Property class:
Materlal:
Formation:
Location:
Condition 1:

Condition 2:

Sorption

Kaolinlte

lons used: Co, Sr, Nb, Tc,

Ru, Cs, Sm, Eu, Th, U, Np,

Pu, Am

Sources of varlabliity: pd,
temp

Conditlon 3: -~

Property/units:

Sorption coefflcient (Kd)
{ml/g)

ranges from: O

to:

3 x 10(5)

as: -~

ranges from:

- fo: -~

Reference: Several refs
Source: ORNL~6241/V2/(in preparaticon)
ps 132-133
Property class: Sorption
Materiai: Kaolinlite
Formation: -
Location: -
Condltion 1: pH = 6.5
Condition 2: lons used: |, Np, T¢, Sr, Cs,

Zr, Pu, Am, Sm

Conditlon 3: ~

Property/units:

ranges from:

to:

as:

ranges from:
Reference: ~

Sorption coefficlent (Kd)
(ml/g?)

1

2 x 10¢4)

..-1-0- -

Scurce: Proc NEA Workshop OECD (197%a),

p. 304



Property class:
Materlal:
Formation:
Location:

Condition 1:

Condition 2:

Condition 3:

Property/units:

ranges from:
to:

as:

ranges from:
Reference: -

90

Sorption

Kaollnite (3)

Georgla

American Clay lInstltute
Source Clay KGa~1

Tested In basalt ground
water; lons: Sr, Cs, Am
Tested for 28 days at 25
deg C

Batch distribution ratio (Rd)
(ml/g?)

1.28 x 10(2)

9.22 x 10(2)

- to: -~

Source: PML-4452 UC-70 (1983), p, 18

Froperty class:
Materlal:
Formation:
Location:
Condition 1:

Condition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:
Reference: -

Sorption

Kaoclinite (b)

Georgla

American Clay Institute
Source Clay KGa-2
Tested in basalt ground

water; lons used: Sr, Cs, Am
Tested for 28 days at 25

deg C

Batch distribution ratio (Rd)
(ml/g?)

1,88 x 10(2)

9,0 x 10(3)

- to: =

Source: PNL~4452 UC~70 (1983), p, 18

Property class:
Material:
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Sorption

Kaolinite (Ca)

lon used: Cs

Sorption coefficient (Kd)
(Log) (ml/g?)

ca, 2.3

ca. 1,5

Log C calclum chloride
(~3) to: ca. 0.5

Source: Proc NEA ¥Workshop OECD (1979a),

p. 282

Property class:
Material:
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Sorption

Kaolinite {(Ca)

ton used: Sr

Sorption coefficient (Kd)
(Log) {(ml/g?)

ca, 1,3

ca, (-1)

Log C calclum chioride
(~3) to: ca., O

Source: Proc NEA Workshop OECD (1979a},

p. 282

Property class:
Materlial: Kaoli
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -~

Sorption
nite (Na)

lon used:

Cs

Sorption coefficient (Kd)
(Log) (mi/g?)

Ca, 2.3

ca, 1.3

Log C NaC!

(-2) to: ca, 1

Source: Proc NEA Workshop OECD (1979a),

p. 282

Property class:
Material: Kaoli
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: ~

Source: Proc NE

p. 282

Property class:
Material:
Formation:
Location:
Condition 1:

Condition 2:

Condition 3:
Property/units:

ranges from:
tao:

as:

ranges from:
Reference: Two

Sorption
nite (MNa)

lon used: Sr

Sorption coefficlient (Kd)
(Log) (ml/g?)

>2

<0

Log C NaCl

(~2) to: ca, 0,5

A Workshop OECD (197%9a),

Sorption

Nontronite

lons used: Am, Cs,
Ra, Se, Sr, T¢, U
Sources of variablility: pH,
R-N conc, Eh, temp, sol:sorb
ratio

Mineralization in basalt
fracturss and vugs

Sorption coefficient (Kd)
(mi/q)

0

2.25 x 10(5)

I, Np, Pu,

- to: -
refs

Source: ONW!~486 (1983), p., 73

Property class:
Material: Shale
Formation:
Location:
Condition t:
Condition 2:

Condition 3:
Property/units:

ranges from:
To:

as:

ranges from:
Reference: Koma

Sorption

Conasauga Shaie

lons used: Cs, Rb, Sr
Sources of variability: not
stated

Sorption coefficient (Kd)
(ml/g)
57

100

- to: ~
roen] and Roy (1980)

Source: ONWi~486 (1983), p, 73



Property class:
Material: Shale
Formation:
Location:
Condition 1:
Condition 2:

Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:

91

Sorption
Dewey Lake Redbeds

lon used: Eu

Sources of variabllity: pH,
temp, fluid comp

Sorption coefficlient (Kd)
(ml/g)

200

1.4 x 10(4)

- to: -

Refarence: Nowak (1980)
Source: ONWI-486 (1983), p, 73

Property class:

Sorption

Material: Smectlite

Formation:
Location:
Condition 1:

Caiculated values

Condition 2: NaCl conc = 10(-2) molar
Condition 3: 25 deg C
Property/units: Sorption coefficient (Kd)
(em(3) /g) (ml/g)
ranges from: ca, 188
to: ca, 200
as: Weight § clay
ranges from: ca, 5 to: ca, 95
Reference: -
Source: NUREG/CP-0052 (1983), p, 186
Property class: Sorption
Material: Smectite
Formation: -
Location: -
Conditlon 1: lon used: Cs
Condition 2: 0,2 to 0,5 moi/L NaCil; 0,01

Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

mol/L NaQAC

pH = 5

Sorption coefficient (Kd)
(m(3) /kg) (?)

0,06

Q,7

- to: ~

Source: AECL-7812 (1983), p. 25

Property class:
Materlal:
Formation:
Locatlion:
Condition 1:

Condition 2:

Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:

Sorption

Smectlite

-

lons used: Eu, Am, Cm, Sm, U,

Co

0.04 to 0,25 mol/L NaCl (and

NaOAC)

pH =5

Sorption coefficient (Kd)
(m{3)/kg) (?)

0,034

0,65

- to: -

Reterence: Three refs
Source: AECL-7812 (1983), p, 25

Property class: Sorption
Material: Smectite
Formation: -
Location: -
Condlition 1: lons used: Sr
Condlition 2: 0,04 to 0,2 mol/L NaCl
NaOAC)
pi o= 5
Sorption coefficient (Kd)
(m(3) /kg> (7)
ranges from: 0,030
to: 0,6
as: -
ranges from: ~ to: -
Reference: Three refs
Source: AECL~7812 (1983), p. 25

{and

Condition 3:
Property/units:

Property class: Sorption
Materlial: Smectlite
formation: -
Location: =~
Condition 1: lons used: Co, Sr, Nb, Tc,

Ru, 1, Cs, Sm, Eu, U, Np, Pu,
Am

Conditlion 2: Sources of variability: pH,
tTemp

Condition 3; ~
Property/units: Sorption coefflctent (Kd)
(ml/g)
ranges from: O
to: 4 x 10(5)
as: -
ranges from: - to: -
Reference: Several refs
Source: ORNL-6241/V2 (in prepara*tion)
p. 132-133

Property class: Sorptlon
Materlal: Smectite
Formation: -
Location: -
Condition 1: Various pH's, salinities,
flow rates, etc,
Condition 2: Severa! ion specles
Condition 3: -
Property/units: Sorption coefficient (ml/g)

ranges from: 200
to: 2,000
as: -
ranges from: ~ to: =~

Reference: Nowak (1979)
Source: ONWiI-312 (1981), p, 13

Property class: Sorption
Material: Smectlite
Formation: -
Location: Arizona
Condition 1: American Clay Institute
Source Clay SAz-1

Condition 2: Tested in basatlt ground

water; lons used: Sr, Cs, Am
Condition 3: Tested for 28 days at 25
deg C
Property/units: Batch distribution ratio (Rd)
(ml/g?)
ranges from: 8,15 x 10(2)
to: 2,7 x 10(3)
as: -
ranges from: - to: -

Reference: -
Source: PNL-4452 UC-70 (1983), p, 18
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Property class: Sorption
Material: Smactite
Formation: -
Location: Arlzona
Condition 1: lons used: Cs, Rb, Sr
Condition 2: Sources of variability: not
s tated
Condition 3: -
Property/units: Sorption coefficient (Kd)
(mt/g)
ranges from: 260
to: 750
as: -
ranges from: - to: -
Refarence: Komarneni and Roy (1980)
Source: ONWI-486 (1983), p, 73
Property class: Sorption
Material: Smectite
Formation: =~
Location: Texas
Condition 1: American Clay lInstitute
Source Clay STx-1
Condition 2: Tested in baesalt ground
water; lons used: Sr, Cs, Am
Condition 3: Tested for 28 days at 25
deg C
Property/units: Batch distribution ratio (Rd)
(ml/g?)
ranges frem: 1,4 x 10(3)
to: 1,9 x 10(3)
as: ~
ranges from: -~ to: =
Reference: -
Source: PNL-4452 UC-70 (1983), p, 18
Property class: Sorption
Materlal: Smectite
Formation: -
Location: Texas
Condition 1: Saturated NaCl brine
Condition 2: lon used: Cs
Condition 3: -
Property/units: Sorption coefficient (Kd)
(mt/g)
ranges from: 310
to: 685
as: Hydrothermal alteration

ranges from:

Untreated to: 200 deg C,
30 Wa

Reference: Roy and Burns

Property class: Sorption
Material: Smectite
Formation: -
Location: Texas
Condition 1: Saturated NaCl brine
Conditlon 2: lon used: Sr

Condition 3:
Property/units:

ranges from:
tTo:
as:
ranges from:

Reference: Roy

Sorption coefficient (Kd)
(ml/g)

310

370

Hydrothermal alteration
Untreated to: 200 deg C,
30 MPa
and Burns

Source: Sci Baslis for Waste Management -~ V

(1982,

Property class:
Material:
Formation:
Location:
Condition 1:

p. 638

Sorption

Smoctite

Wyoming
Amerlcan Clay Institute
Source Clay SWy-!

Condition 2: Tested In basalt ground
water; lons used: Sr, Cs, Am
Condition 3: Tested for 28 days at 25
deg C
Property/units: Batch distribution ratio (Rd)
{mi/g?
ranges from: 1,0 x 10(3)
to: 2,0 x 10(3)
as: ~
ranges from: - fo: -
Reference: -
Source: PNL-4452 UC-70 (1983), p, 18
Property class: Sorption
Materlial: Smectite
Formation: -
Location: Wyomlng
Condition 1: Saturated NaCl| brine
Condition 2: lon used: 5r
Condition 3: -
Property/units: Sorption coafficient (Kd)
{m!/g)
ranges from: 170
ta: 200
as: Hydrothermal! alteration

ranges from:

Untreated to: 200 deg C,
30 MWPa

Source: Sci Baslis for Waste Management ~ V
(1982), p, 638

Reference: Roy and Burns
Source: Scl Basis for Waste Management - V
(1982), p, 638

Property class: Sorption
Material: Smactite
Formation: -
Location: Texas
Condi tion 1: Saturated NaCl brine
Condition 2: lon used: Cs
Condition 3: -
Property/units: Sorption coefficlient (Kd)
(ml/q)
ranges from: 410
to: 400
as: Hydrotherma! alteration

ranges from:

Untreated to: 200 deg C,
30 Ma

Reference: Roy and Burns
Source: Sci Basls for Waste Management - V

(1982),

p. 638

Property class:
Material: Smect
Formation:
Location:
Condition 1:
Condition 2:

Condition 3:
Property/units:

ranges from:
to:

as:

ranges from:
Reference:
Souice:

Shiao et al
OMe} -486 (1983), p.

Sorption
ite (Ca)

fons used: Ba, Cs, Eu, Sr
Sources of variabifity: R-N
conc, Ca conc

Sorption coefficient (Kd)
{(ml/qQ)

0.4

1,1 x 10(4)

- to: -

(1979)

73



Property class:
Material:
Formation:
Locatlon:
Condition 1:

Condition 2:

Condition 3:
Property/units:

ranges from:
to:

as:

ranges from:
Reference:
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Sorption

Smectite (MNa)

lons used: Am, Ba, Cf, Cm,
Cs, Es, Eu, L2, Sm, Sr, Yb
Sources of varlability: Na
conc, R-N conc, pH, temp,
fluld comp

Sorption coefflicient (Kd)
(mi/9)

0.2

1 x 10(5)

- to: -

Three refs

Source: ONWi~486 (1983), p, 73

Property class:
Material:
Formation:
Location:
Condition 1:
Condition 2:

Condition 3:
Property/units:

ranges from:
to:

as:

ranges from:
Raference:

Sorption

Vermlcul ite

lons used: Ba, Cs, Rb, Se8, Sr
Sources of variablilty: not
stated

Sorption coefficlent (Kd}
(ml/g)

47

1.9 x 10(3)

- to: -

Two refs

Source: ONWI-486 (1983), p, 73

Property class:
Material:
Formatlon:
Location:
Condition 1:
Condition 2:
Condlition 3:
Property/units:

ranges from:

to:

ass

ranges from:
Reference: -

Sorption

Vermicul ite

Varies wlth pH

Sorption coefficient (Kd)
(ml/g?)

ca, 40

4 x 10(4)

= to: -

Source: Proc NEA Workshop OECD (1979), p, 315

Property class:
Material:
Formation:
Locatlon:
Condition 1:
Condition 2:

Condition 3:
Property/units:

ranges from:

to;

as:

ranges from:
Reference: -~

Sorption

Vermicul I te

pH = 8,5

lons used = |, Te, Np, Sr,
Zr, Cs, Am, Sm, Pu
Sorption coefficlent (Kd)
(ml/g?)

30

4 x 10(6)

- to: -

Source: Proc NEA Workshop OECD (i1979a),

pe 304

Property class:
Material:
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:

Sorption

Yermlcul ite

South Carollina

Saturated NaCl brine

lon used: Cs

Sorption coefficlent (Kdj
(mi/q)

8,9 x 10(2)

1.01 x 10(4)

Hydrotherma! alteration
Untreated to: 200 deg C,
30 WPa

Reference: Roy and Burns
Source: Sci Basis for Waste Management - V

(1982),

Property class:
Matorial:
Formation:
Locatlon:
Condition 1:
Condition 2:
Condition 3
Property/units:

ranges from:
to:
as:
ranges from:

p. 638

Sorption

Vermiculite

South Carolina

Saturated NaC| brine

lon used: Sr

Sorption coefficlent (Kd)
(mi/q)

2 x 10(3)

2.8 x 10(2)

Hydrothermal alteration
Untreated +o: 200 deg C,
30 MPa

Referance: Roy and Burns
Source: Sci Basis for Waste Management - V

(1982),

Property class:
Material:
Formation:
Location:
CondItion 1:
Condition 2:

Condlition 3:

-Property/units:

ranges from:
to:
as:
ranges from:

p, 638

Sorption

Vermicullte and Gibbsite

-

lons used: Ba, Cm, Rb, Sr
Sources of varlabliity: not
stated

1:1 mixture

Sorption coefficlient (Kd)
(ml/g)

77

1520

- to: -

Reference: Komarnen! and Roy (1980)
Source: ONW!-~-486 (1983), p, 73

Proparty class:

Sorption

Materlal: Vermlculite and Shals

Formation:
Location:
Condlition 1:
Condlition 2:

Condition 3:
Property/units:

ranges from:
tos3
as:
ranges from:

Conasauga Shale

lons used: Ba, Cm, Rb, Sr
Sources of variablllity: not
statad

1:1 mixture

Sorption coefflicient (Kd)
mi/g)

41

1340

- Yo -

Refersncea: Xomarnen! and Roy (1980)
Source: OMII-486 (1983}, p, 73



Property class:

Material:

Condition 3:
Property/units:

ranges from:
to:
as:
rangss from:
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Sorption

Vermiculite and Smectite
Formation:
Location:
Condition 1:
Condlition 2:

lons used: Ba, Cm, Rb, Sr
Sources of variabllity: not
stated

1:1 mixture

Sorption coefficient {(Kd)
(ml/g)

192

3800

- to: -

Reference: Kaomarnen! and Roy (1980)
Source: ONWI-486 (1983), p, 73

Property class:

Material:

Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:

Sorption

Vermiculite and Zeolite (various)
Formation:
Location:
Condition 1:
Condition 2:

lons used: Ba, Cm, Rb, Sr
Sources of variabllity:
zoolite species

1:1 mixture

Sorption coefficient (Kd)
(ml/g)

130

5.92 x 10(5)

- to: -

Reference: Komarnen! and Roy (1980)
Source: ONW!-486 (1983), p, 73
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13.1.2 Appendix A.2. GENERAL PHYSICAL PROPERTIES






Property class:

97

Density

Material: Arglliite

Formation:
Location:
Condition 1:
Condition 2:

Condition 3:

Property/units:

ranges from:

to:

as:

ranges from;
Refersance: -

Eleana Arglllite

Nevada

Quartz and illite domlinant
Lesser kaolinlite, chamosite,
etc,

Density (bulk) {(g/cm(3))
2,44

2,71

- to: ~

Source: ORNL/Sub/84-64794/1 (1985), p. 406

Property class:
Material:
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:

to:

as:

ranges from;
Refeorence: -

Density

Bentonite (a)

Pressed at 50 to 100 MPa
Water content ca, 10%
Density (bulk) (+/m(3))
(g/cm(3))

ca, 2.1

~ to: -

Source: Proc NEA Workshop QECD (1979b),

p. 148

Property class:
Material:
Formation:
Location:
Condlition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:

as;

ranges from:

Dens [ty

Bentonite (a)

Oregon
20 - 160 mesh

Specific gravity
2,73

(g/cm(3})

- to: -

Referenca: Taylor et al (1980)
Source: RHO-BWI~SA~80 (1981), p, 6

Property class:
Material:
Formation:
Location:
Condition 1:
Conditlion 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:

Reterence: Taylor et al
Source: RHO-BWI! -~

Denslty

Bentonite (b)

Oregon
Minus 200 mesh

Speclific gravity
2,85

(g/cm(3))

~ to: -
(19380)
SA-80 (1981), p, 6

Property class:
Material:
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:

ast

ranges from:

Reference: Taylor et al

Densit

Bentonite (¢

Wyoming

Spaclfic gravity (g/cm(3))
2,77

- to: =
(1980)

Source: RHO-BW!-SA~-80 (1981), p. 6

Property class:
Material:
Formation:
Location:
Condition 1:

Condlition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:
Reference: -

Dens 1ty

Bentonlite (Ca)

Panther Creek Clay
He!ld at compaction pressure
for one minute

Density (g/cm(3))
<1,7

ca, 2,14
Compaction pressure (MPa) and
water content (%)

55; <5 to: 221; ca, 8

Source: PNL-4452 UC-70 (1983), p, 24

Property class:
Materfal:
Formation:
Locatlon:
Condition 1:
Conditlon 2:

Condition 3:
Property/unlts:

ranges from:

to:

as:

ranges from:
Reference: -

Density

Bentonlte (Na)

Wyoming

MX-80

ADOPTED VALUE FOR
CALCULATIONS

Denslty (specific) (+/m(3))
(g/cm(3))

2,7

- to: -

Source: KBS TEKN!SK RAPPORT 74 (1978), p. 3

Property class:
Material:
Formation:
Location:
Condition 1:

Condition 2;
Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Density

Bentonite (Na) (a)

Pius 80 to 90F crushed
guartzite, quartz sand, etc,
Laboratory compaction
Denslty (bulk) (+/m(3))
(g/cm(3))

1,8

2,0

- to; -

Source: KBS TEKNISK RAPPORT 9 (1977), p. 4



Property class:
Bentonite (Na) (a)
Formation:
Location:
Condition 1:
Condition 2:

Material:

Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:

Reference: -
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Density

Density max!mum near 6% water
Density varles with compac~
tion pressure

Density (g/cm{3})

<1.,8

2,28

Compaction pressure (M a)
55 to: 221

Source: OMWI=312 (1981), p. 32

Property class:
Bentonlte (Na)
Formation:
Location:
Condition 1:

Material:

Condition 2:
Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:

Reference: -

Density
(b)

Pius 80 to 90% crushed
quartzite, sand, etc,
Field compaction test

Density (bulk) (+/m(3))
(g/em(3))

1,4

1,7

- to: -

Source: KBS TEKN|SK RAPPORT 9 (1977), p, 4

Property class:
Bentonite (Na)
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/untts:
ranges from:
to:

as:

Material:

ranges from:

Reference: -

Density
(b)

CS-50 Na~-bentonite
Compaction for one minute

Density (g/cm(3))

<1,8

ca, 2,5

Compactlon pressure (M”a) and
water content (%)

55; <2 to: 221; 5

Source: PNL-4452 UC~70 (1983), p. 21

Property class: Density
Material: Baentonite (Na) (c)
Formation: =
Location: Wyomlng
Condition 1: MX-80
Condition 2: -
Condition 3: -
Property/units: Density (bulk) {(rho x t/m{(3))
(g/cm(3}))
ranges from: 2.54
to: 1,08
as: Water content (wt, %); void

ranqes
FHeterance: -~

from:

ratio (e)
3.7; 0.1 to: 741; 20,0

Source: KBS TEKNISK RAPPORT 74 (1978), p, 4

Property class:
Bentonite (Na) and Sand (a)
Formation:

Material:

Location:

Condition 1:

Condition 2:

Condifion 3:

Property /unlts:
ranges from:
to:

as:

ranges from:
Reference: -

Density

75% clay
Hefd at compaction pressure
for one minute

Density (g/cm(3))

<1.9

ca, 2.8

Compaction pressurs {(MPa) and
water content (%)

55; <3 to: 220; ca, 4

Source: PNL~4452 UC-70 (1983), p. 22

Property class:
Material:
Formation:
Location:
Condition 1:
Condition 2:

Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:
Reference: =

Density

Bentonite (Na) and Sand (b)

50% bentonite

Held at pressure for one
minute

Density (g/cm(3))

<1,9

ca, 2,7

Compaction pressurs (MPa) and
water content (%)

55; <3 to: 276; ca, 8

Source: PNL-A4452 UC-70 (1983), p, 23

Property class: Density
Materlial: Bentonite and Sand
Formation: -
Location: =
Condition 1: Dry
Condition 2: -

Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Density (dry) (Mg/m(3))
(g/cm(3))

1,81

1.4

Clay content (%)

22 to: 100

Source: AECL-7812 (1983), p. 3!

Property class:
Materlal:
Formation:
Locatlon:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:

Dansity

Chiorit

Denslity (dry) (presumed
g/cm(3))

2,6

2.96

~ to: -

Reference: Grim (1968)

Source:

Y/0uW! /SUB-7009/1

(19763, p. 9



Property class:

Materlal: Clay

Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:
Reference: Taylor et al

Source: RHO-BWI

99

Dens fty

Hanford
Ringold clay D

Spéciflc gravity (g/cm(3))
2,71

- to: -
(1980)
-SA-80 (1981), p, 6

Property class: Density

Matertal: Clay

Formation:

Location:

Blue Clay
Italy

Condition 1: -

Condition 2:
Condition 3:

Property/units:
ranges from:
to:

as:

Density (bulk) (kg/m(3))
2100 (2,100 g/cm(3))

ranges from: -~ to: -
Reference: Chapman and Gera
Source: Rad Waste Management and MNuclear Fuel

Cycle,

Property class:
Material: Ciay
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:

ve 6 (1985), p, 54
Dens fty

Boom Clay
Be {gium

Density (bulk) (kg/m(3))
2010 (2,010 g/cm(3))

~ to: =~

Reference: Chapman and Gera
Source: Rad Waste Management and Nuclear Fuel

Cycle,

Property class:
Materiat: Clay
Formation:
Locat fon:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:

ve 6 (1985), p, 54
Density

Oxford Clay
England

Density (bulk) (kg/m(3))
2210 (2,210 g/em(3))

- to: -

Reference: Chapman and Gera
Source: Rad Waste Management and Nuctear Fuel
Cycle, v, 6 (1985), p, 54

Property class:
Materfal: Clay
Formation:
Locatlon:
Condition 1:

Condition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:

Reference: Boutwe!l
Source; ORNL/Sub/84-64794/1

Property class:

Density

Porter's Creek Clay
Louislana

Smectite, kaollinite, 1lllte,
stc,

Quartz 5 to 50 ¢

Density (kg/m(3))
1,954 (1,954 g/em(3))

- to:r -
(1980)
(1985), p, 173

Dens ity

Material: Clay and Sand

Formation:
Locatlion:
Condition 1:

Condition 2:
Condition 3:
Property/units:

ranges from:
to:
as:

ranges from:

Reference: Taylor et al

Varlous bentonlte sand

mi xtures

10 - 708 clay by welght
Denstty (dry) (kg/mg{(3)) (7)
(g/cm(3)) (1)

ca, 1,6

ca, 2,2

Clay content (%) and moisture
content (%)

70; ca, 20 - 27 to:
ca., 5 -~ 15

(1980)

10;

Source: RHO-BWI~S5A-80 (1981), p, 6

Property class:
Material: Clays
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Density

and Shales

Eastern US

Twenty-six determinations

Density (grain) (avsrage)
(presumed g/cm(3))
2,69

- to: -~

Source: Y/OW!/5UB-7009/1 (1976), p. 10

Property class:
Material:
formation:
Location:
Condition 1:
Conditlon 2:
Condition 3:
Property/units:
ranges from:

to:

as:

ranges from:
Reference: Grim

Density

IHlite

Denslity (presumed g/cm(3))
2,65

2,13
Humidlty (%)
Dry to: 100
(1968}

Source: Y/OW1/SUB-7009/1 (1976), p, 9



100

Property ctlass: Densify FProperty class: Density

Material: tllite and Smectite Material: Oil Shales
Formation: -~ Formation: Green River Fm
Location: - Location: -
Condition 1: Mixed-layer with smectite Condition 1: Mahogany zone
Condition 2: - Condition 2: -
Condition 3: - Condition 3: -

Property/units: Density (presumed g/cm(3)) Property/units: Density (bulk) (presumed

ranges from: 2,64 g/cm(3))
to: 1,48 ranges from: 1,506
as: Humldity (%) to: 2,37
ranges from: Dry to: 100 as: -
Referencs: Grim (1968) ranges from: - to: -

Source: Y/OW!/SUB-7009/1 (1976), p, 9

Property class: Density
Material: Kaolinite

Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

Density (dry) (Mg/m(3))
(g/cmn(3))

ranges from: ca., 1,2
to: ca, 1,5
as: Moisturs content (%)

ranges from:

Reference: ~

10 to: 25

Source: AECL-7812 (1983), p, 35

Property class:

Dens ity

Materlal: Kaolinite

Formation: -
Location: -~
Condition 1: ~
Condition 2: ~
Condition 3: -
Property/units: Density (presumed g/cm(3))
ranges from: 2,60 - 2,68
to: 2.43
as: Humidity (%)
ranges from: Dry to: 100

Reference: Grim (1968)
Source: Y/OW! /SUB-7009/1 (1976), p. 9

Property class:

Dens ity

Materlal: Kaolinlte and Sand

Formation:
Location:
Conditlon 1:
Condition 2:
Condition 3:
Property/units:

Dry

Density (dry) (Mg/m(3))
(g/cm(3))

ranges from: 2,05

to: 1,45

as: Clay content (%)
ranges from: 22 to: 100

Refeorence: -~

Source: AECL-7812 (1983), p, 31

Referance: -

Source: Y/OWi/SUB-7009/1 (1976), p, 13

Property class:
Material: Shale
Formation:
Location:
Condition 1:
Condition 2:
Conditlion 3:
Property/units:

Density

Catifornia
Pliocene
Depth: 5,000 to 6,000 feet

Denslty (presumed g/cm(3))

ranges from: 2,5

to:
3s:
ranges from:

Water content (%)
6 to: -

Referencea: McCulloch (1967)
Source: Y/OWi/SUB-7009/1 (19763, p, 12

Property class:
Material: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
FProperty/units:
ranges from:
To:

as:

ranges from:

Density

Antrim Shale
Michigan

Quartz dominant
tHlite, kaolinite

Density (bulk) (g/cm(3))
2,2
2.8

- tor -

Reference: Young (1978)
Source: ORNL/Sub/84-64794/1 (1985), p., 96

Property class:
Material: Shale
Formation:
Location:
Condition 1:
Condltion 2:
Condition 3:
Property/units:

ranges from:

to:

as:

rangas from:
Reference: -

Density

Bearpaw Shale

Montana

Upper Cretaceous

Depth from 180 10 200 feet

Density (dry) (averags)
(Ibs/f1(3))
118 (1,890 g/cm(3))

- to: =

Source: Y/OH!/TM36/6, p. 6-1



Property class:
Materlial: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/unlts:

ranges from:

to:

as:

ranges from:
Reference: -

Deifs Ity

Bearpaw Shale

Montana

Upper Cretaceous

Depth from 180 to 200 feet

Density (wet) (average)
(pounds/f1+(3))
135 (2,162 g/cm(3))

- to: -~

Source: Y/OWI /TM36/6, p, 6-1

Property class:
Material: Shale
Formation:
Location:

Condition 1:
Condltion 2:
Condition 3:
Property/units:

ranges from:
to:

as:

ranges from:
Reference:

Dens ity

New Albany Shale
lilinols, Indiana, and
Kentucky

Devonlan and Mississipplan
Five coreholes
lltite:chlorite = 2:1
Density (bulk) (average)
(g/cm(3))

2,36

2,53

- to; -

Several refs

Source: ORNL-5703 (1983), p. 76

Property c¢lass:
Material: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:
as:
ranges from:
Reference: -

Dens ity

Olentangy and Huron Shales
Ohio

Iitite dominant

Several samples

Density (bulk) (g/cm(3))
2,65

~ to: -

Source: ORNL/Sub/84-64794/1 (1985), p, 108

Property class:
Materlial: Shale
Formation:
Location:
Condition 1:
Condition 2:
Conditlon 3:
Property/units:
ranges from:
to:

as:

ranges from:
Raference: Abe!

Dens ity

Pierre Shale
Northern Great Plains

Denstty (dry) (Ibfcu ft)
95 (1,522 g/cm(3))
110 (1,762 g/em(3))

~ to: -
and Gentry (1975)

Source: ORNL/Sub/84-64794/1 (1985), p. 293

101

Property class:
Material: Shale
Formation:
Location:
Condition 1:
Condlition 2:
Condition 3:
Property/units:

ranges from:
to:

as:

ranges from:
Reference: Kerr

Density
(a)

Miocane

Denslty (bulk) (presumad
g/em{3))

2,1

2,5

Water content ($); depth (ft)

31; 6,000 to: 4; 16,000
and Barrington (1961)

Source: Y/OM! /SUB~T7009/1 (1976}, p. 12

Property class:
Materlal: Shale
Formation:
Location:
Conditlion 1:
Conditlion 2:
Conditlion 3:
Property/units:
ranges from:
to:
as:
ranges from:
Reference: -

Density
(a)

Summary

Density (kg/m(3))
2,123 (2,123 g/cem(3))
3,003 (3,003 g/cm(3))

- to: -

Source: ORNL-6241/Vi (in preparation) p, 40

Property class:
Materlal: Shale
Formation:
Location:
Condition 1t:
Condition 2:
Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: =~

Density
(b)

-

Density (grain) (average)
(presumed g/cm(3))
2, N

- to: -

Source: Y/OWl/SUB-7009/1 (19756), p, 10

Property class:
Matarlai: Shale
Formation:
Location:
Condition 1:
Condlition 2:
Conditlon 3:
Property/units:
ranges from:
to:

as:

ranges from:

Reference: Loken,

Density
(b)

Denslity {kg/m(3))
2,563 (2,563 g/cm(3))

- to: -

(1984)
Source: CORNL-6241/¥2 (in preparation) p, 99

M, {persona! communlcation)



Property class:
Materlal: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:
as:
ranges from:
Reference: -

Source: Y/C4l/SUB-7009/1

Property class:
Materlal: Shale
Formation:
l.ocation:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:
as:
rangss from:
Raference: -
Source:

Property class:
Material: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from: 2,2

to:

as:

ranges from:
Reference: -

Y /G| /SUB~T009/1

Density
(c)

Paleozolc

Deep burial

Expanded

Density (presumed g/cm(3))
2,4

- to: ~
(1976), p. 8

Denslity
(d)

Palaoczolc

Deep burial

Non-expanded

Density (presumed g/cm(3))
2,65

- to: ~
(1976), p. 8

Density
(e)

Paleozoic

Shallow burlal

Expanded

Density (presumed g/cm(3))

- to: -

Source: Y/C!/SUB-7009/1 (1976), p, 8

Property class:
Matarial: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:
as:
ranges from:
Reference: -

Density
(f)

Paleozolc

Shal low burial
Non—expanded

Density (presumed g/cm(3))
2,3

- to: -

Source: Y/OW1/SUB~-7009/1 (1976}, p, 8

Property class:

Density

Materlal: Shale (g)

Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:
as:
ranges from:
Reference: -
Source:

Property class:
Material:
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:
as:
ranges from:
Referenca: -
Source: Y/CW!/S

Property class:
Material:
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:
as:
ranges from:
Reference: -
Source: Y/0W!/S

Property class:
Material: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:
as:
ranges from:
Reference: Two
Source: Y/OwWi/S

Y /01 /SUB-7009/1

Shale

Shale

Tertiary

Deep burial

Expanded

Denslity (presumed g/cm(3))
2.2

- to: -
(1976), p. 8

Denslty
(h)

Tertiary

Deep burial

Non-expanded

Density (presumed g/cm(3))

= to: -

UB~7009/1 (1976), p. 8
Density
()

Tertiary

Shaliow burial

Expanded

Density {presumed g/cm(3})
2,0

- to: ~
uB~7009/1 (1976), p, 8

Density
()

Gulf Coast
Oligocene

Density (g/cm(3))

2.1

2.3

Porosity (%); Depth (feet)
22; 2,000 Yo: 12; 10,000
refs
UB-7009/1 (1976), p, 121



Property class: Density
Material: Shale (k)
Formation: -
Location: Guif Coast
Conditlon 1: Eocene
Condition 2: Depth 8,600 feet
Condition 3: -
Property/units: Denslty (prasumed g/cm(3))
ranges from: 2,58
to: -
as: Water content (%)
ranges from: 1,3 to: -
Reference: Dickinson (1953)
Source: Y/OW!/SUB~7009/1 (1976), p, 12

Property class: Density

Materlal: Shales
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/unlts:

[ I I I |

Density (dry) (presumed

g/cm(3))
ranges from: 1,55
to: 2,55

as: Depth (feet)
ranges from: 0 fo: 11,000
Reference: Skeels (year not stated)
Source: Y/OW!/SUB~7009/1 (1976), Fig. !

Property class: Denslty
Materlal: Shales
Formation: =~
Locatlion: -
Condition 1: Represents many tests
Condition 2: -
Condition 3: -
Property/units: Density (Ibs/f1(3))
ranges from: 117 (1,874 g/cm(3))
to: 188 (3,011 g/cm(3))
as; -
ranges from: - to: -
Reference: Several refs
Source: Y/OW1 /TM36/6, p, A-2, 3 & 4

Property class: Denslty
Material: Shales
Formatlion: -
Location: -~
Condition 1: -
Condition 2: -
Condition 3: -
Property/units: Denslty (wet) {(presumed
g/em(3))
ranges from: 1,98
to: 2,67
as: Depth (feet)
ranges from: 0 to: 11,000
Reference: Skeels (year not stated)
Source: Y/OW!/SUB~7009/7 (1976), Fig, 1

Property class:

Density

Material: Shales

Formation:
Location:
Condition 1:
Condition 2:
Conditlon 3:
Property/units:

ranges from:

tTo:

as:

ranges from:
Reference: -

Black Hills

Cretacsous

Nine determinations
Denslity (grain) (average)
(presumed g/cm(3))

2,66

- to: -

Source: Y/OMI/SUB-7009/1 (1976}, p, 10

Property class:

Density

Materlal: Shales

Formation:
Location:
Conditlon 1:
Condition 2:

Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:

Eastern Canada

Cretaceous

I{1ite dominant plus
chlorite, quartz, smectite,
etc,

Density (bulk}) (presumed
g/cm(3))

2.07

2,68

Depth (feet)

2,698 to: 9,120

Reference: Kaarsberg (1959)
Source: Y/OW1/5UB-7009/1 (1976), p, 15

Property class:

Dens ity

Material: Shales

Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:

to;

as:

ranges from:
Reference: =~

Kansas
Paleozolc and Mesozolc
Twenty-five determinations

Density (grain) (average)
(presumed g/cm(3))
2,72

- to: -~

Source: Y/OW!/5UB-7009/1 (1976), p, 10

Property class:

Material: Shales

Formation:
Location:

Condition 1:
Condition 2:
Conditlon 3:
Property/units:

ranges from:
to:
as:
ranges from:

Density

New York, Kentucky, Virginla
and Wast Virglnia
Devonian

Density (bulk) (average)
(g/cm(3))

2,61

2,68

- to: -~

Reference: Several refs
Source: ORNL~5703 (1983), p, 37
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Property class: Density
Material: Shates
Formation: -
Location: Oklahoma
Condition 1: Permian and Pennsylvanian
Condition 2: -
Condition 3: -~
Property/units: Density (bulk) (presumed
g/cm(3))
ranges from: 2.1
to: 2,62
as: Depth (feet)
ranges from: 400 to: 5,000
Reference: Athey (1930)
Source: Y/O4I/SUB-7008/1 (1976), p, 16
Property class: Denslity
Material: Shales
Formation: -
Location: Venezuela
Conditlon 1: Tertlary
Condition 2: Forty determinations
Condition 3: -

Property/units:

Density (graln) (average)
(presumed g/cm(3))

ranges from: 2,69
to: -
as: -~
ranges from: - to: -
Reference: -
Source: Y/O4l/SUB-7009/1 (1976), p. 10

Froperty class:
Shales (a)
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:
Several
Source: ORNL~6241/V2 (in preparation) p,

Materlal:

Refersnce:

Property class:

Material:

ranges from:
to:
as:
ranges from:

Denslty

Density (bulk) (g/cm(3))
1.6

2.5

Depth (m)

0 to: 6000

refs

199

Density

Shales (b)
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

Pennsy{vanian
Three samples

Density (bulk) (presumed
g/cm(3))

2,40

2,43

Water content (%)

12 to: 1N

Reference: Kaarsberg (1959)
Source: Y/CW| /SUB-7009/1 (1976), p. 16

Property class: Density

Property class: Density Material: Shaies (c)
Material: Shales Formation: -
Formation: Graneros, Greenhorn, Niobara Location: -
and Pierre Shales Condition 1: Mississippian-Devonlan
Location: Black Hills Condition 2: -~
Condition 1: - Condition 3: -~
Condition 2: - Property/units: Density (natural) (presumad
Condition 3: -~ g/cm{3))
Property/units: Density (bulk) (presumed ranges from: 2,43
g/cm(3)) to: 2,65
ranges from: 1,559 as: -
to: 2,038 ranges from: - to: -
as: - Reference: -~
ranges from: -~ to: - Source: Y/M!1/5UB-7009/1 (1976), p, 18
Reference: Rubey (1930)
Source: Y/OwW1/SUB-7009/1 (1976), p, 14 Property class: Denslity
Material: Smectite
Property class: Density Formation: =~
Material: Shales Location: -
Formation: lreton Fm Condition 1: -
lLocation: Western Canada Condition 2: -
Condition 1: Devonian Condition 3: -
Condition 2: 1llite plus chlorite Property/units: Density (presumed g/cm(3))
Condition 3: Some calclte and dolomite ranges from: 2,2-2.7
Property/units: Denslty (bulk) (presumed to: 1,77
g/cmi3)) as: Humidity (%)
ranges from: 2,43 ranges from: Dry to: 100
to: 2,71 Reference: Grim (1968)
as: Depth (feet) Source: Y/OW! /SUB-7009/1 (1976}, p, 9

ranges from:

2,770 to: 6,565

Reference: Kaarsberg (1959)

Source:

Y /OW i /SUB-7009/1

(1976), p. 17



Property class:
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Molisture content

Materlal: Argltlite

Formation:
Location:
Condition 1:
Condition 2:

Condition 3:

Property/units:

ranges from:

tTo:

as:

ranges from:
Reference: -

Eleana Arglliite

Nevada

Quartz and illite dominant
Lesser kaolinlte, chamosite,
etc,

Moisture content (%)

2

4

- to: -

Source: ORNL/Sub/84~64794/1 (1985), p, 406

Property class:
Matarial:
Formatlon:
Locatlion:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:
as:
ranges from:
Reference: -

Moisture content

Bentonlte and Sand

Moist

Molsture content
13

22

Clay content (%)
22 to: 100

(%)

Source: AECL-7812 (1983), p. 31

Froperty class:
Matarial:
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:
as:
ranges from:
Raference: -

Moisture content

Kaolinite and Sand

Moist

Molsture content
10

30

Clay content (%)
22 to: 100

%)

Property class:
Material: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:
as:
ranges from:
Reference: -

Molsture content

Bearpaw Shale

Montana

Upper Cretaceous

Depth from 180 +o 200 feet
Water content (average) (%)
15

-~ to: -

Source: Y/OW!/TM36/6, p, 6-!

Property class:
Materlal: Shale
Formation:
Locatlion:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Molisture content

Chagr!n Shale
Ohlo

Devonfan
Intact

Molsture content (natural)
69)
4

- to: =

Source: Y/OWI/TM356/6, p, 4~12

Property class:
Matertal: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:
as:
ranges from:
Reference: -

Mo isture content

Lewls Shale
New Mexico

Mo isture content (%)
3,7
6,2

- to: ~

Source: AECL-78B12 (1983), p, 31

Property class: Molsture content

Source: Y/Owi/TM36/6, p, B-5

Property class: Moisture content

Materlal: Shale
Formation:
Locatlion:
Condition 1:
Condition 2:
Condition 3:
Property/unlts:

ranges from:

to:

as:

ranges from:
Reference: -

Arnhelm and Waynesville Fms
Ohlo

Ordovician

Intact

Molsture content (natural)
¢

2

- to: -

Source: Y/OWI/TM36/6, p, 5~-14

Material: Shale
Formation:
Location:
Condition 1V:
Condition 2:
Condltion 3:
Property/unlts:
rangss from:
to:
as:
ranges from:
Reference: -

Mancos fm
New Mexico

Moisture content (rock) (%)
3
1

~ to: -

Source: Y/OW!/TM36/6, p, B~3



Proparty class:

Moisture content

Material: Shale (a)
Formation: -
Location: -
Condition 1: Intact
Condition 2: -~

Condition 3:
Property/units:

rangss from:

to:

as:

ranges from:
Reference: -

Molsture content (natural)
%)

0

38

- to: -

Source: Y/OW!/TM36/6, p, 2-2

Property class:
Materlal: Shale
Formatlon:
Location:
Condition 1:
Condition 2:
Condltlion 3:
Property/units:

ranges from:

to:

as:

rangas from:
Refarence: -

Molisture content
(b)

"Typical™ itlitic
Intact

Moisture content (natural)
(%)
1,5

- to: -

Source: Y/OW!/TM36/6, p, 7-8

Property class:
Material: Shails
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:

to:

as:

rangss from:
Referance: -~

Molsture content
(c)

Pierre Shale
Cretacenus
Intact

Moisture content (natural)
(%
18

- to: -

Source: Y/O®I|/TM36/6, p, 3-24

Property class:
Materlal: Shale
Format!on:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:
to:

as:

ranges from:
Referenca: Abe!

Source: ORNL/Sub/84--64794/1

Molsture content

(d)

Plerre Shale

Morthern Great Plains

Molsture content (natural)
(%

18

38

- to: -
and Gentry (1975)

(1985), p. 293
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Property class: Moisture content

Material: Shale (e)
Formation: Pierre Shale
Location: Western USA

Condition V: Cretacsous
Condition 2: ~
Condition 3: ~

Property/units: Molsture content (%)
ranges from:

to: 15
as: Depth
ranges from: "Near surface® to: "Deeply
burled"
Reference: ~

Source: Y/OW!|/TM36/6, p, 3-1

Property class: Moisture content
Material: Shales
Formation: Plerre, Bearpaw and Claggett
Shates
Location: -~
Condition 1: Porosities stabllize at 200
to 300 feet depth

Condition 2: ~
Condltion 3: -
Property/units: Mglsfure content (natural)l
(%)
ranges from: 38
to: 12
as: Porosity (%)
ranges from: 61 to: 26

Reference: Abel and Gentry (1975}
Source: Y/OWl/SUB-7009/1 (1976), p. 14
Property class: Moisture content
Material: Shales (a)
Formation: -
Location: -
Condition 1: Represents many tests
Condition 2: -
Condition 3: -
Property/units: Molsture content (%)
ranges from: 1,
to: 38
as: -
ranges from: -~ to: -
Reference: Several refs
Source: Y/OW!/TM36/6, p, A~13, 14 & 15

Property class: Moisture content
Material: Shales (b)
Formation: -
Location: -
Condition 1: -
Condition 2: -
Condition 3: -
Property/units: Watsr content (vol %)
ranges from: 70 to 90
to: 5 Yo 10
as: Depth (m)
ranges from: 0 to: 1,000
Reference: Burst (1969)
Source: ORNL-6241/¥2 (in preparation) p, 218



Property class:
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Material: Arglilite

Formation:
Location:
Condltion 1:
Condition 2:

Condition 3:

Property/units:

ranges from:

to:

as:

ranges from:
Reference: -~

Poros ity

Eleana Argl!iite

Nevada

Quartz and illite dominant
Lesser kaolinlte, chamoslite,
etc,

Porosity (%)
8 10 16

6 to 12
Depth (m)

<500 to: 500-914

Source: ORNL/Sub/84-64794/1 (1985), p. 406

Property class:
Material:
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Referance: -

Poros Ity

Bentonite and Sand

Yarious bentonlite:sand ratios

Porosity (effective) (unlts
not stated)

ca 0,4

0,002

Density (dry) (Mg/m(3))
1,2 to: 1,8 to 2.4

Source: AECL-7812 (1983), p, 32

Property class:
Matarlal: Clay
Formation:
Location:
Conditlion 1:
Condition 2:
Condition 3:
Property/unlts:

Poros Ity

Biue Clay
Italy

Poroslty ($)

ranges from: 25

to:
ass:
ranges from:

- to: -

Reference: Chapman and Gera
Source: Rad Waste Management and Nuclear Fue!
Cycle, v, 6 (1985), p, 54

Property class:
Materlal: Ciay
Formation:
Location:

Poros ity

Boom Clay
Batlglum

Condition }: -

Condition 2:
Condition 3:
Property/un!ts:
ranges from:
to:

ass

ranges from:

Porosity (%)
38,5

~ to: -~

Reference: Chapman and Gerz
Source: Rad Waste Managemenf and Nuclear fFuel
5

Cycls, v, & (198

Y, pe

Property class:
Materlal: Clay
Formation:
Location:

Poros ity

Oxford Clay
England

Condfition 1: ~

Conditlon 2:

Condlition 3: ~

Property/units:
ranges from:
to:

as:

ranges from:

Porosity (%)
30

- to: -~

Reference: Chapman and Gera
Source: Rad Waste Management and Nuclear Fuel
Cycle, v, 6 (1985), p, 54

Property class:
Materlal:
Formation:
Locatlion:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Porosity

Lilite

=

Spaeclfic surface

= 8 hm(2) /kg

-

Poraosity (sffectiva) (unlts
not stated}

ca, 0,5

ca, 0,002

Dansity (dry) (Mg/m{(3))

1.2 to: 2,6

Source: AECL-7812 (1983), p, 32

Property class:

Poras ity

Materlal: Kaol!n!fe

Formation:
Location:
Condltion 1:
Condition 2:
Conditlion 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Speclific surface

= 2 hm(2) /kg

Porosity {effective) (unlts
not stated)

Ca, 005

ca, 0,002

Density (dry) (Mg/m(3))

1.2 to: 2,6

Source: AECL~7812 (1983), p, 32

Property class:
Materlal: Shale
Formation:

Porosity

Location: -

Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Refarence: -

ADOPTED BASE VALUE

Porosity (effective) (units
not stated)

4,05

0,005

- to: ~

Source: ORNL~6241/¥1 (in preparation) p, 33
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Property class: Porosity
Materlal: Shale
Formation: -
Location: -
Condition 1: "Typicat® i1{itic
Condition 2: Intact
Condition 3: -
Property/units: Porosity (rock mass) (%)
ranges from: 3,0

to: ~
ass -~
ranges frem: - to: -

Refsrence: -
Source: Y/OWi/TM36/6, p, 7-8

Property class: Porosity
Matsrial: Shale
Formation: -
Location: -
Condition 1: ADOPTED BASE VALUE
Condition 2: ~
Condltion 3: -~
Property/units: Poroslty (total) (units not
stated)
ranges from: 0,1
+o: 0,01
as: -
ranges from: -~ to: -
Reference: -
Source: ORNL~6241/¥1 (in preparation) p. 33

Property ciass: Porosity
Materlial: Shale
Formation: =
Location: Great Britaln
Condition 1: Sliurian
Condition 2: Five outcrop samples
Condition 3: -
Property/units: Poroslty (total) (units not
stated)
ranges from: 0,020
to: 0,101
as: -
ranges from: - to: -
Reference: Manger (1963)
Source: ORML-6241/V2 (in preparation) p, 52

FProperty class: Porosity
Matarial: Shaie
Formation: -
Location: Michigan
Condition ': Devonian
Condition 2: -
Condition 3: -
Property/units: Foroslity (totral) (units not
stated)
rangss from: 0,03
to: 0,10
as: -
ranges from: -~ to: -
Refarenca; Gonzales (1984)
Sourcs: ORML~6Z41,/¥2 (In preparation) p. 52

Froperty class: Porosity
Materlal: Shale
Formation: -
Location: South Carclina
Condlition 1: Trilassic
Condition 2: Dumbarton Basin
Condition 3: -
Property/units: Porosity (sffectiva) {units
not stated)
ranges from: 0,005
to: -
as: -
ranges from: - to: -~
Raference: Gonzales (1984)
Source: ORNL-5241/V2 (in preparation) p, 52

Property class: Porosity
Material: Shale
Formation: Arnhelm and YWaynesville Fms
Location: Ohilo
Condition 1: Ordoviclan
Condition 2: (ntact
Condition 3: -
Property/units: Porosity (effective) (%)
ranges from: 4
to: -~
as: -
ranges from: — to: -
Reterence: ~
Source: Y/OW!/TM36/6, p. 5-14

Property class: Porosity
Material: Shale
Formetion: Chagrin Shale
Locattion: Ohio
Condition 1: Devonian
Condition 2: Intact
Condition 3: -
Property/units: Porosity (rock mass) (%)
rangas from: 8
to: -
as: -
ranges from: - to: -~
Reference: -
Source: Y/O4l /TM36/6, p, 4-12

Property class: Porosity
Materlal: Shale
Formation: Chanute Shale
Location: Kansas
Condition 1: Pennsylvanlian
Conditlon 2: Four samples
Conditicon 3: 230-m depth
Property/units: Poroslty (totail) (units not
stated)
ranges from: 0,073
to: 0,106
as: -
rangss from: - to: -
Refsrence: Manger {1963)
Source: ORNL~6241/¥2 (in preparation) p., 52



Property class:
Material: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:
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Poros ity

Chattanocoga Shale
Kentucky

Devonian

Two subsurface samples
Porosity (total)
stated)

0,074

0.076

- to: -

(units not

Reference: Manger (1963)
Source: ORNL-~6241/V2 (in preparation) p. 52

Property class:
Material: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:

Porosity

Conasauga Shale
Tennessee

Porosity (%)
0,5
1.9

- to: -

Reference: Delaguna (1968)

Source: ORNL-6241/V2 (in preparation) p, 219

Property class:
Material: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:

Porosity

Conasauga Shale
Tennessee
Cambrian

Five samples

Porosity (total) (units not
stated)

0,005

0,019

- to: -

Reference: Delaguna (1968)
Source: ORNL-6241/V2 (in preparation) p, 52

Property class:
Material: Shale
Formation:
Location:
Condition 1:
Condlition 2:
Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:

Porosity

Hami iton Shals

Missourl

Mississlipplian

One cutcrop sample
Porosity (total) (units not
stated)

0,113

- to: =~

Reference: Manger (1963)
Source: ORNL-6241/V2 (in preparation) p, 52

Property class:
Material: Shale
Formation:
Locatlon:
Condition 1:
Condltion 2:
Conditlon 3:
Property/units:

ranges from:
to:
as:
ranges from:

Porosity

Martinsburg Shale
Pennsylvania
Ordovician

Quarry sample

Porosity (totatl)
stated)
0,010

(units not

- to: -~

Reference: Manger (1963)
Source: ORNL~6241/¥2 (in preparatlon) p, 52

Property class:
Material: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:

Reference: Mandin et al

Porosity

Muddy Shale
Colorado
Depth 4,900 feet

Porosity (%)
4.1
5.1

- to: -
(1963)

Source: Y/OWI/5U8-7009/1 (1976}, p, 14

Property class:
Material: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condltion 3:
Property/units:

ranges from:
to:
as:
ranges from:

Porosity

New Afbany Shale
I1linols, Indiana, Kentucky
Devonlan

Porosity (total) (units not
stated)

0,009

0,046

-~ to: ~

Reference: Gonzales (1984)
Source: ORNL-6241/Y2 (in preparation) p, 52

Property class:
Material: Shale
Formation:
Location:
Condltion 1:
Condition 2;
Condition 3:
Property/units:
ranges from:
fto:
as:
ranges from:
Reference: -

Poros ity

Olentangy and Huron Shale
Ohio

Devonlan and Misslissippian
lilite dominant

Poroslty (primary) (%)
>3 ¢

- tor ~

Source: ORNL/Sub/84-64734/1 (1985), p. 108



Property class:
Materlal: Shale
Formatlion:
Locatlon:
Cond!tlion 1:
Condltlon 2:
Conditlion 3:
Property/unlts:

ranges from:
to:
as:
ranges from:

Porostty

Ophlr Shale
Utah
Cambrlan

Two subsurface samples

Porostty (total)
stated)
0,009

- Yo:r -

Raference: Manger (1963)
Source: ORNL-6241/V2 (1ln preparatlion) p, 52

Property class:
Materlal: Shale
Formatlion:
Locatlon:
Condltlon 1:
Condltlon 2:
Condltlon 3:
Property/unlts:
ranges from:
to:
as:
ranges from:
Referencs: -

Poros !ty

Plerre Shale

Cretacsous
Intact

Poros!ty (%)
35

- to:r -

Source: Y/041/TM36/6, p, 3-24

Property class:
Materlal: Shale
Formatlton:
Locatlon:
Condltton 1:
Cond!tlon 2:
Condlflon 3:
Property/unlts:
ranges from:
to:

as:

ranges from:

Poros !ty
(a)

Porostty (%)

30
5 to 10
Depth (m)

500 to: 2,500

Reference: Conybeara (1967)

Source: ORNL-6241/V2 (1n preparatlon) p. 218

Property class:
Matertial: Shale
Formatlon:
Locatlon:
Condttton 1:
Cond!tlon 2:
Condltion 3:
Property/unlts:
ranges from:
to:

as:

ranges from:
Reference:

Loken, M,

Poros !ty
(a)

0,01

- to: =

(1984)

Sourca: ORNL=-6241/V2

{untts not

Porosity (effectlve) (unlts not

(parsonal communlcatlon)

(In preparation) p. 99

Property class: Poroslty
Matertal: Shale (a)
Formation: -
Locatlon: -
Cond!tton 1: -
Cond!tlon 2: -
Condttlon 3: =~

Property/unlts: Poroslty (total) (unlts not
stated)
ranges from: 0,03
to: -~
as: -
ranges from: - to: =

Reference: Loken, M, (personal communlcatlon)

(1984)
Source: ORNL-6241/V2 (!n preparattion) p, 99
Property class: Poros!ty
Materlal: Shale (a)
Formatlon: Antrim Shale
Locatlon: Mlchlgan
Cond!tlon 1: Devonlan

Condltlon 2:
Condltlon 3:

Depth from 350 to 450 m

Porostty (%)

Property/unlts:
ranges from: 3
to: 10
as: -
ranges from: -~ to: -
Reference: Two refs

Source: ORNL-5703 (1983), p, 106
Property class: Poroslty
Materlal: Shale (a)
Formatlon: New Albany Shale
Locatlon: I lllnols, iIndlana and
Kentucky
Cond!tlon 1: Devonlan and M!sslssipplan

Condltlon 2: Four coreholes
Cond!tton 3: -
Property/unlts: Poroslty (average) (vol, %)

ranges from: 0,95
to: 4,64
as: -~

ranges from: = to: -

Reference: Several refs
Source: ORNL-5703 (1983), p, 76

Property class: Poroslty
Materlal: Shale (b)
Formatton: -~
Locatlon: -
Cond!tton 1: Intact
Condltlon 2: ~
Cond!tlon 3: -
Property/unlts: Porosl!ty (rock mess) (%)
rangaes from: 0
to: 45
as: -
ranges from: ~ to: ~
Reference: -
Source: Y/OW!/TM36/6, p, 2-2



Property class:
Material: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:
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Poros ity
(b)

Poroslity (total) (units not
stated)
0,03

- to: -

Reference: D'Appalonia (1980)
Source: ORNL-6241/V2 (in preparation) p. 52

Property class:
Material: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:

Poros ity

(b)

Antrim Shale
Michigan

Quartz domlnant
Illite and kaolinite
Porosity (%)

3

10

- tor =

Reference: Young (1978)
Source: ORNL/Sub/84-64794/1 (1985), p, 98

Property class:
Material: Shatle
Formation:
Location:
Conditlon 1:
Condition 2:
Conditlon 3:
Property/units:
ranges from:
to:

as:

ranges from:

Poroslity

(b)

New Albany Shale

Illinols, lndiana, Xentucky
Black shale
Quartz dominant
tllite:chlorite =
Porosity (%)

0.95

4,64

Z2:1

- to: -

Reference: Kalyoncu et al (1979)

Source: ORNL/Sub/84-64794/1

Property class:
Matertal: Shate
Fformation:
Location:
Condition 1:
Condition 2:
Conditlon 3:
Property/units:

ranges from:
to:
as:
ranges from:

Reference: Panday

(1985%), p. 85

Porosity
(c)

Two samples

Porosity (total) (unlts not
stated)

0,003

0,056

- to: -
(1974)

Source: ORNL-6241/V2 (in preparation) p, 52

Property class:
Matertal: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:

Porosity
(d)

Ohito
Devonlan
Appalachian Basin Shale

Porosity (total)
stated)
0,03

(units not

- to: -

Reference: Gonzales (1984)
Source: ORNL-6241/V2 (in preparation) p, 52

Property class:
Material: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:

Reference: U, S.

Porosity
()

Pennsylvania

Devonian

Gas shale

Poros ity (total) (units not
stated)

0,0117

- to: -
DOE (1981)

Source: ORNL-6241/V2 (in preparation) p. 52

Property class:
Material: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:

Poros ity

()

Scot land

Carbonlferous

Qutcrop sample

Forosity (total) (units not
stated)

0,016

- to: -

Reference: Manger (1963)
Source: ORNL-6241/V2 (in preparation) p, 52

Property class:
Material:
Formation:
Locatlion:
Condition 1:
Conditlion 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:
Reference:

Shales

Several
Source: ORNL~6241/V2 (in preparation) p,

Porosity

Poroslity (%)

70

10

Depth (m)

0 to: 6,000

refs

199



Property class:
Shales
Formatton:
Locatlon:
Condltlon 1:
Cond!tlon 2:
Cond!tlon 3:
Property/units:
ranges from:
-to:
as:
ranges from:

Materlal:
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Poroslty

Appalachlan Basin
Devonlan

Porosl!ty (%)
ca. 3

~ to: =

Reference: Gonzales and Johnson (1984)
Source: ORNL-6241/V2 (ln preparation) p. 219

Property class:
Shales
Formatlon:
Locatton:
Cond!tlon 1:
Condltlon 2:
Cond!tlon 3:
Property/untts:
ranges from:
to:
as:
ranges from:

Materlal:

Poros Tty

I1tTnols Basln
Devontan

Porostty (B)

4.6

- to: -

Referenco: Gonzales and Johnson (1984)
Source: ORNL~6241/Y2 (1n preparatlon) p, 219

Property class:
Shales
Formation:
Locatlon:
Cond!tlon 1t:
Cond!tlon 2:
Cond?tlon 3:
Property/unlts:

Materlal:

Poros!ty

Kentucky (a)
Pennsylvanlan

Porosity (%)

ranges from: 3,3

to:
as:
ranges from:

10,1
Depth ™(m)
ca, 450 to: -

Reference: Glpson (1966)
Source: ORNL-6241/V2 (In preparatlon) p, 219

Property class:
Shales
Formatton:

Locatlon:
Cond!tlon 1:
Condltlon 2:
Cond!+ton 3:

Matertal:

Property/unlts:
ranges from:
to:

as:

ranges from:

Poros !ty

Kentucky (b)

Pennsytvanian

Poros!ty decreases wlth depth
Poros!ty decreases with pre=-
ferred orlentatlon

Poroslty (%)

15

3

Depth (feet); Water content
(%)

31; 6 to: 1,484; 1

Reference: Glpson (1966)

Source:

Y /0wl /SUB~7009/1

(1976), p. 16

Property class: Poroslty
Materlal: Shales
Formation: =~
Locatton: Kentucky, New York, Virglnla
and West Yirglinla
Cond!tlon 1: Devontan
Cond!tlon 2: ~
Cond!tlion 3: -

Property/unlts: Porosliy (average) (voil, %)
ranges from: 2,86 to 3,87
to: -
as: -

ranges from: - to: -
Reference: Several refs
Source: ORNL-5703 (1983), p, 37

Property class: Poroslty
Matarlal: Shales
fFormatlion: -
Location: Michlgaen Bas'n
Condtttlon 1: Devonlan
Cond!tlion 2: -
Condl+lon 3: -
Property/unltts: Poroslty (%)
ranges from:
to: 10
as: -
ranges from: - to: -
Reference: Gonzales and Johnson (1984}
Source: ORNL~6241/V2 {ln preparation) p, 219

Property class: Poroslity
Materlal: Shalss
Formatlon: -
Locatlion: Oklahoma
Condltion 1: Pennsyivanlan and Permlan
Condltion 2: ~
Condltion 3: -
Property/units: Porostty (%)
ranges from: 25
to: 2
as: Depth (feet)
ranges from: 400 to: 5,000
Reference: Athey (1930)
Source: Y/OW!/SUB-7009/1 (1976), p. 16

Property class: Poroslity
Materlal: Shales
Formatlon: -

Locatton: Pennsylvanla
Cond!tlon 1: Devonlan
Cond!tlon 2: -

Condltlon 3: -
Property/unlts: Poroslty {(effective) (%)
ranges from: 1,17
to: -
as: -
ranges from: - to: -~
Reference: U, S, DOE (1981)
Source: ORNL-6241/Y2 (In preparatlon) p. 219



Property class:
Materlal:
Formation:
Location:
Condition 1:
Condlition 2:
Condition 3:
Property/units:
ranges from:
to:

ass

ranges firom:

Shales
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Poros!ity

South Carolina
Triassic

Poroslty (effectlive) (%)
ca, 0,5

- to: -

Reference: U, §, DOE (1981)
Source: ORNL-6241/VZ (in preparation) p, 219

Property class:
Material:
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:

Poros ity

Shales

USA and Europe
Outcrops, mines and borseholes

Porosity (%)
19
1

- to: -

Reference: Manger (1963)
Source: ORNL-6241/V2 (In preparation) p., 219

Property class: Porosity
Matarial: Shales (a)
Formation: -~
Location: =

Conditlon 1:

Condition 2:

Condition 3:

Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Porosity (%)
3
15

-

- tos -

Source: DRNL-6241/V2 (in preparation) p., 218

Property class: Porosity
Material: Shales (b)
Formation:
Location:

Condition 1:
Condlition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:

~

Porosity (%)
15 1o 45

3 to 20

Dapth (m)

600 to: 3,000

Reference: Rieke (1974)
Source: ORNL~6241/V2 (in preparation) p, 219

Property class: Poroslty

Materfal: Shates (c)
Formation: =~
Location: -

Condition 1:

Condition 2:

Condltion 3:

Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Mississipplan and Devonlan

Poroslty (%)
0.4
7.2

- to: -

Source: Y/0W1/SUB-7009/1 (1976), p, 18

Property class: Porostty
Materlal: Shales (d)
formation: -
Location: -~

Condition 1:
Condition 2:
Condition 3:
Property/unlts:
ranges from:
to:

as:

ranges from:
Reference:

Represents many samples

Porostty (%)
0,0
44,8

~ to: -

Several refs

Source: Y/OWl /TM36/6, p. A-12

Property class:
Material:
Formation:
Location:
Condition 1:
Conditlion 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:

Poros ity

Shales (e)

Germany
Triasslc

Porosity (%)

25

ca, O

D;pfh (feat); Water content
%)

400; 1 to: 4,000; ca, O

Reference: Muller (1967)
Source: Y/OW!/SUB~7009/1 (1976), p, 15

Property class:

Specliflc gravity

Material: Bentonlte {(a)

Formation:
Location:
Condlition 1:
Condition 2:

Conditlion 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Avongel

Alr dry molsture content =
9.3%

Speclflic gravity
(dimensionless)
2,21

- to: -

Source: Proc NEA Workshop OECD (1981), p, 340
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Property class: Speciflic surface
Material: Bentonite (Na)
Formation: -

FProperty class: Speclfic gravity
Material: Bentonite (b)
Formation: -~

Location: Bilack Hills Location: -
Conditlon 1: Alr dry moisture content = Condlitlon 1: Specific gravity = 2,66
8,3% Condltlon 2: Organic content (dry) (%) =
Condition 2: - 2.5

Condition 3: -
Property/units: Specific gravity
(dimensionless)

Condition 3: -
Property/units: Specific surface (m(2)/q)
ranges from: 519

ranges from: 2,18 to: 615
to: - as: -
as: -~ rangas from: - to: -

ranges from: = to: -
Reference: -
Source: Proc NEA #Workshop OECD (1981), p, 340

Reference: -
Souice: AECL-7825 (1984), p, 12

Property class: Specific surface
Material: Bentonlite (Ma) and Sand
Formation: -
Locatlion: ~
Condition 1: 50% bentonite
Condition 2: Specific gravity = 2,635
Conditlon 3: Organic content (%) = 0,1
Property/units: Specific surface (m{2)/g)
ranges from: 284

Property class: Specific gravity
Material: Bentonite (Na)
Formation: -
Location: ¥Wyoming
Condition 1: MX-80
Condition 2: -
Condition 3: =~
Property/units: Speciflic gravity

(dimensionless) to: -
ranges from: 2,66 as: =~
to: -~ ranges from: - to: -
as: -~ Reference: -
ranges from: -~ to: - Source: AECL~7825 (1984), p. 12

Reference: -
Source: AECL~7825 (1984), p, 12 Property class: Speciflc surface
Material: Shale
Formation: Antrim Shale
Location: Michigan
Condition 1: Devonian
Condition 2: Typically 50-60% quartz,
20-35% i1lite
Condition 3: Values may be inaccurate
because of method used
Property/units: Specific surfacs (m(2)/g)
ranges from: 0,05

Property class: Specific gravity
Material: Bentonitse (Na) and Sand
Formetion: -
Location: Wyoming
Condition 1: MX~-80
Condition 2: 50% sand
Condition 3: -
Property/units: Specific gravity
(dimensionless)

ranges from: 2,635 to: 1,2
to: ~ as: -
as: - ranges from: - to: ~

ranges from: - to: -
Reference: -
Source: AECL-7825 (1284), p, 12

Reference: -~
Source: ORNL-5703 (1983), p, 109

Property class: Specific surface
Materlal: Smectite
Formation: -
Location: -~

Property class: Speclfic gravity
Materlial: Kaollnite
Formation: -
Location: = Condition 1:
Condition 1: Air dry molsture content = Condition 2: -
1.1% Condition 3: -

Condition 2: - Property/units: Speclific surface (m(2)/q)
Condition 3: - ranges from: 800
Property/units: Specific gravity to: -
(dimensloniess) as: -
ranges from: 2,60 iranges from: - to: -
to: - Reference: Two rafs
as: - Source: NUREG/CP~-0052 (1983), p, 182
ranges from: - to: -
Reference: -

Source: Proc NEA Workshop OECD (1981), p, 340



Property class:
Material: Clays
Formation:
Location:
Condltlon 1:
Condition 2:
Condition 3:
Property/unlts:
ranges from:
to:

BS:

ranges from:
to:
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Void ratio

1

Vold ratio (dimensionless)
ca, 1,5 to 3,0

ca, 0,5 to 0,6

Effective overburden pressure
(kg/cm(2))

0.1 (0,01 Wwa)

110 (10,8 MPa)

Reference: Skempton (1953)
Source: ONWI-312 (1981), p, 21

Property class:

Void ratio

Material: Kaollnite (Ca)

Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:

Water saturated,

Yold ratio (dimenslionless)
2.5

1.0

Pressure

100 psf (0,05 MWa) to:
100,000 psf (4.7 MPa)

Reference: Olson and Mesr! (1970)
Source: ONWI~486 (1983), p, 38

Property class:
Material:
Formation:
Locatlion:
Condition 1:
Condition 2:
Condition 3:
Property/unlts:
ranges from:
to:

as:

ranges from:

Refarence: Olson and Mesr!

Void ratio

Kaclinlte (Na)

Water saturated,

Vold ratic (dimenslontess)

2.5

1.0

Pressure

100 psf (0,05 MwPa) to:

100,000 psft (4,7 WPa)
(1970)

Source: OMWi~-486 (1983), p, 38

Property class:
Matorial:
Formation:
Location:
Condition 1V:
Conditlon 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:

Reference: Olson and Mesrl

Void ratlo

Smectite (Ca)

Water saturated.

Vold ratlo (dimensionless)

7.0

1.0

Pressure

100 psf (0,05 Wa) to:

100,000 psf (4.7 MPa)
(1370)

Source: ONWE-486 (1983), p, 38

Property class: Veold ratio
Material: Smectite (Na)
Formation: -
Location: -
Condition 1: Water saturated,
Condlition 2: -~
Condition 3: -
Property/units: Void ratio (dimensloniess)
ranges from: 30,0
to: 1,0
as: Pressure
ranges from: 100 psf (0,05 MPa) to:
100,000 psf (4,7 MWPa)
Reference: Olson and Mesrl] (1970)
Source: ONWI-486 (1983), p, 38
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13.1.3 Appendix A.3. HYDROLOGIC PROPERTIES






Property class:
Material: Clay
Formation:
Locatlon:
Condition 1:
Condlition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:
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Hydraulic conductivity

Blue Clay
Italy

Hydraullc conductivity (m/s)
10(-11) (1 x 10(-9) om/s)

to:

Reference: Two refs
Source: Rad Waste Management and Nuclear Fuel
Cycls v, 6 (1985), p, 54

Property class:
Materifal: Clay
Formation:
Location:
Condltion 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:

Hydraullc conductivity

Boom C iay
Belgium

Hydraullc conductivity (m/s)

10(~10) (1 x 10(-8) cm/s)
10{-12) (1 x 10(~10) om/s)
to:

Referaence: Two refs
Source: Rad Waste Management and Nuclear Fuel
Cycle v, 6 (1985), p, 54

Property class:
Materiai: Clay
Formation:
Locatlion:
Condition 1;
Condltion 2:
Condition 3:
Property/unlts:
ranges from:
tos

as:

ranges from:

Hydraullc conductivity

Oxford Clay
England

HEdraullc conductivity (m/s)
10¢(-12) (1 x 10(~10) cm/s)

to:

Reference: Two refs
Source: Rad Waste Management and Nucl!ear Fue!
Cycle v, 6 (1985), p, 54

Property class:
Materlal: Clay
Formation:
Location:
Condition 1:
Condition 2:
Conditlion 3:
Property/units:
ranges from:
to:
as:
ranges from:
Reference:

Hydraullc conductivity
Panther Creek Clay

Confinling force <100 Ibs
Reference basalt ground water

Hydraullc conductivity (cm/s)
7 x 10(~12)

2 x 10¢(-12)

Denslty {g/cm(3))

ca, 1,7 to: ca, 2,1

Source: PNL-4452 UC-70 (1983), p. 14

Property class:
Material: Clay
Formation:
Location:
Condition 1:

Condition 2:

Condition 3:

Property/unlts:

ranges from:

tos

as:

ranges from:
Referance:

Hydraulic conductivity

Porters Creek Clay
Loulslana

Smectite dominant; plus
tilite, kaolinite and
chiorite

5-50% quartz

Hydraulic conductivity {cm/s)
10(-8) (est)

to:

Source: ORNL/Sub/84~64794/1 (1985), p, 175

Property class:
Material: Clays
Formation:
Location:
Condlition 1:
Condition 2:
Condifion 3:
Property/units:
ranges from:

to:

as:
ranges from:

Reference: Dickey
Source: Proc NEA Workshop OECD (1979b),

Property class:
Materlal: Shale
Formation:
Locetion:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:
to:
as:

ranges from:
Reference:

Hydraullc conductivity
and Shales

Permeabliity {md)

8 x 10{~4) (7,7 » 10{~1Q)
cm/s)

2 x 10(~-6) (1,9 x 10(-12)
cm/s)

to:

1972)

p. 69
Hydraullc conductivity
ADOPTED BASE VALUE
Hydraullc conductivity
(horizontai) (m/s)
1 x 10(~-10) (1 x 10(~-8)
cn/s)
1 x 10(~12) (1 x 10(~10;
cm/s)
to:

Source: ORNL-6241/V1 (in preparation) p, 33

Property class:
Materlal: Shale
formation:
Location:
Condition 1:
Conditlon 2:
Condition 3:
Property/units:

ranges from:
to:
as:

ranges from:
Reference:

Hydraullc conductivity

ADOPTED BASE VALUE

Hydraulic conductivity
(vertical) (m/s)

¥ x 10(~-11) (t x 10(~9)
cm/s)

1 x 10(-13)
cm/s)

(1 x 10¢~-11)

to:

Source: ORNL-6241/V1 (in preparation) p, 33
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Property class: Hydraullc conductivity
Material: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units: Hydraulic conductivity
(vertical) (m/s)
1 x 10(~-12) (1 x 10(~10)
cm/s)

ranges from:

to:
as:
rangss from: to:
Reference: Loken, M, (persona! communication)
(1984)
Source: ORNL-6241/V2 (in preparation) p. 99

Property class: Hydrau!lc conductivity
Materlal: Shals
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

Intact
Range of properties

Permeablilty (vertical)
(factor of K horizontal)
1/2Kh

1/10Kh

ranges from:
tos
as:
ranges from: to:
Reference:
Source: Y/OW|/TM36/6 (1978), p., 2-2

Property class: Hydraullc conductivity
Materiatl: Shale
Formation:
Location:
Conditlon 1:
Condition 2:
Condition 3:
Property/units:

Callfornia
Miocene

Permeabl ity (md)

ranges from: 4 x 10(-4) (3.8 x 10(~10)
cm/s)
to:
as:
ranges from: to:

Reference:
Source: Y/OW1/SUB-7009/1 (1976}, p, 11

Property class: Hydraullc conductivity
Materlal: Shale
Formation:
Location:
Condition 1:
Conditlon 2:
Condition 3:
Property/units:

Gulf Coast
Cenozolc

Permeablllty (md)

ranges from: 1 x 10(-8) (3.6 x 10(~15)
cm/s) (?)
to: 2.5 x 10(~-9) (2,4 x 10(=15)
cm/s) (?)
as:
ranges from: fo:

Reference:
Source: Y/OW1/SUB~7009/1 (1976), p. 11

Property class:
Matarlal:
Formation:
Location:
Condition 1:
Condlitlon 2:
Condition 3:
Property/units:

ranges from:
to:

as:
ranges from:

Shale

Hydraul ic conductivity

Maryland

Triassic
Mewark-Cettysburg Basin
Field test

Hydraulic conductivity
thorizontal) (m/s)

D,0(?) (0.0 cm/s) (7}
1 x 10(-9) (1 x 10(~7)
cm/s)

to:

Refersnce: Gonzales (1984)
Source: ORNL~6241/V2 (in preparation) p. 43

Property class:
Material: Shale
Formation:
Location:
Condition 1:
Condlition 2:
Condition 3:
Property/units:

ranges from;
to:

as:
ranges from:

Hydrauilc conductivity

Michigan

Devonlian

Core data

Kyv<<Kh

Hydraullc conductivity
(horizontal) (m/s)

1 X 10(-11) (1 x 10(-9)
cm/s)

2 x 10(~8) (2 x 10(~5)
cm/s)

to:

Reference: Gonzales (1984)
Source: ORNL~6241/V2 (In preparation) p, 42

Property class:
Material: Shale
Formation:
Location:
Condlition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:

to:
as:

Hydraullc conductivity

Pennsylvanla
Devontan
Core data

Hydraullc conductivity
(horizontal) (m/s)

3 x 10(-11) (3 x 10(-9)
cm/s)

ranges from: to:
Refsrence: U, S, DOE (1981)
Source: ORNL-6241/v2 (in preparation) p, 42

Property class:
Material: Shale
Formation:
Location:
Condition 1:
Conditilon 2:
Condition 3:
Property/unlits:

Hydraullc conductivity

Pennsylvanla
Devonlan
Field test

Hydraulic conductivity
(horizontal) (m/s)

1 x 10(~11) (1 x 10(-9)
cm/s)

ranges from:

to:
as:
rangss from: to:
Reference: U,S, DCE (1981)
Source: ORMNL~S8241/V2 (In praparation) p, 43



Property class:
Materlal: Shale
Formation:
Location:
Condition 1:
Condition 23
Condition 3:
Property/units:

ranges from:
to:
as:

ranges from:
Reference:

Hydraullc conductivity

South Carolina

Triassle

Dumbarton Basin

Core data

Hydraullc conductivity
{horizontal) (m/s)

1 x 10(~13) (1 x 10¢(-~11)
cm/s)

t x 10(-10)
cm/s)

(1 x 10(-8)

to:

Gonzales (1984)
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Source: ORNL-6241/V2 (in preparation) p, 42

Property class:
Material: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condltion 3:
Property/units:

ranges from:
to:

as:
ranges from:

Hydraullc conductivity

South Carollina

Triasslc

Dumbarton Basin

Fleid test

Hydraullc conductivity
thorizontal) (m/s)

1 x 10(=-12) (1 x 10(~10)
cm/s)

to:

Reference: Gonzales (1984)
Source: ORNL~6241/V2 (in preparation) p, 43

Property class:
Material: Shale
Formation:
Location:
Condition 1:
Condition 2:

Condition 3:

Property/units:

ranges from:

to:

as:

ranges from:
Reference:

Hydraulic conductivity

Antrim Shale

Michlgan

Devonlian

Horlzontal permeablilty
higher than vertlcal

Permeablilty (md)

0,001 (1 x 10(~9) cm/s)
2,0 (1,9 x 10(-6) cm/s)
to:

Source: ORNL~5703 (1983), p, 109

Property class:
Material: Shale
Formation:
Location:
Condition 1:
Condition 2:

Condition 3:

Hydraullc conductivity

Antrim Shale

Michigan

50¢ quartz

20~-35% illite and 5-15%
kaollinite

Bulk density = 2,2-2.,8
g/cm(3)

Property/units: Permeabl!ity (md)
ranges from: 0,001 (1 x 10(~9) cm/s)
to: 2,0 (1,9 x 10(-6) cm/s)
as:
ranges from: to:
Reference: Young (1978)

Source: ORNL/Sub/84-64794/1 (1985), p, 98

Property class:
Material: Shale
Formation:
Location:
Condltion 1:
Condition 2:
Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference:

Hydraullc conductivity

Arnhelm and Waynesvllie Fms
Ohlo

Ordoviclan

Intact

Permeabli! ity (ft/yr)

(hydraullc conductivity)
10(-3)
10(-4)

to:

Source: Y/OW1/TM356/6 (1978), p, 5~14

Property class:
Materlal!: Shale
Formation:
Location:
Condition 1:
Condltion 2:
Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference:

Hydraulic conductivity

Chagrin Shale
Ohlo

Devonlan
Intact

Permeabl 11ty (horlizontal)
(ft/yr) (hydraulic conduc—
tivity)

0,1 (9.7 x 10(~8) cm/s)

to:

Source: Y/OW1/TM36/6 (1978), p. 4-12

Property class:
Material: Shale
Formation:
Location:
Condltion 1:
Condltion 2:
Conditlion 3:
Property/unlts:

ranges from:

to:

as:

ranges from:
Reference:

Hydraulic conductivity

Chagrin Shale
Ohio
Devonlan
intact

Permeabllity (vertical)
(ft/yr) (hydraulic conduc-
tivity)

0.05 (5 x 10(~8) cmss)

to:

Source: Y/OW!/TM36/6 (1978), p, 4~12

Property class:
Material: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:

Hydraulic conductivity
Conasauga Shale
Tennessee
Cambrlan

Hydraulic conductivity (cm/s)
6 x 10(-10)
3 x 10(-11)
Depth {m)

50 to: 850

Reference: Delaguna (1968)
Source: ORNL-6241/¥2 (in preparation) p, 220

(9.7 x 10(-10) em/s)
(9.7 x 10¢(-11) cm/s)



Property class:
Materlal: Shale
Formatlon:
Locatlon:
Condltton 1:
Cond!tion 2:
Condlttion 3:
Property/un!ts:

ranges from:
to:

as:
rangas from:
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Hydraullc conductivlty

Conasauga Shale
Tennessoe
Cambrtan

Core data

Hydraullec conductivity
(horlzontal) (m/s)

3 x 10¢-13) (3 x 10(=11)
cm/is)

2 x 10(-12) (Z2 x 10(-10)
cm/s)

to:

Reference: Delaguna (1968)
Source: ORNL-6241/V2 (!n preparation) p. 42

Property class:
Materlal: Shaie
Formatlion:
Locatlion:
Condltlon 1:
Condttlon 2:

Hydraullc conductlvlty

Maquoketa Shale
I1iTnols
Ordoviclan
Fleld test

Cond!tion 3:
Property/unlts: Hydraullc conductivity
(hortzontal) (m/s)

2 x 10(=11) (2 x 10¢(-9
cm/s)

to:

as:

ranges from: tos
Reference: Gonzales (1984)

Source: ORNL-6241/¥Z (in pieparatlon) p, 42

ranges from:

Property class: Hydraullc conductlivity
Materlal: Shale
Formation: Maqucketa Shala
Locatlion: llllnols Basln
Condltion 1: Ordoviclan
Condltton 2:

Cond!tlon 3:
Property/unlts: Hydraullc
ranges from: 10(~-9)
to:
as:

ranges from: to:
Reference: Gonzales and Johnson (1984)
Source: ORNL-6241/V2 (In preparatlion) p, 220

conductivity (cm/s)

Property class: Hydraullc conductivity
Materlatl: Shale
Formatlon: Muddy Shale (a)
LocatTon:
Cond!tlon 1: Cretaceous
Cond!ltlon 2:
Cond!tfon 3:
Property/unlts: Permeabliltty (md)
ranges from: 5 x 10(~-2) (4,8 x 10(-8)
cm/s)
to:
as:
rangss from: to:
Reference: Two rsfs
Source: Y/OM1/SUB~7009/1 (1976), p. 11

Property class:
Materlal: Shale
Formatlon:
Locatlon:
Condltlon 1:
Condition 2:
Cond!tion 3:
Property/unlts:
ranges from:
to:

as:

ranges from:

Hydraullc conductlivity
Muddy Shale (b)

Colorado
Depth: 4,900 f+

Parmeab! Tty (md)
<0,05

to:

Reference: Handln et al (1963)
Source: Y/041/SUB-700%/1 (1976), p. 14

Property class:
Matarlal: Shale
Formatlon:
Locatton:
Cond!tton 1:
Condttlon 2:
Condltlon 3:
Property/unlts:

ranges from:

to:

as:

ranges from:
Reference:

Hydraullc conductlvlty
Plerre Shale

I ntact

Parmeabt Itty (horlzontal)
(ft/yr) (hydraullc conduc-
Tivity)

0,01 (9.7 x 10(~9) cm/s)

to:

Source: Y/OW1/TM36/6 (1978), p. 3-24

Property class:
Materlal: Shale
Formation:
Locatlon:
Condltion 1:
Condl!tion 2:
Condltlon 3:
Property/unlts:

ranges from:

to:

as:

rangas from:
Reference:

Hydraullc conductlvity
Plerre Shale

I ntact

Permeabl 1ty (vertical}
(ft/yr) (hydraullc conduc~
tivity)

0,005 (5 x 10(~-9) cm/s)

to:

Source: Y/CW1/TM36/6 (1978), p. 3-24

Property class:
Materlal: Shale
Formatton:
Locatlon:
Condltton 1:
Cond!tion 2:
Condltlon 3:
Property/unlts:

ranges from:
to:

as:
ranges from:

Hydraullc conduct!lvlty

Plerre Shale
South Dakota
Fleld test

Hydraullc conduct!vlty
(horlzental) (m/s)

1 x 10(~12) (1 x 10(-10)
cm/s)

t x 10(~11) (1 x 10(-9)
cmis)

to:

Reference: Brace (1980}
Sourrces ORNL-6241/V¥2 (1n preparation) p, 43

(<4.8 x 10(-8) cm/s)
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Property class: Hydraullc conductivity
Materlal: Shale (a)
Formation:
Location:
Conditlion 1:
Condition 2:
Condlition 3:
Property/units: Hydraulic conductivity
thortizontal) (m/s)
1 x 10(-11) (1 x 10(-9
cm/s}

ranges from:

to:
as:
ranges from: fo:
Refarence: Loken, M, (personal communlication)
(1984)
Source: ORNL-6241/V2 (in preparation) p, 99

Property class: Hydraullc conductivity
Materlal: Shale (a)
Formation:
Location:
Condition 1:
Condltion 2:
Condition 3:
Property/unlts:

“Typlcal® {tiltic shale
I ntact

Permeabl ity (ft/yr)
(hydrauffc conductivity)

ranges from: 0,1 (9.7 x 10(-8) cm/s)
to: 0,05 (4,8 x 10(-8) cm/s)
as:

rangses from: fto:

Refereance:
Source: Y/OWi/TM36/6 (1978), p, 7-8

Property class: Hydraullc conductivity
Matertal: Shals (a)
Formatlon: Plerre Shale
Locatlon:

Conditlon 1: Cretaceous

Condition 2:

Condition 3:
Property/unlts:

ranges from:

Permeabl 11y (md)
1.1 x 10(~4) (1.1 x 10(-1Q)
cm/s?
to:
as:
ranges from: to:
Raference: Two refs
Source: Y/OWI/SUB~7009/1 (1976}, p. 11

Property class: Hydraullc conductivity
Matertal: Shale (b)
Formation:
Locatlon:
Conditlon 1:
Condition 2:
Condlitlon 3:
Property/units:

Core data

Hydraultc conductivity
(horlzontal) (m/s)

1 x 10(~16) (1 x 10(~14)
cn/s)

1 x 10(-11)
cm/s)

ranges from:

to: (1 x 10(~-9)
as:
ranges from: to:
Reference: Brace (1980)
Source: ORNL~6241/V2 (in prsparation) p., 42

Property class:
Material: Shale
formation:
Locatlon:
Conditlon 1:
Condition 2:
Condition 3:
Property/units:
ranges from:

to: 0,01

as:
ranges from:
Reference:

Hydrautlic conductivity
)

Permeabi |1ty (mlcrodarcles)
100 (1 x 10(~-7) cm/s)

(1 x 10(-9) cm/s)
Depth (m)

0 to: 6,000

Several! refs

Source: ORNL~-6241/VZ (In preparation) p. 199

Property class:
Material: Shale
Formation:
tocation:
Conditlon 1:

Condlition 2:

Condition 3:
Property/unltts:

ranges from:
to:

ass

ranges from:
Reference: Abel

Hydraullc conductivlty
(b

Plerre Shale

Great Plalns
Mixed-layer tllite—smectite
dominant

Plus smectite, tllite,
kaollnlte and chiorite
Up to 25% quartz
Parmeabl lity (cm/s)
(hydraullc conductivity)
1 x 10(~6)

1 x 10(-10)

to:
and Gentry (1975)

Source: ORNL/S5ub/84-64794/1 (1985), p. 293

Property class:
Materlal: Shale
Formation:
Location:
Condition 1:
Condlition 2:
Condltion 3:
Property/untts:

ranges from:
to:

as:
ranges from:

Hydraullc conductivity
{c)

Core data

Hydrau!lc conductlvlty
(hortzontai) (m/s)

T x 10(~11) (1 x 10(-9)
cm/s)

7 x 10(-9) (7 x 10¢(~-7)
cm/s)

to:

Refeorence: Pandey (1974)
Source: ORNL-6241/V2 (in preparation) p. 42

Property class:
Matertal: Shale
Formatlon:
Location:
Condlition 1:
Condltion 2:

Condltion 3:
Property/unlts:

ranges from:
to:

as?
ranges from:

Hydraullec conductlivity
(d)

Generlc properties
Note: K(vertical) = 1/2 to
1710 K(hortzontal)

Hydraullc conductivity
(horizontal) (m/s)

1 x 10(-11) (1 x 10(=9)
cm/s)

1 x 10(~6) (1 x 10{~4)
cm/s)

to:

Reference: D'Appolonla (1980)
Source: ORNL-6241/V2 (In preparation) p. 43



Property class:
Materlal:
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:
to:
as:

ranges from:
Reference:
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Hydraullc conductivity

Shale (e)

I ntact
Range of propertles

Permeabl |1ty (horizontal)
(¢+/yr) (hydraullc conduc-
tivity)

1 x 10(~4)
cm/s)

1 x 10(3)
cm/s)

(9,7 x 10(-11)

(9.7 x 10(-4}

to:

Source: Y/OWl/TM36/6 (1978), p, 2-2

Property class:
Material:
Formatlion:
Location:
Condition 1:
Condition 2:
Condlition 3:
Property/unlts:
ranges from:

to:
as:

ranges from:
Referenca:

Hydrau!lc conductivity

Shales

Paleozolc

Permaabillity (md)

8 x 10(-4) (7.7 x 10¢-10)
cm/s)

2 x 10(~6) (1,2 x 10(~12)
cm/s)

to:

Source: Y/OW!/5UB-7009/1 (19763, p, I

Property class:
Material:
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:
Referencs:

Hydraulic conductivity

Shales

tast Coast
Triassic basins

Hydraulic conductivity (cm/s)
10(-7)
10(~11)

to:

Gonzales and Johnson (1984)

Source: ORNL-6241/V2 (in preparation} p, 220

Property class:

Hydraullc conductivity

Materiatl: Shales
Formation:
Location: Illinols
Condition 1: Paleozolc

Condition 2:
Condition 3:
Property/units:
ranges from:;

to:
ass:
ranges from:

(md)
(1.9 x 10(-12)

Permeablilty
2 x 10(-6)
cm/s)

to:

Reference: Two refs
Source: Y/OW!/SUB~7009/1 (1976), p, 11

Propeirty class: Hydraullc conductivity

Material:
Formation:
Location:

Conditton 1:

Condition 2:
Conditlon 3:
Properiy/units:
ranges from:

to:

as:

ranges from:

Refarence: Gonzales and Jcohnson

Shales

Michigan and Appatlachian
Basins
Devonlan

Hydraullc conductivity (cm/s)
10(~6)
10(-9)

to:
(1984}

Source: ORNL~5241/V2 (in preparation) p, 220

Froperty class:
Materlal:
Formation:
Location:
Condition 1:
Condition 2;
Conditlon 3:
Property/units:
ranges from:

to:

as:

ranges firom:
Reference:

Hydraullc conductivity

Shates

Montana
Paleazolc

Permeabl ity (md)
6 x 10(-4) (5.8 x 10(~10)
cm/s)

to:

Two refs

Source: Y/OWi/SUB-7009/1 (1976), p, 11

Property class:

Hydraultc conductivity

Material: Shales

Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:

to:

as:

ranges from:
Reference:

New Mexico
Paleozolc

Parmeabl Ity (md)
2 x 10(~6) (1.9 x 10(~12)
cm/s)

fo:

Two refs

Source: Y/OWi/SUB-7009/1 (1976), p. 11

Property class:
Material:
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:

to:
as:
ranges from:

Shales

Hydraulic conductivity

Ok lahoma
Paleoczolc

Permeabl Ity (md)

8 x 10(~4)
cm/s)

(7.7 x 10(-10)

to:

Reference: Two refs
Source: Y/CW!/SUBR-7009/1 (1976), p, 11
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Property class: Hydraullc conductivity

Material: Shales
Formatlon:
Location:
Conditton 1:
Condttion 2:
Condltlon 3:
Property/units:

Texas
Paleozolc

Permeabl ity (md)

ranges from: 3 x 10(-4) (2,9 x 10(-10)
cm/s)
to: 7 x 10(-6) (6.7 x 10(-12)
cm/s)
as:

ranges from: to:
Reference: Two refs
Source: Y/OW1/SUB-7009/1 (1976), p, 11

Property class: Hydraullc conductivity

Materlal: Shales
Formatlion:
Locatlion:
Condltlon 1:
Condltion 2:
Condition 3:
Property/unlts:
ranges from:

Utah
Paleozolc

Permeablilty (md)
7 x 10(-6) (6,7 x 10(~12)
cm/s)
to:
as:
ranges from: to:
Reference: Two rafs
Source: Y/OwW!/SUB-7009/%1 (1976), p. 11

Property class: Hydraulle conductivlty

Materlal: Shales
Formatlon: Plerre, Bearpaw and Claggett
Shales
Locatlon: Northern Great Plalns
Condltion 1: Cretaceocus

Condltion 2:
Condltion 3:
Property/unlts:
ranges from:
to:
as:
ranges from: to:
Reference: Abel and Gentry (1975)
Source: ORNL-6241/V2 (In preparation) p, 220

Hydrautlc conductivity (cm/s)
10(-6)
10¢-10)

Property class: Hydraullc conductivity
Materlal: Shales (c)
Formation:
Location:
Condttion 1:
Condltlion 2:
Condltion 3:
Property/units:
ranges from:
to:
as:
ranges from: to:
Re ferance:
Source: ORNL-6241/V2 (In preparation) p, 218

Hydrauffc conductivity (cm/s)
10(-8)
10(-11)

Property class:
Materlal:
Formation:
Locatlon:
Conditlon 1:
Condttlon 2:
Condltion 3:
Property/untts:
ranges from:
to:

as:

ranges from:

Hydraullc conductivity

Shales (d)

In sttu

Hydraullec conductivity (cm/s)
10(-9)
10(~11)

to:

Reference: Brace (1980)
Source: ORNL-6241/V2 (ln preparatlon) p, 219

Property class:

Hydraullc conductivlty

Materlal: Shales (e)

Formation:
Locatlon:
Condltion 1:
Condltlon 2:
Condl tion 3:
Property/untts:
ranges from:
to:

as:
ranges from:
Reference:

Permeabl ity (m(2})

10(~17) (9.7 x 10(~9) cm/s)
10¢-21) (9.7 x 10(~13)
cm/s)

Depth (m)

0 to: 6,000

Several refs

Source: ORNL-6241/V2 (In preparation) p, 199

Property class:

Hydraullc conductivlty

Materlal: Shales (f)
Formatlon:
Locatlon: Vartous

Condltlon 1:
Condltlon 2:
Condltlon 3:
Property/un!lts:
rangss from:

to:

as:
ranges from:

Varlous formations, depths,
etc.
Represents many tests

Permeabl Ilty (#t/yr)
(hydraullc conductivity)

1,0 x 10(~-4) (9.7 x 10(=11)
cm/s)

1.1 x 10(3)
cn/s)

(1.1 x 10(~-4)

to:

Refersnce: Three refs
Source: Y/OW!/TM36/6 (1978}, p. A-16

Property class:

Hydraullc conductlivity

Materlal: Slltstone/Mudstone

Formation:
Locat!lon:
Condition 1:
Condltlon 2:
Condltilon 3:
Property/unlts:

ranges from:
to:
as:

ranges from:
Refarence:

South Carollna
Trlasslic
Fleld test

Hydraullc conductivity
thorlzontal) (m/s)

1 x 10(-13) (1 x 10(~11)
em/s)

5 x 10(-10)
cm/s)

(5 x 10(-8)

to:

Brace (1980)

Source: ORNL-6241/¥2 (ln preparatlon) p, 43



Property class:

Matertlal:

Property/units:
ranges from:

to:

as:

ranges from:
Reference:

Source: OMdi1-312 (1981},

Property class:

Materlial:

ranges from:

to:
as:
ranges from:
Jacobsson and Pusch (1977)

Reference:

126

Hydrauilc conductivity
(minerals)

Bentonlte (Ca)
Formattion:
Location:
Condition 1:
Condition 2:
Condition 3:

Density 2.09 and 2,11 g/cm(3)
iead 20,7 and 15,4 Wa
Hydraulic gradlient 2,13 x
10¢(5) and 1,59 x 10(5)
Hydraulic conductivity (em/s)
1.3 x 10(-12) and 1,6 x
10(-12)

to:
pe 35

Hydraulic conductivity
(minerals)

Bentonite (Ca)
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/unlts:

80-20% quartz powder
Water content 5-15%
Fietd compacted

Permeabl ity (m/s) (hydraulic
conductivity)

1 x 10(-9) (1 x 10(=7)
cm/s)

to:

Source: KBS TEKNISK RAPPORT 9 (1977), p, 4

Property class:

Hydraullc conductivity
(minerals)

Materlal: Bentonlte (Ca) and (Na)

Formation:
Location:
Condition 1:

Condition 2:
Condition 3:

Property/units:

Density (dry) (bulk)
(g/cm(3)) =
Load (Ma) = 0,1

Parmeabl ity (m(2))

rangas from: 1 x 10(-16) (9.7 x 10(~-8)
cm/s)
to:
as:
ranges from: to:
Reference: Grim (1962)

Source: NUREG/CP~-0052 (1983), p, 209

Property class:

Material:
Formation:
Location:
Condition 1:
Condittion 2:
Condlition 3:
Property/units:
ranges from:
toz
as:
ranges from:
Reference:

Hydraullc conductivity
(minerals)

Bentonlte (Na)

75% sand
Density (initlal) 2,1 g/cm(3)

Hydraullic conductivity {cm/s)
2.7 x 10(-9)

0,7 x 10(~9)

Tims (hrs)

10 to: 200

Source: ONd!-312 (1981), p., 34

Property class: Hydraullc conductivity

Material:

Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:

Refeience:

Several

(minerails)

Bentonite (Na}
Formation:
Location:
Condition 1V:
Condition 2:

Wyoming

MX~80

Compacted at 50 MPa; density
= 2,0-2.3 +/m(3)

108 water by welght
rydraullc conductivity (cm/3)
Not statad

10(-9)

Density (+/m(3))

2,0 =~ 2.3 to: 1,0

refs

Source: ONWI-486 (1983), p, 61

Property class: Hydraullic conductlivity

Material:

ranges from:
to:

as:

rangss from:

(minarals)

Bentonite (Na) (a)
Formatlon:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

Three tests

Hydraulic conductivity (cm/s
x 10¢12))

<1 (<1 x 10(=12) cm/s)
ca, B (ca, 8 x 10(-12)
cm/s)

Hydraullc pressure gradlent
(psi/ft x 10(-8))
1.5 to: 7

Reference: Kharaka and Smalley (1976)
Source: ONWi-312 (1981), p, 11

Property class:

Matarial:

Bentonlite
Formation:
Location:
Condifion 1:
Condition 2:
Condltion 3:
Property/units:
ranges from:
to:

as:

ranges from:

Hydraullc conductivity
(mlnarats)
{Na) (b)

Highly compacted

Hydraullic conductivlty (cm/s)
ca. 1 x 10(~13)

to:

Refersnce: Kharaka and Smalley (1976)
Source: OMW!~312 (1981), p. 10

Property class:

Material:

Condition 2:
Condition 3:

Property/units:
ranges from:

to:
as:

ranges from:
Rsference:

Hydraullc conductivity
(minerals)

Bentonite (Nai ()
Formation:
Location:
Condition 1:

50% sand; density 2,12 and
2,09 g/cm(3)

Head 15,5 and 16,7 MPa
Hydraullc gradient 1,62 x
10(5) and 1,73 x 10(5)
Hydraulic conductivity (cm/s)
4,6 x 10(~-12) and 6.4 x
10(-12)

to:

Source: ONW!~312 (1981), p. 33



Property class:
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Hydraul ic conductivity
(minerals)

Material: Bentonite (Na) (d)

Formation:
Location:
Condition 1:

Condlition 2:
Condition 3:

Property/units:

rangss from:

to:

as:

ranges from:
Reference:

75% sand; density 2,10
g/cm(3)

Heoad 3,4 MPa

Hydraulic gradient 1,19 x
10(4)

Hydraulic conductivity (em/s)
6,6 x 10(-10)

to:

Source: ONWI-312 (1981), p, 33

Property class:

Material:
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:

Property/units:

ranges from:

to:

as:

ranges from:
Reference:

Hydraullc conductivity
(minerals)

Bentonite (Na) (e)

Density 2,13 g/em(3)

Head 14,6 MPa

Hydraulfc gradient 1,56 x
10(5)

Hydraullc conductivity (cm/s)
5,6 x 10¢(-13)

to:

Source; ONWI-312 (1981}, p, 33

Property class:

Materlial:
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:
as:
ranges from:
Referance:

Hydraullc conductivity
(minerals)

Bentonite (Na) (f)

CS~50

Confining force <100 Ibs
Reference basalt ground water
Hydraullc conductivjty (cm/s)
6 x 10(-12)

6 x 10(-13)

Density (g/cm{(3))

ca, 1.7 to: ca. 2,2

Source: PNL-4452 UC-70 (1983), p, 13

Property class:

Hydraulic conductivity
(minerals)

Material: Bentonlte (Na) (g)

Formation:
Location:
Condltlon 1:
Condition 2:

Condition 3:

Property/units:

ranges from:

to:

as:

ranges from:
Reference:

Varlous radiatlion treatments
Various heat treatments (to
300 deg C)

Denslity (g/cm(3)) from
2,07-2,22

Hydraulic conductivity (cm/s)
1,2 x 10(~12)

8.3 x 1W0(~13)

tTo:

Source: PNL-4452 UC-70 (1983), p, 27

Property class:

Material:
Formation:
Location:
Condltion 1:
Condlition 2:
Condition 3:
Property/unlts:

ranges from:
to:
as:
ranges from:

Hydraullc conductivlty
(minerats)

Bentonifte {(Na) (h)

Pius quartz
Hydraullc gradient ca, 100

Parmeablility (cm/s)
(hydraullc conductivity)
1 x 10(-11)

Bentonite content (%)
20 to:

Reference: Pusch (1979)
Source: ONWi~312 (1981), p. 10

Property class:

Material:
Formation:
Locatlon:
Condition 1:
Condition 2:
Condltion 3:
Property/units:

iranges from:
to:
as:
ranges from:

Hydraullc conductivity
(minerals)

Bentonlte (Nal} (i)

Plus quartz

Hydraulic gradlent ca, 100
Permeablility (cm/s)
(hydraulic conductivity)

3 x 10(-8)

1.5 x 10(~-9)

Bantonite content (F)

4 to: 8

Re ference: Pusch (1979}
Source: ONW!-3i2 (1981), p, 10

Property class:

Hydraulle conductivity
(minerals)

Materlal: Bentonlite (Na) (J)

Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:
to:
as:

ranges from:
Refearence:

MX-80

Permeabllity (m/s) (hydraullc
conductivity)

5 x 10{~15) (5 x 10(~-13)
cm/s)
1 x 10(=11) (t x 10{(-9)
cm/s)

Denstty (+/m(3))

ca, 2.5 to: ca. 1,2

Soutrce: KBS TEKNISK RAPPORT 74 (1978), p. 8

Property class:

Materlal:
Formation:
Locatlion:
Conditlion 1:
Condition 2:
Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference:

Hydraullc conductivity
{minerals)

Bentonlite (Na) (k)

67% quartz powder

Permeabl tity (m/s) (hydraullc
conductivity)
ca, 1 x 10{~11)
10(~9) cm/s)

(ca, 1 x

to:

Jacobsson and Pusch (1977)

Source: KBS TEKNISK RAPPORT 9 (1977), p. 4



Property class:

Material:

Condition 3:
Property/units:

rangss from:

to:

as:

ranges from:
Reference:
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Hydraullc conductivity
(mlnerals)

Bentonite (Na) (i)
Formation:
Location:
Condition 1:
Condition 2:

80-30% quartz powder

Water content 5~15%

Field compacted

Permeabitity (m/s) (hydraullc
conductivity)
ca, 3 x 10(-11)
10(~9) cm/s)

(ca, 3 x

to:

Jacobsson and Pusch (1977)

Source: KBS TEKNISK RAPPORT 9 (1977), p, 4

Property class:

Material:
Formation:
l.ocatlon:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:

to:
as:
ranges from:
Re ference:

Hydraullc conductivity
(minerals)

Bentonlite (Na) (m)

Bentonite >10%
Bulk density >1,6 +/m(3)

Permeabliiity (m/s) (hydraulic
conductivity)

1 x 10(~10) (1 x 10(-8)
cm/z) (maximum)

to:

Source: KBS TEKNISK RAPFPORT 9 (1977), p. 5

Property class:

Material:
Forma+tion:
Location:
Condition 1:
Conditlon 2:
Conditlon 3:

Hydraullc conductivity
(mineralis)

Bentonite (Na) and (Ca)

Varlous
Sand/slitt/gravel mixtures
Density = 1,8 1o 2,2 g/cm(3)

Property class:

Material:
Formation:
Location:
Condition 1:

Condition 2:
Condition 3:
Property/units:
ranges from:
To:

as:

ranges from:
Re ference:

Hydraullic conductivity
(minerals)

Bentonite and Sand

Various mixtures of bentonite
and sand

Inttial density (dry) = 2.1
Mg /m(3)

Hydraullic conductlivity (m/s)

ca, 10(~6) (ca, 1 x 10(~4)
cm/s)
ca, 10(-14) (ca, 1 x

10(-12) cm/s)
Psrcent bentonits (%)
ca, 5 to: 100

Source: AECL-7812 (1983), p, 29

Property class:

Material:
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:
to:
as:

Hydraulic conductivity
(mlnerats)

Bentonlite and Sand (a)

Oregon

10§ bentonits
Saturation time (days) = 37

Hydraullc gradient = 4
Parmeabitity (cm/s)

(hydraulic conductivity)
9.5 x 10(~8)

ranges from: to:

Reference: Taylor et al

(1980)

Source: RHO-BWI-SA~-80 (1981), p, 7

Property class: Hydraullc conductivity

Materlal:
Formation:

(minerals)

Bentonlite and Sand (b)

Locatlon: Oregon

Condition 1:
Condifion 2:

Condition 3:

Saturation time (days) =

50% bentonite
62
(sti)1 saturating)

Property/units: Hydraullc conductivity (em/s)
ranges from: 10(-4)
to: 10(-~12)
as: % Bentonite
ranges from: <10 to: 100
Refarence: Several refs

Source: ONW!-486 (1983), p, 36

Property class: Hydraullc conductivity
(mlnerals)

Material: Bantonite (Na) and Sand
Formation:
Location:
Condition 1: Density (g/cm(3)) = 2,0 - 2,2
Condition 2: Temparature = 25 deg C

Condition 3:

Property/units:

ranges from:

to:

as:

ranges from:
Reference:

Source: PNL=-4452 UC~70 (1983), p. 16

Reference basait ground water
Hydraulic conductivity (cm/s)
ca, 10(-9

ca, 10(-12)

Bentonliie content (%)

25 to: 75

Hydraulic gradient = 4
Permeabillty (cm/s)
(hydraullic conductivity)
<9,5 x 10(-8)

Property/units:

from:
to:
as:
rangaes from: to:
Reference: Taylor et al (1980)
Source: RHO~BW!~-SA-80 (1981), p, 7

ranges

Property class: Hydraulic conductivity
(minerals)
Materlial: Bentonite and Sand (c)
Formation:
Location:
Condition t:
Condiftion 2:

Wyomi ng

10§ bantonite

Saturation time (days) =
(still saturating)
Hydraulic gradient = 4
Permeabl ity (cm/s)
(hydraulic conductivity)
<9,5 x 10(-8)

42

Condition 3:
Property/units:

ranges from:
to:
as:
ranges from: to:
Refarence: Taylor st ail (1980)
Source: RHO~BWI-SA-8C (1981), p. 7



Property class:
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Hydraullc conductivity
(mlnerals)

Materlal: Bentonite and Sand (d)

Formation:
Location:
Condition 1:
Condltion 2:

Condltion 3:
Property/unlts:

ranges from:
to:
as:
ranges from:

Wyom! ng

50% bentonlte

Saturation tlme (days) = 33
(st!1| saturating)
Hydraullc gradlent = 4
Permeabl Ity (cm/s)
(hydraullc conductivity}
<9,5 x 10(-8)

to:

Reference: Taylor et al (1980)
Sourcae: RHO-BW!-SA-80 (1981), p, 7

Property class:

Hydraullc conductivity
(mlnerals)

Materlal: Bentonlte and Sand (e)

Formatlon:
Locatlon:
Condltlon 1:
Condltlon 2:
Conditlon 3:

Property/unlts:
ranges from:

to:

as:

ranges from:
Reference: Grim

Wyoming

75% sand

20 - 80 mesh sand

Denslty (dry) (buik)
(g/em(3)) = 1,72
Permeablilty (m{(2))

3 x 10(~18) (2,9 x 10(-9)
cm/s)

to:
{1962)

Source: NUREG/CP-0052 (1983), p. 220

Property class:

Hydraullc conductlivity
{(mlnerats)

Materlal: Bentonlte and Sand (f)

Formation:
Location:
Condltlon 1:
Conditlion 2:
Condltlon 3:

Property/units:
ranges from:

to:

as:

ranges from:
Reference:

Wyoml ng

75% sand

80 - 140 mesh sand

Density (dry) (bulk)
(g/em(3)) = 1,59
Permeablitty (m(2))

8 x 10(~18) (7.8 x 10(-9
cm/s)

to:

Source: NUREG/CP~0052 (1983), p, 220

Property class:

Hydraul lc conductlivity
(mlnerals)

Materlal: Clay and Sand

Formation;
Locatlon:
Condlition 1:
Condltion 2:

Condltion 3:
Property/units:

ranges from:
fo:
as:
ranges from:

Hanford

50% Ringold clay

Saturation time (days) = 38
(still saturating)
Hydraullc gradlent = 4
Permeabliity (cm/s)
{hydraul lc conductivity)
<9,5 x 10(~-8)

to:

Reference: Taylor et al (1980)
Source: RHO-BWI-SA-80 (1981), p. 7

Property class:

Materlal:
Formattion:
Location:
Condition 1:
Conditlon 2:
Condltion 3:
Property/unlts:
ranges from:
to:

as:

ranges from:

Hydraullc conductivity
(mlnerals)

tilite (Ca)

Hydraullc conductlivlty (cm/s)
10(~10)

10(~6)

Yold ratlio

0,7 to: 6

Reference: Mesrl and Olson (1971)
Source: ONW|-486 (1983), p, 35

Property class:

Mater(al:
Formation:
Location:
Condition 1:
Condition 2:
Condltion 3:
Property/untts:
ranges from:
to:

as:

ranges from:

Hydraullc conductivity
(minerais)

iitte (Na)

Hydrau!lc conductivity (cm/s)
10(-10)

10(~7)

Yold ratio

0,7 to: 7

Reference: Mesr! and Olson (1971)
Source: ONWI=-486 (1983), p, 35

Property class:

Hydraullc conductivity
(minerais)

Materlal: Kaolinite (a)

Formation:
Location:
Condition 1:

Condl tion 2:
Condltton 3:
Property/units:
ranges from:

to:

as:

ranges from:
Reference: Grim

Denslty (dry) (bulk)
{g/cm(3)) =
Load (MPa) = 0,1

Permeabl 1Tty (m(2))
1 x 10(-16) 9,7 x 10(~8)
cm/s)

to:
(1962)

Source: NUREG/CP-0052 (1983), p, 209

Property class:

Hydraullc conductivity
{minerals)

Material: Kaolinite (b)

Formation:
Location:
Condltion 1:

Condltion 2:
Condl tion 3:
Property/unlts:
ranges from:

to:

as:

ranges from:
Reference: Grim

Denslty (dry) (bulk)
(g/cm(3)) =
Load (MPa) = 6.4

Permeabl ity (m(2))
5 x 10(~17) (4,9 x 10(-8)
cm/s)

to:
(1962)

Source: NUREG/CP-0052 (1983), p, 209



Property class:

Materlal:
Formatlon:
Locatlon:
Condt+ion 1:
Condltion 2:
Condltlon 3:
Property/unlits:
ranges from:
to:

as:

ranges from:
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Hydraullc conductivity
(mlnerals)

Kaolinlte (Ca)

Hydraullc conductivlity (cm/s)
10(~8)

10¢(~5)

Yold ratlo

0.7 to: 2

Referance: Mesrl and Olson (1971)
Source; ONWiI-486 (1983), p, 35

Property class:

Materlal:
Formation:
l.ocatlon:
Condltlen 1:
Condltlon 2:
Condltion 3:
Property/unlts:
ranges from:
to:

as:

ranges from:

Hydrau!lc conductivity
(minerals)

KaolInlte (Na)

Hydrau!llc conductivity (cm/s)
10(-8)

10¢-5)

Vold ratlo

0,7 to: 2

Reference: Mesrl and Olson (19271)

Property class:

Matarfal: Sty
Formation:
Location:
Condlitlon 1:
Condltion 2:
Condltton 3:
Property/unlts:
ranges from:
to:

as:

rangss from:

Raference: Mlfche!l

Hydraullc conductivity
(minerals)
Clay

Statlc compaction

Hydraulle conductlivity (cm/s)
5 x 10(~6)

10¢=7)

Molding water content (wt, ¥)
13 to: 23

(1976)

Source: ONW)-~486 (1983), p. 39

Property classs

Matarial:
fFormation:
Location:
Condltion 1:
Condltlon 2:
Condition 3:
Property/unlts:
ranges from:
to:

as:

ranges from:

Hydraullc conductivlty
(minerals?

Smectite {(Ca) (a)

Hydraullc conductivity (cm/s)
10(-11)

10(-6)

Vold ratio

1 to: 6

Reference: Mesr! and Olson (1971)

Source: ONwi-486 (1983), p, 35

Property class: Hydraullc conductivity
(minerals)
Materlal: Kao!lnlte and Sand

Format!lon:
Location:
Condltlon 1:

Condltlon 2:
Condltlon 3:
Property/unlts:
ranges from:

to:

as:

rangss from:
Referenca: Grim

Density (dry) (bulk)
(g/cm(3)) {(not stated)

Load (MPa} = 6,4

30% kaollnlte

Permeabl {{ty (m{Z2))

2 x 10(~16) (1.9 x 10(=7)
cm/s)

to:
(1962)

Source: NUREG/CP-0052 (1983), p, 209

Property class:

Materlal: Siity
Formation:
Location:
Condltion 1:
Condttion 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:

Referenca: Mltchel!

Hydraullc conductivity
(mlneratls)
Clay

Kneadlng compaction

Hydraullc conductlvity (cm/s)
5 x 10(~-6)

ca, 2 x 10(-8)

Moldlng water content (wt, %)
13 to: 25

(1976)

Source: ONW) ~485 (1983), p, 39

Source: ONWi~486 (1983), p, 35

Property class: Hydraullc conductivity

(minerals)

Materlai: Smsctite (Ca) (b)
Formation:
Locatlon:

Condltlon 1: Density (dry) (bulk)

(g/cm{3)) (not stated)
Condltion 2: Load {MPa) = 6.4
Condltlon 3:
Property/units:

ranges firom:

Permeablllty (m(2))
3 x 10(~18) (2,9 x 10(-9)
cm/s)
to:
as:
ranges from: to:
Reference: Grim (1962)
Source: NUREG/CP-0052 (1983), p. 209

Property class: Hydraullc conductlivlty
(minerals)

Materlal: Smectite (Ca) and Sand
Formatlon:
Locatlion:

Condltion 1: Denslty (dry) (bulk)

(g/cm(3)) (not stated)

Load (MPa)} = 6.4

308 smectite

Permeabl [ty (m(2))

4 x 10(~-1T) (3.9 x 10¢(-8)

cm/s)

Condltion 2:
Condltion 3
Property/unlts:
ranges from:

to:
as:
ranges from: to:
Reference: Grim (1962)
Source: NUREG/CP-0052 (1983), p. 209



Property class:
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Hydraullc conductivity
{mlnerals)

Materlal: Smactlite (Na) (a)

Formation:
Location:
Condltion 1:
Condltion 2:
Condltion 3:
Property/unlts:
ranges from:
tos

as:

ranges from:

Hydraullc conductivity (cm/s)
10¢-11)

10(-7)

Vold ratic

1 to: 30

Reference: Mesrl and Olson (1971)
Source: ONWI1-486 (1983), p, 35

Property class:

Hydraullc conductivlty
(mlnerats)

Materlal: Smectite (Na) and Sand

Formation:
Location:
Condltion 1:

Condltion 2:
Condltion 3:
Property/unlts:
ranges froms

to:

as:

ranges from:
Reference: Grim

Density (dry) (bulk)
(g/cm(3)) (not stated)

Load (MPa) = 6.4

30% smectite

Permeabl Ity (m(2))

5 x 10(=19) (4.9 x 10(~10)
cm/s)

to:
(1962)

Source: NUREG/CP-0052 (1983), p, 209

Property class:

Hydrauilc conductivity
(mtnerals)

Materlial: Voiclay saline seal and Sand

Format!lon:
Location:
Condltion 1:
Condltion 2:
Condition 3:

Property/unlts:

ranges from:

to:

as:

ranges from:
Reference:

508 sand

Denslty 2,22 g/cm(3)

Varlous heads and hydraullc
gradlents

Hydraullec conductivity (cm/s)
2,9 x 10(~-12)

4.1 x 10(~12)

to:

Source: ONWI-312 (1981), p. 33

Property class:
Materlal: Shale
formation:
Location:
Condltlion 1:
Condttlon 2:
Condltion 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference:

Mlscel laneous

Pre-emp lacement travel
100,000 years

Groundwater trave! dlstance
(m)
0.3
40

to:

Source: ORNL-6241/V1 (In preparation) p, 36

Property class: Miscellaneous
Materlal: Shale
Formation:
Locatlon:
Condltlon Y: Preclosure mlined openlngs
Conditlon 2:
Condlition 3:
Property/untts: Inflow (m!/min per m)
ranges from: 10
to: 5 x 10({-1)
as: Time (days)
ranges from: 0,1 to: 5,000
Re ference:
Source: ORNL-6241/Y1 (in preparation) p, 38

Property class: Miscel{aneocus
Materlal: Shale
Formatlon:
Location:
Condltlon 1:
Condltion 2:
Condltion 3:
Property/unlts: Inflow (mi/min per m)
ranges from: 10
to: <1
as: Time (days)
ranges from: 0,1 to: 5,000
Reference:
Source: ORNL~6241/V2 (In preparation) p, 106

Property class: Mlscellaneous
Materlal: Shale
Formatlon:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/unlts: Speclflc storage (1/m}
ranges from: 1 x 10(-6)
Yo:
as:
ranges from: to:
Reference: Loken, M, (personal communlcation)
(1984)
Source: ORNL-6241/V2 (in preparation) p, 99

Property class: Mlscellanecus
Materlal: Shale
Formation:
Locatlon:
Cond!tion 1: Computed value
Condltion 2:
Condltlon 3:
Property/unlts: Speclflc storage (I1/m)
ranges from: 4,3 x 10(~7)
to: 2.8 x 10(~-6)
as:
ranges from: to:
Reference:
Source: ORNL-6241/¥2 (In preparation) p, 57
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Property class: Mlscellaneous
Materlal: Shale
Formation:
Ltocation:
Condition 1: ADOPTED BASE VALUE
Condition 2:
Condition 3:
Property/units: Speclific storage (m{(-1)) (?)
ranges from: 5 x 10(-6)
to: 5 x 10(-7)
as:
ranges from: to:
Reference:
Source: ORNL-6241/¥1 (in preparation) p, 33

Property class: Miscellaneous
Material: Shale
Formation:
Location:
Condlition 1: Pre~emplacement travsl
Condition 2: 10 km distance
Conditlon 3:
Property/units: Travel time (ysars)
ranges from: >100,000
to: >100,000
as:
ranges from: to:
Reference:
Source: ORNL~-6241/V1 (in preparation) p. 36
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13.1.4 Appendix A.4. MECHANICAL PROPERTIES






Property class: Bulk modulus
Matertal: Arglitite
Formation: Eleana Argiliite

135

Property class: Bulk modulus
Material: Shale

Formatlion: Pierre Shale

Location: -

Condition 1:
Condition 2:
Condition 3:
Property/untts:
ranges from:
to:

as:

ranges from:

Bulk modulus {(confined) (GPa)
14,0 (1.4 x 10(4) MPa)

- to: -~

Reference: Y/OWl/TM-36/6 (1978)

Source: Proc NEA Workshop OECO (1979b), p, 87

Property class:
Material:
Formation:
Location:
Condition 1;
Condition 2:
Condition 3:
Property/unlts:
ranges from:

to:

as:

ranges from:
Reference: -

Shale

Bulk modutus

Typical
Intact

ftittic shale

Bulk modulus (psi)
7.6 x 10(5) (5,2 x 10(3)
MPa)

- tor ~

Source: Y/OWi/TM36/6 (1978), p, 7-8

Property class:
Materlial: Shale
formation:
Location:
Condl+ion 1:
Condition 2:
Condition 3:
Property/units:
ranges from:

to:

as:

ranges from:
Reference: -

Bulk modutus

Arnhelm and Waynesville Fms
Ohlo

Ordoviclan

Intact

Bulk modulus (psi)

6.3 x 10(5) (4.3 x 10(3)
MPa)
- to: -

Source: Y/OWi/TM36/6 (1978), p, 5~14

Property class:
Materlal: Shale
Formation:
Location:
Condition 1:
Conditlon 2:
Conditlion 3:
Property/unlts:
ranges from:

to:

as:

ranges from:
Reference: -

Bulk modulus

Chagrin Shale

Chio

Devonian

Intact

Bulk modultus (psi)

1.1 x 10¢(5) (7.6 x 10(2)
MPa)

~ to: -

Source: Y/OW!/TM36/6 (1978), p. 4-12

Locatlion:
Condition 1:
Condition 2:
Condition 3:

Property/units:
rangas from:

to:
as:
ranges from:

Reference: -

Source: Y/OW!/TM36/6 (1978), p.

Property class:
Shales
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:
as:
ranges from:

Material:

Intact

Bulk modulus
T77.8 x 10(3)
MP a)

(psi)
(5.4 x 10(2)

- to: -
3-24

Bulk modutus

Bulk modutus {(Pa x 10(10))

ca, 950 (ca, 5 x 10(5) MPa)
ca, 200 - (ca. 2 x 10(5) MPa)
Depth (m)

0 to: 6,000

Reference: Three refs
Source: ORNL-6241/V2 (in preparation) p., 199

Property class:

Coheslion

Material: Argiltlite

Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:
Y/OW1 /TM-36/6 (1978)

Reference:

Eleana Arglllite

Cohesion (unconfined) (MPa)
8 x 10(-1)
- to: -

Source: Proc NEA Workshop DECD (1979b), p, 87

Property class:

Materlal: Clay

Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:

Reference: -

Source: Rad Waste
Cycle v,6

Cohesion
Blue Clay
Italy

Coheslon (MPa)
1 x 10(-1)

- to: -

Management and Nuclear
(1985), p, 54

Fuel



Property class:
Material: Clay
Formation:
Locatlon:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:
Reference:

Source: Rad Waste
Cycle v,6

Property class:
Material:
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:

Re ference:

Shale
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Cohoslon

Boom Clay
Belgtum

Cohesion (Ma)
1 x 10(-1)
1

- Yo: -

Management and Nuclear Fuel
(1985), p. 54

Cohesion

Arnheim and Waynesville Fms
Ohlo

Ordovician

tntact

Cohesion (psi)

5,900 (4.1 x 10(1) MPa)

- to: -~

Source: Y/OW!/TM36/6 (1978), p. 5-14

Property class:
Material:
Formation:
l.ocation:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:
Reference:

Shale

Coheslon

Chagrin Shals

Ohlo

Devonlan

Intact

Cohasion (psl)

14 (1 x 10(=1) MPa)

-~ fo: -~

Source: Y/OWi/TM36/6 (1978), p, 4-12

Property class:
Material: Shaie
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:
as:
ranges from:
Reference: =

Cohesion
(a)

Intact
Range of properties

Cohesion (psi)
0 (0 Wa)
4,250 (3 x 10{1) Wa)

- to: =

Source: Y/OWl/TM36/6 (1978), p., 2-2

Property class: Cohesion
Material: Shale (b)
Formation: -
Location: -
Condition 1: Typical illitic shale
Condition 2: Intact
Condition 3: -

Property/units: Cohesion (psl)

ranges from: 6 x 10(3) (4.1 x 10(1) MPa)
to: -
as: ~

ranges from: - fo: ~

Reference: -
Source: Y/OW!|/TM36/6 (1978), p, 7-8

Property class: Cohesion
Mataerial: Shale (¢}
Formation: Plerre Shale
tocatlion: -
Conditlon V: lIntact
Condition 2: -~
Condition 3:
Property/units:

Cohaslon (psi)

ranges from: 206 (1.4 Wa)
to: -
as: -

ranges from: - fo: -

Reference: -
Source: Y/OW!/TM36/6 (1978), p., 3-24

Cohesion
(d)

Property class:
Material: Shale
Formation: Plerre Shale
Location: Great Plains
Condition V: =
Condition 2: -
Condition 3: -~
Property/units: Coheston (psi)

ranges from: 2 (1.4 x 10(-2) Ma)
to: 30 (2,1 x 10(-1) MPa)
as: -

ranges from: - to: -~

Reference: Abal and Gentry (1975)
Source: ORNL/Sub/84-64794/1 (1985), p, 293

Property class: Compresslve strength
Materlal: Argiliite
Formation: Eleana Argillite
Location: -
Condition 1:
Condition 2: =~
Condition 3: -
Property/units: Compressive strength
(unconfined) (MPa)
ranges from: 4,75
to: -
as: -
ranges from: - to:
Reference: Y/Qul/TM-36/6 (1978)
Source: Proc NEA Workshop OECD (1979b), p. 87



Property class:

Compressive strength

Material: Bentonlte (Na) (a)

Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

Compressive strength

Property class:

Compressive strength

Materfal: Kaolinlite

Formation:
Location:
Condition 1:
Condlition 2:
Condition 3:
Property/units:

-

Compresslive strength

(unconfined) (psi)}
ranges from: 55,5 (3,8 x 10(-1) MPa)
fo: -
as: -
ranges from: - to: -
Reterence: Mielenz and King (1955)
Source: ONWI-312 (1981), p, 22

Property class: Compressive strength
Material: Bentonite (Na) (b)
Formation: -
Location: -
Condition 1: Air dry (water ca. 10%)
Condition 2: Density (bulk) = 2 +/m(3)
Condition 3: -
Property/units: Compressive strength
(unlaxial) (MPa)
ranges from: 8,9
to: -
as: -
ranges from: - to: -
Reference: -
Source; KBS TEKNISK RAPPORT 74 (1978}, p. 14

Property class: Compressive strength

(unconfined) (psli)

ranges from: 100,3
to: -
as: -
ranges from: - to: -
Reference: Mielenz and King
Source: ONWi-312 (1981), p,

Property class: Compressive
Material: Oll Shales
Formation: -~
Location: -
Condition 1: High grade
Condition 2: =
Condition 3: -
Property/units: Compressive
ranges from: 35
to: 138
as: -
ranges from: - to: -
Reference: Netheriand et al
Source: ORNL/Sub/84-64794/1

Property class: Compressive
Materlai: Oli Shales

6,9 x 10(~-1) MPa)

(1955)
22

strength

strength (MPa)

(1975)
(1985), p, 348

strength

Material: Bentonite and Sand (a)

Formation:
Location:
Condlition 1:
Conditton 2:
Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:

Oregon

Compressive strength
(unconflned) (MPa)
ca, 0

ca, 1.8

Clay content (wt, %)
ca, 0 to: 50-70

Reference: Taylor et al (1980)
Source: RHO-BW!-5A-80 (1981), Fig., 4

Property class:

Compressive strength

Materiat: Bentonite and Sand (b)

Formation:
Location:-
Condition 1:
Condltion 2:
Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:

Wyomlng

Compresslve strength
(unconfined) (MPa)
ca, 0

ca. 3

Clay content (wt, %)
ca, 0 to: 50-60

Reference: Taylor et al (1980)
Source: RHO-BWI~-SA-80 (1981), Fig. 4

Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:

Low grade

Compressive strength (MPa)
138
172

- to: -

Reference: Netherland et al (1975)
Source: ORNL/Sub/84~64794/1 (1985), p, 348

Property class:
Material: Shale
Formation:
Locattion:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Compresslve strength

Arnheim and Waynesville Fms
Ohio

Ordovician

intact

Compresslve strength
(uniaxial) (psi)
1 x 10(4) (6,9 x 10(1) MPa)

to: -

Source: Y/OWI/TM36/6 (1978), p. 5-14
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Property class: Compressive strength

Material: Shale
Formation: Chagrin Shale
lLocation: Ohlo
Condition 1: Devonfan-Mississippian
Conditlion 2: Intact
Condition 3: Depth = 30 m

Property/units: Compressive strength

(unfaxialt) (MPa)

ranges from: 13,8
to: -
as: -
ranges from: - to: -

Reterence: Dames and Moore (1978)

Source: ORNL/Sub/84-64794/1 (1985), p, 108

Property class: Compressive strength
Materlal: Shale
Formation: Chagrin Shale
Location: Ohio
Condition 1: Devonlan
Condition 2: Intact
Condition 3: -
Property/units: Compressive stresngth
(unfaxiat) (psi)
ranges from: 2 x 10(3) (1.4 x 10(1) MPa)
to: -
as: -
ranges from: ~ to: -

Reference: -
Source: Y/Or!|/TM36/6 (1978), p. 4-12

Property class: Compressive strength

Material: Shale
Formation: Hucknall Shale
Location: -
Condlition 1: tintact
Condition 2: -~
Condition 3: -~
Property/units: Compressive strength (psl)
ranges from: 8,5 x 10(3) 5.9 x 10(H
MPa)
to: -
as: =
ranges from: - to: -

Re ference: Hobbs (1970)
Source: Y/OWi/TM36/6 (1978), p, 6-3

Property class: Compressive strength

Material: Shale
Formation: Lewis Shate
Location: New Mexico
Condition 1: Moisture content 3,7 to 6,2%
Condition 2: -
Condition 3: -

Property/units: Compressive strength (psli)

ranges from: 1,000 (6.9 Wa)
to: 6,000 (4.1 x 10(1) MPa)
as: -~

ranges from: - to: -

Reference: -
Source: Y/041 /TM36/6 (1978), p, 8-5

Property class:
Material:
Formation:
Location:
Condition 1:
Conditlon 2:
Condition 3:
Property/units:
ranges from:
to:
as:
ranges from:
Reference: -~

Source: Y/Cwi/TM36/6 (1978),

Property class:
Materlal:
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:

Shaie

Shale

Compressive strength

Mancos Fm
New Mexlco

Compressive strength (pst)

1,000 (6.9 MPa)
8,000 (5.5 x 10(1) MPa)
- to: -~

p. 8-2

Compressive strength

Maquoketa Group
Indiana
Itlite domlnant

Compressive strength (MPa)
11
115

- to: -

Reference: Cobb Englineering (1975)

Source: ORNL/Sub/84-64794/1

Property class:
Material: Shale
Formation:
Location:
Condition 1:
Condltion 2:
Condition 3:
Propsrty/units:

ranges from:
to:

as:
ranges from:
Reference: -

(1985), p, 60

Compressive strength
(a)

Intact
Range of properties

Compressive strength

(uniaxlal) (psi)

70 (4,8 x 10(~-1) MPa)
3,7 x 10(4) (2.5 x 10(2)
MPa)

~ to: -~

Source: Y/CW!| /TM36/6 (1978), o, 2-2

Property class:
Materlal: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/unlts:

ranges from:
to:
as:

ranges from:

Compressive strength
(a)

Bearpaw Shals
Montana

Upper Cretaceous

Comprssslive strength
(kg/cm(2))

122 (1,2 x 10(1) MPa)

25 (2,5 MPa)

Angle between sample axls and
horizontal (deg)

0 to: 40 +/- 10

Reference: Wright (1969}
Source: Y/OW4)/TM36/6 (1978), p, 6-13



Property class:
Materiat:
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -
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Compressive strength

Shatle (a)

Pierre Shals

tntact

Compressive strength
(uniaxial) (ps1)

2,1 x 10(3) (1.4 x 10(1)
MP3a)

~ to: -

Source: Y/OW1/TM36/6 (1978), p, 3-24

Property class:
Materlal: Shale
Formation:
Location:
Conditlon 1:
Condition 2:
Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Compresslive strength
(b)

Typical 1liitic shale

Intact

Compressive strength
(unfaxial) (psl)

1 x 10¢4) (6.9 x 10(1) Wa)

- to: ~

Source: Y/OWI/TM36/6 (1978), p, 7-8

Property class:
Materlial: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

from:
to:
as:

ranges

ranges from:

Compressive strength
(b)

Bearpaw Shale
Montana

Upper Cretaceous

Compresslive strength
(kg/cm(2))

25 (2.5 MPa)

55 (5.4 Ma)

Angle between sample axls and
horizontal (deg)

40 +/- 10 to: 90

Refersnce: Wright (1969)
Source: Y/OW!/TM36/6 (1973), p, 6~13

Property class:
Material: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:
Reference: Abel!

Source: ORNL/Sub/84-64794/1

Compresslive strength
(b}

Plerre Shale

Great Plalins

Compressive strength (psi)

70 (4,8 x 10(~1) MPa)
2,530 (1,7 x 10(1) MPa)
- to: -

and Gentry (1975)
(19851, p, 293

Property class:
Material:
Formation:
Locatlion:
Condition 1:

Condition 2:

Condition 3:
Property/untts:
ranges from:
tTo:

as:

ranges from:

Compressive strength

Shalss

Wastern Ohio

Mean composition: Iltite
(47%), quartz (24%)

Pius other clays, carbonates,
etc,

Compressive strength (MPa)
20
32

- to: -

Reference: Cobb Englneering (1975)

Source: ORNL/Sub/84-64794/1

Property class:
Matarial:
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

(1985), p, 71

Compressive strength

Shales (a)

Tested at room temperature
"Ory® specimens

Forty-nine data polnts
Compressive strength
(unconflined) (MPa)

25,2

113,6

~ to: -

Source: ORNL~-6241/V3 (in preparation) p, 110

Property class:

Compressive strength

Materlal: Shales (b)
Formation: -
Locatlion: Various

Condition 1:

Condition 2:
Condition 3:
Property/units:

ranges from:
to:

as:
ranges from:

Varlious depths, composltions,
ete,

Rapresents many tests
Compressive strength
(unconfined) (psi)

<100 ( <6,9 x 10(-1) MPa)
3.7 x 10(4) (2,5 x 10(2)
MPa)

- to: -~

Reference: Thirteen refs
Source: Y/OW|/TM36/6 (1978), p, A-4,5,6

Property class:

Compressive strength

Materlal: Smectite (Na), Kaolinite, Sand
Mixtures (a)

Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:

Osage, NY
Kaollnite from Bath, SC
Alr dried

Compressive stirength (psl)

76,5 (5,3 x 10(-1) MPa)
541,0 (3.7 MPa)
= tor -

Reference: Mielenz and King (1955)
Source: ONWI-312 (1981), p, 24



Property class:
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Compressive strength

Materlal: Smectite (Na), Kaolinite, Sand
Mixtures (b)

Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:

Osage, NY

Kaolinite from Bath, SC
Optimum moisture content
Compressive strength (psi)
9,1 (6,3 x 10(~2) MPa)
85,5 (5.9 x 10(-1) MPa)

- to: -~

Reference: Mielenz and King (1955)
Source: ONWI=-312 (1981), p, 24

Property class:

Friction angle

Material: Argitlite

Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:
to:

as:

ranges from:
Reference:

Eleana Argillite

Friction angle (internal)
(deg)
35

- to: -

Y/Oi /TM-36/6 (1978)

Sourca: Proc NEA Workshop OECD (1979b), p. 87

Property class:
Material: Clay
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Source: Rad Waste
Cycte v.6

Property class:
Material: Clay
Formation:
Locatlon:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Source: Rad Waste
Cycle v.6

Friction angle

Biue Clay
ltaly

Friction angle (angle of
shear reslistance) (deg)
25

- to: -

Management and Nuclear Fue!
(1985), p, 54

Friction angle

Boom Clay
Belgium

Frictlon angle (angle of
shear resistance) (deg)
19

- to: -

Management and Nuclear fuel

(1985), p. 54

Property class:
Matertial:
Formation:
Location:
Condition 1:
Condition 2:
Condifion 3:
Property/units:

ranges from:
to:
as:
ranges from:

Reference: Mitchel!

Friction angle

H1itte (Na) (a)

0 gNaCl/titer

Friction angle (residual)

(tan)

0.3

0.7

Quartz content
0 to: 100
(1976)

(% dry wt,)

Source: ONW!-486 (1983), p, 47

Property class:
Material:
Formation:
Locatlon:
Condition 1:
Condition 2:
Condition 3:
Property/units:

Friction angle

ITiite (Na) (b)

30 g NaCl/liter

Friction angle (residual)

{(tan)
ranges from: 0,47
to: 0,7
as: Quartz content ($ dry wt,)
ranges from: 0 to: 100
Reference: Mitchell (1976}

Source: ONWI-486 (1983), p, 47

Propsrty class:
Material:
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:

Reference: Mitchell

Friction angle

Kaolinite

Friction angle
(tan)

0,27

0,7

Quartz content
0 to: 100
(1976)

(residual)

(% dry wt.}

Source: ONW|~-486 (1983), p, 47

Property class:
Materlal: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:
as:
ranges from:
Reference: -

Friction angle

Arnhelim and Waynesvillie Fms
Ohio

Ordoviclan

Intact

Friction angle (deg)

23.4

- to: -

Source: Y/OWI/TM36/6 (1978}, p, 5-14



Property class:
Materia!: Shale
Formation: Chagrin Shale
Location: Ohlo
Condition 1: Devonlan
Condition 2: Intact
Condition 3: -
Property/units: Friction angle (deg)
ranges from: 22
to: -
as: -
ranges from: -~ to: -
Reference: -~
Source: Y/ M1 /TM36/6 (1978), p. 4-12

Friction angle

Property class: Friction angle
Materla!: Shale (a)
Formation: -~
Location: ~
Condition 1: Intact
Condition 2: Range of properties
Conditton 3: -~
Property/units: Friction angle (deg)
ranges from: 4,2
to: 56
as: ~
ranges from: -~ to: -
Reference: ~
Source: Y/OWI/TM36/6 (1978), p. 2-2

Property ctass: Frictlon angle
Materia!l: Shale (a)
Formation: Plerre Shale
Location: -
Condltion 1: Intact
Condition 2: -
Condltion 3: -
Property/untts: Friction angle (deg)
ranges from: 5,3
to: ~
as: -
ranges from: ~ to: -
Ratference: -
Source: Y/OWi/TM36/6 (1978), p. 3-24

Property class: Friction angle
Material: Shale (b)
Formation: -

Location:
Condition 1:
Condition 2:
Condition 3: -

Property/units: Friction angle (deg)
ranges from: 26
to: -
as: =~
ranges from: ~ to: -
Rafarence: -
Source: Y/OWl/TM36/6 (1978), p, 7-8

Typlicat Jilitic shale
Intact
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Property class:
Material: Shale
Formatlon:
Location:
Condition 1:
Conditlion 2:
Condition 3:
Property/units:

ranges from:
to:

as:

ranges from:
Refaerence: Abel

Friction angle
(b)

Pierre Shale
Great Plalns

Friction angle (internal)
(deg)
8

25

- to: ~
and Gentry (1975)

Source: ORNL/Sub/84-64794/1 (1985), p, 293

Property class:
Matarial: Shale
Formation:
Location:
Conditlon 1:
Conditlion 2:
Condition 3:
Property/units:

ranges from:

to2

as:

ranges from:
Reference: -

Friction angle
(c)

tntact

Range of properties
Friction angle (dilatlion
angle) (deq)

+5

-5

- to: -

Source: Y/OWi/TM36/6 (1978), p, 2-2

Property class:
Matertal: Shale
Formation:
Location:
Conditlon 1:
Conditlon 2:
Condition 3:

Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Friction angle
(d)

Summary

7 data polnts

"dry"; tested at room
temperature

Frictlon angle (internal)
(deg)

14,2

51,0

- to: =~

Source: ORNL~6241/Vi (in preparation) p, 47

Property class:
Material:
Formation:
Location:
Condition 1:
Condition 2:
Condltion 3:
Property/units:

ranges from:
to:
as:
ranges from:

Reference: Mitchell

friction angle

Smectite (Na) (a)

0 g NaCl/l1ter

Friction angle (residual)
(tan)

0,09

0.7

Quartz content (% dry wt,)
0 to: 100

(1976

Source: ONW1-486 (1983), p, 47



Property class:
Material:
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:

Reference: Mltchell

Friction angle

Smactite (Na) (b)

30 g NaGI/liter

Friction angle (residual)
(tan)

0,18

0.7

Quartz content (§ dry wt,)
0 to: 100

(1976)

Source: ONW|-486 (1983), p, 47

Property class:
Material:
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:
Reference:

LeBell

Misce!llaneous

Bentonite

Wet
0,5-mm spaces

Sweiling distance (mm)
1

11

Time (hr)

1 to: 100

(1978)

Source: ONWl-312 (1981), p, 16

Propsrty class:
Materlal: Shale
Formation:
Locatlion:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:
to:

as:

ranges from:
Reference:

Source: ORNL-6241/V1

Property class:
Materltal: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:
Reference:

Miscellansous

Constructibility indices

Ratlo of strength to
overburden stress
1.3

6,0

- to: -
(in preparation) p, 53
Plasticlty (LI)

Bearpaw Shale
Montana
Upper Cretacecus

Plasticity (ltiquidity Index)
-0, 1

~ to:

Source: Y/OW|/TM36/6 (1978), p, 6-1
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Property class:

Plasticity (LL)

Material: Bentonite
Formation: -
Location: Wyoming
Condition 1: -
Condition 2: ~-
Condition 3: -
Property/units: Plasticity (liquid limit) (%)
ranges from: 553,1
to: -
as: -
ranges from: - to: -

Reference: Taylor et al

(1980)

Source: RHO-BW!~SA-80 (1981), p, 6

Property class:
Material:
Formation:
Location:
Condition 1:
Condition 2:
Condltion 3:
Property/units:
ranges from:
to:

as:

ranges from:

Reference: Taylor

Plasticity (LL)

Bentonite (a)

Oregon
20 - 160 mesh

Plasticity (liquld timit) (%)
209,6

to:

et al (1980)

Source: RHO-BWi-SA-80 (1381), p, 6

Property class:
Material:
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:

Reference: Taylor et al

Plasticity (LL)

Bentonite (b)

Oregon
Minus 200 mesh

Plasticity (liquid Iimit) (%)
212,69

-~ to: =
(1980)

Source: RHO-BW!=-5A-80 (1981), p, 6

Property class:
Material:
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:
Reference:

Source: AECL-7825

Plasticity (LL)

Bentonite (Na)

Wyomlng
MX-80

Plasticity (liqulid timit) (%)
260

to:

(1984), p, 12



Property class:
Material:
Formatlon:
Locatton:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:
as:
ranges from:
Reference: -
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Plasticlty (LL)

Bentonite (Na) (a)

MY ~80
50% sand

Plasticlty (liquld limit) ($)
96

-~ to: -

Source: AECL-7825 (1984), p, 12

Property class:
Materlal: Clay
Formation:
Location:
Condltion 1:
Condition 2:
Condition 3:
Property/unlts:
ranges from:
to:

as:

ranges from:

Plastlclity (LL)

Hanford
Ringold clay C

Plasticity (ligquid timIt) (%)
44.6

- tor ~

Reference: Taylor et a! (1980)

Source: RHO-BWI -

Property class:
Material: Clay
Formation:
Locatlon:
Condition 1:
Condlition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:

SA-80 (1981), p. 6
Piasticlty (LL)

Hanford
Ringoid clay D

Plasticity (liquid 1Imit) (%)
63,9

- to: ~

Reference: Taylor et al (1980)
Source: RHO-BW!~-5A-80 (1981), p, 6

Property class:
Materlal: Clay
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

Plasticlty (LL)

Blue Clay
ltaly

Plasticity (liquid limit) (%)

ranges from: 50

to:

as:

ranges from:
Reference: ~

Source: Rad Waste
Cycle v,6

- to: -

Management and Nuclear Fuel
(1985), p, 54

Property class:
Material: Clay
Formation:
Locatlon:
Condltion 1:
Condition 2:
Conditlon 3:
Property/units:
ranges from:
to:
as:
ranges from:
Reference: -~

Source; Rad Waste
Cycle v.6

Property class:
Materla!: Clay
Formation:
Location:
Condition 1:
Condition 2:
Conditlon 3:
Property/units:
ranges from:
to:
as:
ranges from:
Reference: -

Source: Rad Waste
Cycle v,6

Property class:
Materlal:
Formation:
Location:
Conditlion 1:
Conditlon 2:
Condltion 3:
Property/units:

Plasticlty (LL)

Boom Clay
Be lgium

Plasticity (llquld limit) (%)
77,5

- to: -

Management and Nuclear Fue!
(1985), p, 54

Plastliclity (LL)

Oxford Clay
England

Plasticity (I{quid Iimit) (§)
55

- to: -

Management and Nuclear Fuel
(1985}, p, 54

Plasticlty (LL)

I11ite (Ca)

-

Jackson County, OH

-

Plasticity (liguld limit) (%)

ranges from: 69

to:

as:

ranges from:
Reference: -

~ to: ~

Source: ONW{-486 (1983), p, 43

Property class:
Material:
Formatlion:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/unlts:
ranges from:
to:
as:
ranges from:
Reference: -

Plasticity (LL)

1Hitte (Ca) (a)

-

Fithian, 1L

-

Plasticity (liquid timi+) (%)
90

-

- to: -

Source: ONW!-486 (1983), p, 43



Property class:
Material:
Formation:
Locatlion:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:
as:
ranges from:

Re ference: -
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Plasticity (LL)

Fllite (Ca) (b)

Grundy County, IL
5 % smectite layers,

Plasticity (liquid timlt)
100

(%)

- to: -

Source: ONW!-486 (1983), p, 43

Property class:
Material:
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:
as:
ranges from:

Re ference: -~

Plasticity (LL)

Kaollnite (Ca)

Anna, IL

Plasticity (liquid limit) (%)
73

- to: -

Source: ONw!l-486 (1983), p, 43

Property class:
Material:
Formation:
Locattion:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:
as:
ranges from:
Reference: -~

Plasticlty (LL)

Kaolinlite (Ca)

Dry Branch, GA

Plasticlity (liquid limit) (%)
34

- to: -

Source: ONW!-486 (1983), p, 43

Propsrty class:
Material: Shale
Formation:
Locatlon:
Condition 1:

Condition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:

Plasticity (LL)

(a)

Pierre Shale

Great Plains

Mixed-layer illite-smactite
dominant

60-80% clays

Plasticity (liquid timit) (¥)
36
13

- tor -

Reference: Tourtelot (1962)

Source: ORNL/Sub/84-64794/1

(1985), p. 291

Property class: Plasticity (LL)

Material:

Shale (b)
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:

Plerre Shale
Grsat Plalins

Plasticity (liquid limit) (%)
55

to: 202

as:
ranges from:

- to: ~

Reference: Abel and Gentry (1975)
Source: ORNL/Sub/84-64794/1 (1985), p, 293

Property class:

Plasticity (LL)

Material: Shales, Mudstones, Slltstones

Formation:
Location:
Condition 1:

Condition 2:
Condition 3:
Property /units:
ranges from:

Yarious

Many different formations,
depths, etc,

Represents over 125 tests

Plastlicity (tiquid limlt) (%)
17,8

to: 224
as: -~
ranges from: - to: -

Reterence: -

Source: Y/OWi/TM36/6 (1978), p, 6-20 to 6-26

Property class:

Materlial:

Reference: -

Piasticity (LL)

Smectite (Ca)
Formation:
Locatlion:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
for

as:

ranges from:

Belle Fourche, SD

Plasticity (liquid Himlt) ()
177

- to: -

Source: ONWI-486 (1983), p, 43

Property class: Plasticity (LL)
Materlal: Smectite (Ca)
Formation: -
Location: Cheto, AZ
Condition 1: -
Condition 2: -
Condition 3: -
Property/units: Plasticity (liquid limit) ()

ranges from: 155

to: -

as: -
ranges from: - to: -~

Re ference: -
Source: ONW!-486 (1983}, p, 43
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Property class: Plasticity (LL)
Materlal: Smectite (Ca)
Formetion: -

Location: Omstsd, 1L
Condlition t: 238 iilite laysrs,
Condi?tion 20 ~
Condition 3: -

Property/units: Plasticlty
ranges from: 123
tor -
as: -
rangss from: -~ to: ~
Refarence: -~
Source: Hwi-486 (1983), », 43

(liguld Vimlt) (£}

Piroperty class: Plasticity (LL)
Material: Smectite (Ta)
Formation: -
Location: Pontotoc, S
Condltlon 1: -
Condition 2: ~
Condition 3: -~
Property/untts: Plasticity (liguld st ($)
rapgas frome 166
to: -~
75 -
ranges from: - fo: -
Raference: ~
Source: ONW!-486 (1983), p, 43

Property class: Plasticity P1)
Matertal: Bentonlte
Formation: -
Location: Wyomlng
Condlition 12 ~
Condition Z2: -
Condition 3: -
Propertyfunits: P;asflc!fy (plastic Index)
(%)
rangss from: 919,5
tor -
as: -
ranges from: -~ tor -
Raference: Taylor at al (1980)
Source: RHO-BWI!-3A~B0 (1981), p, 6

Property cless: Plasticity (FI)
Material: Bentonlite (a)
Formation: -~
Location: Oregon
CondlYion 1: 20 ~ 160 mesh
Condltion 2 ~
Condition 3: -
Proparty funtts: Péas#ia!?y {plastic Index)
(%)
rangss from: 168,38
tor -
g2 -
ranges from: -~ to: -~
Rafegence: Taylor abt al (1980)
Source: RHO-BW|-SA~80 (1981}, p, €

Property class: Plasticity (PI)
Matarlal: Bentonits (b)
Formatlion: -
Lacatlon: Oregon
Condition Y: Mipus 200 mesh
Condition 2: ~
Condition 3: -
Property/unlits: P;astlcl?y (plastlic Index)
(%2
rangas from: 174,6
Yo -
as: -
ranges from: - tor -
Refersnce: Taylor st al (1980)
Source: RHO~PYWi~5A-80 (1981), p, 6

Property class: Plastielty (Pi)
Materlal: Benton!lta (Na) (a)
Formation: -
Location: Wyoming
Condition ¥: MX-~80
Condition 2: ~
Condlitlion 3: -
Property/unlts: P;asﬂclfy (plasticlty indax)
(%)
ranges from: 210
tor ~
st -~
rangas from: - to: -
Raference: -~
Source: AECL-7825 (1984), p, 12

Property class: Plasticity (Pi)
Matorlial: Bantonlte (Na) (b)
Formation: -

Location: Wyomlng
Condition 1: MX~80
Condition 2: B0% sand
Condition 3: -

Proporty/units: Pias?ic!fy (plasticlty
(%)
rangss from: 79
to: -
2% -
ranges from: - to: -
Refersence: -
Sourca: AECL-7825 (1984), p, 12

Index)

Property class: Plasticity (P1)
Mateorial: Clay
Formation: -
Location: Hanford
Conditlion 1: Ringold clay C©
Condition 2: ~
Condition 3: -~
Property funtts: Péas?!c!ty {plastic Index)
(%)
ranges from: 18,8
tor ~
as; -
ranges from: ~ o =
Refarance: Tsylor et al (1580)
Source: RHO-BWI-SA-80 (1981}, p, 6



Property class:

Material: Clay

Formation:
Location:
Condition 1:
Condition 2:
Conditlon 3:
Property/units:

ranges from:
To:

as:

ranges from:
Refersnce: Taylor et al
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Plasticlity (Pl)

Hanford
Ringold clay D

Pilasticity (plastic Index)
%
40,8

- tor -
(1980)

Source: RHO-BW!-SA-80 (1981), p, 6

Property class:

Material: Clay

Formation:
Locattion:
Condition 1:

Condition 2:
Condition 3:
Property/units:

Plasticity (P1)

Porters Cresk Clay
Louisiana

Smectite, kaollnite, [llite,
atc,

Quartz 5 to 50%

Plasticity (plasticity index)
(%

ranges from: 40
to: -
as: =
ranges from: - fo: -
Reference: Boutwel! (personal communication)
(1980)

Source: ORNL/Sub/84-64794/1 (1985), p, 173

Property class:
Iilte
Formation:
l.ocation:
Conditlion 1:

Material:

Condition 2:
Condition 3:
Property/units:

ranges from:
to:
as:
rangss from:
Lambe and whitman (1969)

Reference:

Plasticity (PI)

Mon-clay fraction, quartz
sand

Ptasticlty (plasticlity index)

(%)

0

90

Clay traction (%)
0 to: 100

Source: ONwWt~-486 (1983), p, 45

Property class:

Material:

Condition 2:
Condition 3:
Property/unl+s:

ranges from:
to:
as:
ranges from:
Lambe and Whitmen (1969)

Reference:

Piasticity (P1)

Kaolinlte
Formation:
Location:
Condition 1:

Non-clay fraction, quartz
sand

Flasticity (plasticity index)
(%

0

35

Clay fractlon (%)
0 to: 100

Source: ONw!-486 (1983), p, 45

Property class:
Material: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condittion 3:
Property/units:

ranges from:
tTo:

as:

ranges from:
Reference: Abel

Source: ORNL/Sub/84-54794 /1

Property class:

Piasticity (Pl)

Pierre Shals
Great Plains

Plasticity (plasticity Index)
€3

30

110

- to: -

and Gantry (1975)

(1985), p. 293

Plasticity (Pl)

Material: Shales, Mudstones, Siltstones

Formation:
Location:
Condition 1:

Conditlon 2:
Conditlion 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Varlious

Many dl fferent formations,
depths, etc,

Represents over 125 tests

Plasticity (plasticlity index)
(%)
1.8
192

- tor -

Source: Y/OW1/TM36/6 (1978), p, 6-20 to 6-26

Property cilass:
Material:
Formation:
Location:
Condition 1:

Condition 2:
Condition 3:
Property/units:

rangss from:
to:

as:

ranges from:
Reference:

Smactlite

Plasticlity (PH)
{Na}

Non-clay fraction, quartz
sand

Plasticity {(piasticity index)
(%)

0

500

Clay fraction (%)
0 to: 70

Lambs and ¥Whitman (1969)

Source: ONW!-486 (1983), p, 45

Property class:
Materlal:
Formatlon:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:

Reference: Taylor et al

Plasticity (PL)

Bentonite

Wyonmlng

Plasticlity (plastic limit)
(%)
33,6

~ tos -

(1980)

Source: RHO-BW!-SA-80 (1981), p, 6



Property class: Plasticlty (PL)
Material: Bentonlte (a)
Formation: -~
Location: Oregon
Condition 1: 20 ~ 160 mesh
Condition 2: =~
Condition 3: -~
Property/units: P;ast!clfy (plastic limlt)
¢ 2
ranges from: 41,0
to: ~
as; -
ranges from: ~ to: -
Retferance: Taylor at al (1980)
Source: RHO-BW!~-SA-80 (1981), p, 6

Property class: Plasticity (PL)
Materlal: Bentonite (b}
Formation: -
tocation: Oregon
Condition 1: Minus 200 mesh
Condition 2: -
Conditlon 3: -
Property/units: P;asf!cl?y (plastic 1imlt)
(%)
ranges from: 38,1
to: -
as; -
ranges from: -~ to: -
Reference: Taylor et al (198D
Source: RHO-BWI-S5A~BO (1981), p, 6

Property class: Plasticlty (PL)
Material: Bentonlte (Na) (=)
Formation: -

Location: Wyoming
Condition 1: MX-80
Condition 2: -

Condition 3: -
Property/units: P;asficlfy {plastic limit)
%
ranges from: 50
to: -~
as: -
ranges from: - to: -
Reference: -
Source:” AECL-7825 {(1984), p, 12

Property class: Plasticlty (FL)
Materla!: Bentonlite (Na) (b)
Formation: ~
Location: Wyoming
Condition ': MX-80
Condition 2: 50% sand
Condition 3: -
Property/untts: P;ast!c!fy (plastic limlt)
(¢

ranges from: 19
to: -
as: -
ranges from: ~ to: =~
Raeference: -
Source: AECL~-7825 (1984), p. 12

Property class: Plasticity (PL)
Materlal: Clay
Formation: -
Location: Hanford
Condition 1: Ringold clay C
Condltion 2: -
Condition 3: -
Property/unlts: P;asflclfy (pltastic limlt)
(%)

ranges from: 23,8
to: -
as: -
ranges from: -~ to: -
Reference: Taylor et al (1980)
Source: RHO-BW!-SA~80 (1981}, p, 6

Property class: Plasticlity (PL)
Msterial: Clay
Formation: ~
Locatlion: Hanford
Condition 1: Ringold clay D
Condition 2: -
Condltion 3: -~
Property/units: Péasflclfy (plastic iimit)
(%}
ranges from: 23,1
to: -~
as: -
ranges from: - to: ~
Reference: Taylor et al (1980)
Source: RHO-BWi-SA-80 (1981), p. 6

Property class: Plasticlity (PL)
Material: Clay
Formation: Blue Clay
Location: Italy
Condition 1: ~
Condition 2: -
Condition 3: -
Property/units: P;asflclfy {plastic limit)
%)
ranges from: 25
to: -
as: -
ranges from: -~ to: -
Reference: ~

Source: Rad Waste Management and Nuctear Fuel

Cycle v,6 (1985), p, 54

Property class: Plasticlity (PL)
Material: Clay
Formstlon: Boom Clay
Location: Beliglum
Condition 1: ~
Condition 2: -
Condition 3: -
Property/unlts: P;asflclfy (plastic 1imit)
(¢.9]
ranges from: 26,5
tor ~
as: -
ranges from: - to: -
Refarance: -

Source: Rad Waste Management and Nuclear Fus!

Cycle v,5 {(1985), p, 54
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Froperty class:
Material: Clay
Formation: Oxford Clay
Location: England
Condition 1: -
Condition 2: -
Condition 3:

Plasticlty (PL)

Plasticity (plastic lImit)

Property/unifts:
(%)
ranges from: 26
to: -
as: =
ranges from: - fto: -
Referance: -
Source: Rad Waste Management and Nuclear fue!
Cycle v,6 (1985), p. 54

Property class: Plasticity (PL)
Materfal: tllite (Ca)
Formation: -
Location: Jackson County, OH
Condition 1: ~
Condition 2: -
Condition 3: ~
Froperty/units: P;asficlry (plastic limlt)
(%)
ranges from: 36
to: =~
as: =
ranges from: - to: -
Refersnce: -
Sourca: ONWI-~486 (1983), p, 43

Property class: Plasticity (PL)
Materiat: {llite (Ca) (a)
Formation: -
Location: Fithian, IL
Condition 1: -
Condition 2: ~
Condition 3; -
Property/units: P;asflclfy (plastic timit)
(%)
ranges from: 40
to: -
as: ~
rangss from: ~ to: -
Referance: ~
Seurce: ONWI-486 (1983), p, 43

Property class: Plasticity (PL)
Materlial: Lllite (Ca) (b}
Formatlion: -~
Location: Grundy County, iL
Condition 1: 5% smectite layers,
Condition 2: -
Condition 3: -
Property/units: P;asflcl?y (plastic limit)
(%)
ranges froin: 42
to: ~
85: -
ranges from: - to: -
Rafersnce: -
Source: CNW!~486 (1983), o, 43

Property class: Plasticlty (PL)
Materlal: Kac!inite (Ca)
Formation: -
Location: Anna,
Condition t: -
Condition 2: -~
Condition 3: -~

It

Property/units: Plasticlty (plastic iimit)
(£)
ranges from: 36
to: -
as: -
ranges from: - tor -~

Referance: -
Source: OMl =486 (1983), p, 43

Property class: Plasticlty (PL}
Materlal: Kaclinlte (Ca)
Formation: -
Location: Dry Branch, GA

Condition 1: ~

Condltion 2; -

Condltion 3: -
Property/units: P;asficlfy {plastic timit)
(%)

ranges from: 26

to: ~
as: ~

ranges from: - to: -
Referenco: -

Source: ONWi-486 (1983), p, 43

Property class: Plasticity (PL)

Materlial: Shale (a)
Formation: Pierre Shale
Location: CGreat Plalns

Condfition 1:
Condition 2:

60-80% clay minerais
Mixed layer lllite-smectite
dominant
Plus smactite and [llite;
minor kaoclinite and chiorite
P;asficlfy {plastic limit)
(%)
ranges from: 20
to: 62
as: -
ranges from: -~ tor =
Reference: Tourtelot (1962)
Source: ORML/Sub/B4-~-84794/1 (1985), p. 291

Condltion 3:

Property/units:

Property class: Plasticity (PL)

Matarial: Shale (b)
Formation: Pleris Shale
Locatlon: Great Plains

Condition 1: -
Condition 2;: -
Condition 3: ~
Property/units: Péasf!clfy {plastic limit)
(%)

ranges from: 22
tos 39
as: -
ranges from: - to: -
Raference: Abe! and Gentry (1975)
Source: ORNL/Sub/84-64794/1 (1985), p., 293
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Property class: Plasticity (PL)
Materlal: Shales, Mudstones, Silitstones
Formation: -
Location: Varlous
Condition 1: Many different formations,
depths, etc,

Property class: Plasticity (PL)
Materilal: Smectite (Ca)
Formation: -
Location: Pontotoc, MS
Condition 1: -
Condition 2: -
Condltion 2: Represents over 125 tests Condition 3: -
Condltion 3: -~ Property/units: Plastlicity (plastic limlt)
Property/units: Plasticlty (plastic Iimit) %)

6.3) ranges from: 65
ranges from: 16,0 to: ~
to: 45,5 as: -

as: ~ ranges from: ~ to: -

ranges from: - to: -
Reference: -
Source: Y/OWi/TM36/6 (1978), p., 6-20 to 6~26

Reference: -
Source: ONW1-486 (1983), p, 43

Property class: Plasticlity (SL)

Property class: Plasticity (PL)
Material: Smectite (Ca)
Formation: -
Locatlon: Belie Fourche, SD
Condition 1: -
Condition 2: -~
Condition 3: -
Property/units: P;asflql?y (plastic limlt)
%)
ranges from: 63
to: -
as: -
ranges from: - to: -
Refsrence: =~
Source: ONWI-486 (1983), p, 43

Property class: Plasticlty (PL)
Material: Smectite (Ca}
Formation: -
Location: Cheto, AZ
Condition 1: ~
Condltion 2: -
Condltion 3: -
Property/units: P;asflclfy {plastic timit)
(%)
ranges from: 65
to: -
as: =~
ranges from: - to: -~
Reference: -
Source: ONW|-~-486 (1983), p, 43

Property class: Plasticlty (PL)
Material: Smectite (Ca)
formation: -

Location: Omsted, IL
Condition 1: 25% 1tlite layers,
Condition 2: -~
Condition 3: -

Property/units: P;asflclfy {plastic limlt)
(%)
ranges from: 79
to: -
as: =
ranges from: ~ to: -
Reference: -
Source: ONWi-486 (1983), p. 43

Materlal: Benton
Formation:
Location:
Condltion 1:
Condition 2:
Condition 3:
Property/unlts:

ranges from:
tTo:
as:
ranges from:

ite (a)

Oregon
20 - 160 mesh

Plasticity (shrinkage 1imit)

(%)
8,47

- to: -

Reference: Taylor et al (1980)

Source: RHO~BW(-SA-80 (1981), p, 6

Property class:

Plasticity (SL)

Material: Bentonite (b)

Formation:
Location:
Conditlion 1:
Condition 2:
Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:

Oregon
Minus 200 mesh

Piasticlty (shrinkage limit)

%)
8,96

-

- to: ~

Reference: Taylor et al (1980)

Source: RHO-BWI-SA-80 (1981), p, 6

Property class:
Materlal: Clay
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:

Plasticlty (SL)

Hanford
Ringold clay D

P;asficlfy {(shrinkage limit)
%)

19,75

-

- to: ~

Reference: Taylor et al (1980)

Source: RHO-BWi~5A-80 (1981}, p. 6
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Property class: Polsson's ratio
Material: Argillite
Formation: Eleana Argillite

Property class: Polsson's ratio
Material: Shale
Formation: Arnhsim and Waynssvlilie Fms

Location: - Location: Chio
Condition 1: - Condition 1: Crdovician
Condition 2: - Condition 2: Intact

Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:

-

Poisson's ratio
0.30

- to: -

Referencs: Y/OWi/TM~36/6 (1978)

Condition 3:

Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Polisson's ratio
0,1

- to: -

Source: Proc NEA Workshop OECD (1979b), p, 87  Source: Y/CWl/TM36/6 (1978), p, S5~14
Property class: Poisson's ratio Property class: Polsson's ratio
Mater!al: Bentonite Materlal: Shale
Formation: -~ Formation: Chagrin Shale
Location: Wyoming Location: Ohlo
Condition 1: Density = 2 +/m(3) Condition 1: Devonian
Condition 2: 10% water Condition 2: Intact
Condition 3: - Condition 3: -~
Property/units: Poisson's ratlo Proparty/units: Polsson's ratio
rangss from: 0,15 ranges from: 0,25
to: - for =
as: - as: -
ranges from: ~ to: -~ rangss ftrom: - to: -
Refsrence: - Reference: -~
Source: ONW!-486 (1983), p, 63 Source: Y/OW!/TM36/6 (1978), p., 4-~12
Property class: Polsson's ratio Property class: Polsson's ratlo
Matarial: Ofl Shales Material: Shale
Formatlon: - Formation: Plerre Shala
Location: - Location: -
Condition 1: High grade Condition 1: Intact
Condition 2: - Condlition 2: ~
Condition 3: ~ Condition 3: -
Property/units: Poisson's ratio Property/units: Polsson's ratio
ranges from: 0,2 ranges from: 0,2
to: 0.3 to: ~
as: =~ as: -
ranges from: - to: -~ ranges from: - to: -
Reference: Netherland et al (1975) Reference: -
Source: ORNL/Sub/84-64794/1 (1985), p. 348 Source: Y/OM1/TM36/6 (1978), p, 3-24

Property class:

Poisson's ratio

Material: Oil Shales

Property class:
Material: Shale

Polsson's ratio
{a)

Formation: - Formation:
Location: - Location: -~
Condition 1: Low grade Condlition 1: Intact
Condition 2: - Conditlon 2: Range of proparties

Condition 3:

Condition 3:

Property/units: Poisson's ratio Property/units: Polsson's ratio
ranges from: 0,15 ranges from: 0,03
to: 0,20 to: 0,50
as: - as: -
ranges from: - to: - ranges from: - to: -

Reference: Netherland et al (1975)
Source: ORNL/Sub/84-84794/1 (1985), p, 348

Refearence: -

Source: Y/OWi/TM36/6 (1978), p. 2-2
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Property class: Polsson's ratio
Material: Shale (b)
formation: -
Location: =~
Condition 1: Typical itiitic shale
Condition 2: Intact
Condltion 3: -
Property/units: Polsson's ratio
ranges from: 0,15
to: ~
as: -
ranges from: - to: -
Reference: -
Source: Y/OWl/TM36/6 (1978}, p. 7-8

Property class: Polsson's ratlo
Materlal: Shales (a)
Formation: -
Location: -~
Condition 1: Tested at room temperaturs
Condition 2: "Dry% speclimens
Condition 3: Thirty-four date points
Property/units: Poisson's ratio
ranges from: 0,11
to: 0,31
as: -
ranges from:
Reference: -
Source: ORNL~6241/V3 (in preparation) p, 110

- to: -

Property class: Polsson'’s ratio
Material: Shales (b}
Formation: -
Location: Various
Condition 1: Various formations, depths,
etc,
Conditlon 2: Represents many tests
Condttion 3: -
Property/units: Polsson's ratlo
ranges from: 0,03
to; 0,77
as: -
ranges from: - to: -
Reference: -
Source: Y/OWl/TM36/6 (1978), p. A~11

Property class: Shear
Material: Bentonlite (Na) (a)
formation: -
Location: -
Condition 1: Water content ca, 10 ¥
Condition 2: Calculated values
Condition 3: -
Property/units: Shear strength (kPa)
ranges from: 1,600 (1,6 Wa)
to: <15 { <1,5 x 10(-2) MPa)
as: Denslty (bulk) (t/m{(3})
rangas from: 2,2 to: 1,05
Reference: -
Source: KBS TEKNISK RAPPORT 74 (1978), p.16

Property class:

Shear

Material: Bentonlte (Na) (b)

Formatlon:
Location:
Condition 1:
Condlition 2:
Condltion 3:
Property/units:
ranges from:
tTo:
as:
ranges from:
Reference: -

Air dry (water ca, 10%)
Density (bulk) = 2 t/m(3)

Shear strength (MPa)
4,5

- to: -

Source: KBS TEKNISK RAPPORT 74 (1978), p. 14

Property class:
Material: Clay
Formation:
Location:
Condition 1:
Condition 2:
Conditlon 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Shear

Bilue Clay
ltaly

-

Shear strength (undrained)

Source: Rad Waste Management and Nuclear Fuel
Cycle v,6 (1685, p, 54

Property class:
Materlial: Clay
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -~

Shear

Boom Clay
Be lglum

Shear strength (undralned)
(MPa)
0.6

- to: -

Source: Rad Waste Management and Nuclear Fuel
Cycle v,6 (1985), p., 54

Property class:
Material: Clay
Formation:
Location:
Condition 1:
Condition 2:
Condltion 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Shear

Oxford Clay
England

Shear strength (undralined)
(MPa)
1.2

- to: =

Source: Rad Waste Management and Nuclear fuel
Cycle v,6 (1985), p, 54



Property class:
Material: Shale
Formation:
Location:
Condition 1:
Condition 2;:
Condition 3:
Property/units:
ranges from:

to:

as:

ranges from:
Reference: -
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Shear

Typical iliitic shals
Intact

Shear modulus (psi)

5,2 x 10(5) (4,3 x 10(3)
MPa)

~ To: ~

Source: Y/CH!/TM36/6 (1978), p, 7-8

Property class:
Material: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:

to:

as:

ranges from:
Reference: -

Shear

Arnhelm and ¥Waynasvilie Fms
Ohio

Ordovician

Intact

Shear modulus (psi)

6.8 x 10(5) (4,7 x 10(3)
MPa)

- to: ~

Source: Y/OWi/TM36/6 (1978), p, 5~14

Property class:
Material: Shale
Formation:
Location:
Condlition 1:
Condition 2:
Condlition 3:
Property/units:
ranges from:

to:

as:

ranges from:
Reference: -

Shear

Chagrin Shale

Ohio

Devonlan

Intact

Shear modulus (psli)

6.8 x 10(4) (4.7 x 10(2)
MPa)

- to: =~

Source: Y/CWi/TM36/6 (1978), p, 4-12

Property class:
Material:
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:

to:

as:

ranges from:
Reference: -~

Shatle

Shear

Pierre Shale

Intact

Shear modulus {ps!)
58,3 x 10(3) 4 x 10(2)
MPa)

-~ to: -

Source: Y/OW!/TM36/6 (1978), p, 3-24

Property class: Shear
Material: Shales (a)
Formation: -
Location: -~

Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges firom:
to:

as:

ranges from:
Refarence:

¥

Shear modulus (Pa x 10(10))
0.t (1 x 10(3) Wa)

100 (1 x 10(5) MPa»

Depth (m)

0 to: 6,000

Three refs

Source: ORNL-6241/¥2 (in preparation) p. 199

Property class:
Material:
Formatlon:
Locatlion:
Condition 1:

Condition 2:
Condition 3:
Property/unlts:
rangss from:

to:
as:

ranges from:
Reference: -

Shear

Shales (b)

Various

Various formations, depths,
etc,

Represents several tests
Shear modulus (psi)

1.7 x 10(6} (1,2 x 10(4)
MPa)

3.6 x 10(8)
Wa)

(2.5 x 10¢4)

-~ to: =

Source: Y/OM!/TM36/6 (1978), p. A~10

Property class:
Material: Clay
Formation:
Location:
Condlition 1:

Condition 2:
Condition 3:
Propsrty/units:

Shear (1)

Porters Creek Clay

Loulisiana

Smectite, kaollnlte, illite,
etc,

Quartz 5 to 950%

Strength (MPa)

ranges from: 0,19
Tor -
as: ~
ranges from: - to: =
Reference: Boutwe!! (personal communication)
(1980)

Source: ORNL/Sub/84-64794/1 (1985), p, 173

Proparty class:
Material:
Formation:
Location:
Condition 1:
Condition 2:
Conditlion 3:

Property/units:

Svalling

Bentonite (a)

Plus natura! silt

Alr dry (ca. 5% water)
Lataral ly conflined; axial
load, 10 kPa

Swelling ()

ranges from: 5

to:

as2

ranges from:
Reterence: -

20
Bentonite content (%)
10 to: 20

Source: KBS TEKNISK RAFPORT 9 (1977), p., 5



Property class:
Materlatl:
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:

Benton

Swelling
Ite (b)

Pius quartz
10 to 15% water content
Allowed to swell freely

Swelling (%)
15

30

- to: -

Raference: VBB company report
Source: KBS TEKN1SK RAPPORT 9 (1977), p. 6

Property class:

Swelling

Matertal: Bentonlte (c)

Formation:
Locatlion:
Condltion 1:
Condlition 2:

Condition 3:
Property/units:
ranges from:
to:

ass

ranges from:

-

1~psl surcharge
Optimum water content,
maximum density

Swellling (§)
1
50

% clay slze
5 to: 18

Referance: Two refs
Source: ONWi-486 (1983), p, 49

Property class:
Materlal:
Formation:
Locatlion:
Condition 1:
Condition 2:
Condition 3:
Property/units:

Swaliling

lilite

l-psl surcharge

Swelling (%)

ranges from: <2
to: 20
as: ¥ clay size
ranges from: <20 to: 45
Reference: Two refs

Source: ONW|-486 (1983), p, 49

Property class:
Material:
Formation:
Locatlon:
Condltion 1:
Condlition 2:
Condftion 3:

Property/units:
ranges from:
to:

as:

ranges from:
Reference:

Swel ling

I1}ite and Bentonlte (a)

t:1 iitite:bentonite ratio
1-psl surcharge

Optimum water content,
maximum density

?wel!lng (%)

54
¥ clay size
5 to: 27

Two refs

Source: ONWI1~486 (1983), p, 49
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Property class:
Materlal:
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:

Swelling

i 11ite and Bentonlte (b)

3:1 ftlite:bentonlte ratio
1-ps! surcharge

Optimum water content,
maximum density

Property/units: Swelling (%)
ranges from: <2
to: 30
as: ¥ clay slze
ranges from: <20 fo: 40
Reference: Two refs

Source: ONW)~486 (1983), p, 49

Property class:
Material:
Formation:
Location:
Condition 1:
Condition 2:
Conditlon 3:

Swelling

11lite and Kaollinite

1:1 itlite:kaolinite ratlo
1-ps! surcharge

Optimum water content,
maximum dens ity

Property/units: Swelling (%)
ranges from: <2
to: <10
as: £ clay slze
ranges from: <20 to: 55
Reference: Two refs

Source: ONW!-486 (1983), p, 49

Property class:
Materlal:
Formation:
Location:
Condltion 1:
Condition 2:

Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:

Swelllng

Kaolinlte

1-psi surcharge
Optimum water content,
maximum density

Swelling ()
<«

4
% clay size
<20 to: 60

Reference: Two rafs
Source: ONWI~486 (1983), p, 49

Property class:

Swelling

Material: Kaolinite and Bentonite

Formation:
Location:
Condition 1:
Condition 2:
Condition 3:

Property/unlits:
ranges from:
to:

as:

ranges from:
Reference:

6:1 kaollnite:bentonite ratio

1-pst surcharge
Optimum water content,
maximum density
Swelllng (%)

2

35
% clay slze
10 to: 30

Two refs

Source: ONW!-486 (1983), p, 49



Property class:
Material: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
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Swellling

Pierra Shale
Great Plains

Swelllng (potential) (%)

ranges from: 3

to:

as:

rangas from:
Reference: Abel

5

- to: -
and Gentry (1975)

Source: ORMNL/Sub/84-64794/1 (1985), p, 293

Property class:
Material: Shaie
Formation:
Location:
Condition 1:
Condition 23
Condltion 3:
Property/unlts:
ranges from:
to:

as:

ranges from:
Refarence: Abel

Sweltling

Pierre Shale (egquivalent)
Canada

Swelling (potential) (%)
2

20

~ to: -

and Gentry (1975)

Source: ORNL/Sub/84-64794/1 (1985), p, 293

Property class:
Materlal:
Formation:
Location:
Condition 1:
Condition 2:
Condlition 3:
Property/units:
ranges from:
to:

as:

ranges from:

Reference: Smith et al

Swelling pressure

Bentonite

Oregon
Mixed with sand

Swelling pressurs (MPa)
ca, O

ca, 1.8

Bentonite content (%)
ca, 10 to: ca, 69
(1980)

Source: AECL-7812 (1983), p, 34

Property class:
Material:
Formation:
Locatlon:
Condition 1:
Condition 2:
Condition 3:
Proparty/units:
ranges from:
to:

as:

ranges from:

Reference: Smith et al

Swelling pressure

Bentonite

Wyomlng
Mixed with sand

Swelling pressure (MPa)
ca, 0

Ca, 2.2
Bentonite content (%)
ca., 10 to: ca, 70

(1980)

Source: AECL-7812 (1983), p. 34

Property class:
Material:
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:

Property/units:

ranges froms

Yo:

as:

ranges from:
Reference: ~

Swelling pressure

Bentonlfe (a)

Plus natural sitft

Alr dry (5% water, Initially)
Laterally confined; axlal
load, 10 kPa

Swellling pressure (kPa)

30 (0,03 MPa) (1)

110 (0,11 MPa) ()
Bentonite content (%)

10 to: 20

Source: KBS TEKNISK RAPPORY 9 (1977), p. 6

Property class:
Material:
Formation:
lL.ocation:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:

Swelllng pressure

Bentonite (b)

Pius quartz

10 to 15% water content
At constant volume
Swslling pressure (kPa)
30 (0,03 MPa) ()

200 (0,20 Wa? (1)

- to: =

Referance: YBB company report
Source: KBS TEKNISK RAPPORT 9 (1977), p. &

Property class:

Swellling pressure

Matariai: Bentonite (c)

Formatlon:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:

Measured at 20 deg C
Used distilied water
Swellling prassure {MPa)
0.7

ca, 710

Density (dry) (Mg/m(3))
1,75 to: 2,2

Reference: Pusch (1980)
Source: AECL-7812 (1983), p, 33

Property class:
Material:
Format ion:
Location:
Conditlion 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:
as:
ranges from:
Refsrencs: -

Swelling pressura

Bentonlite (Ca)

Swelling pressure (Ma)
31,4

Density (g/cm) (7)
2,11 to: -

Source: OM4!-312 (1981), p, 31



155

Property class: Swelltng pressure
Materlal: Bentonlte (Na) (a)
Formatlon: -
Locatton: -
Cond!tion 1: Conflned
Condltlon 2: Denslty at water saturatlon
Condftfon 3: ~
Property/unlts: Swelllng pressure (MPa)
ranges from: >10
to: -
as: -
ranges from: ~ to: -
Reference: Pusch (1979)
Source: ONW!-312 (1981), p, 15

Property class: Swelllng pressure
Materlal: Bentonlte (Na) (b)
Formation: -
Locatlon: -
Condltton 1: -
Condltlon 2: -
Condttion 3: -
Propaerty/unlts: Swelilng pressure (MPa)
ranges from: 57,7
to: ~
as: Denstty (Inft+lai) (presumed
g/cm) (3))
ranges from: 2,13 to: -
Reference: -
Source: ONWI-312'(1981), p. 3

Property class: Sweillng pressure
Matertai: Bentonlte (Na) (¢)
Formatlon: -
Locatton: -
Condltlon 1': 50% sand
Condltion 2: -
Condltlon 3: -
Property/unlts: Swelllng pressure (MPa)
ranges from: 21,7
to: -
as: Denstty (Inftlal) (presumed
g/cm) (3))
ranges from: 2,09 to: -
Reference: -
Source: OMI-312 (1981), p, 31

Property class: Swelllng pressure
Matertal: Bentonlte (Na) (d)
Formation: -
Locatton: -
Condltlon 1: Denstty (g/em(3)) ca, 2,2
Cond!tlon 2: Time 3;3 days
Condltton 3: -
Property/unlts: Swelllng pressure (MPaj
ranges from: ca, 72
to: ~
as: -
ranges from: - to: ~
Reference: Taylior et al (1980)
Source: RHO-BW!~-SA-80 (1981), p, 6

Property class: Swelllng pressure
Materlal: Bentonlte (Na) (e)
Formatton: -
Locatlon: Wyoming
Condltlon 1: MX-80
Condltlon 2: 50% sand
Cond!tlon 3: -
Property/unlts: Swelllng pressure (MPa)
ranges from: ca, 3
to: ca, 8
as: Denslty (Mg/m(3))
ranges from: 1,856 to: 2,055
Reference: -
Source: AECL-7825 (1984}, p, 16

Property class: Swelllng pressure
Matertal: Bentontte (Na) (f)
formatlion: -
Locatlon: Wyomlng
Cond!tton 1: MX-80
Condltion 2: Tlme dependent
Condltion 3: -
Property/unlts: Swelllng pressure (MPa)
ranges from: ca, 2
to: ca., 20
as: Denslty (dry) (Mg/m(3))
ranges from: 1,556 to: 1,774
Reference: -
Source: AECL-7825 (1984), p, 16

Property class: Swelllng pressure
Materlal: Bentonlte (Na) (g)
Formation: ~
Locatlon: Wyoming
Condltlon 1: MX~80
Condttion 2: ?ogpacTed alr-dry (water ca,
oD
Condttlon 3: Curve D
Property/untts: Swelllng pressure (MPa)
ranges from: 1
to: 8
as: Denslty (bulk) (t/m(3)}
ranges from: ca. 1.B to: ca, 2.3
Reference: -
Source: KBS TEKNISK RAPPORT 74 (1978), p. 6

Property class: Swelllng pressure
Materlal: Bentonlte (Na) (h)
Formatlon: -
Locatlon: Wyomlng
Condlttlon 1: Calculated based on dry
dens ity
Condftlon 2: -
Conditton 3: ~
Property/untts: Swelllng pressure (MPa)
ranges from: 2
to: 23
as: Denslty (dry) (t/m(3))
ranges from: 1,1 to: 1,7
Reference: Pusch (1978)
Source: ONWI-486 (1983), p, 51



Property class:

Swallling pressure

Material: Bantonite (Na) (i)

Formation:
Location:

Condition 1: Calculated, water saturated

Condition 2Z:
Condition 3:
Propsrty/units:
ranges from:
to:

as:

ranges from:

Wyomlng

Swelling pressure (MPa)
3

26
Denslity (bulk) (+/m(3))
1.7 to: 2,1

Reference: Pusch (1978)
Source: ONwW!-486 (1983), p, 51

Property class:

Swelling pressure

Material: Bentonlite (Na) (j)

Formatlon:
Location:
Condition 1:

Condition 2:
Conditlion 3:
Property/units:
ranges from:
to:

as:

ranges from:

Wyoml ng

Exposed to external water at

constant volume
Measured

Swelling pressure (MPa)
3

27
Denslity (t/m{3))
1.9 to: 2.3

Re ference: Pusch (1978)
Source: ONWi-486 (1983), p, 51

Property class:

Swaelllng pressure

Mataerlal: Bentonite and Sand (a)

Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:

Oregon

Swe!lllng pressure (Ma)
ca, 0

ca, 1.8

Clay content (wt, %)
ca, 10 to: ca., 70

Refersnce: Taylor et al (1980)
Source: RHO-BW!-SA-80 (1981), Fig, 3

Property class:

Swalling pressure

Materiat: Bentonite and Sand (b)

Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:

Yiyoming

Swelling pressure (MPa)
ca, 0

Ca, 2.2

Clay content (wt, %)
ca, 10 to: ca, 70

Reference: Taylor et al (1980)
Source: RHO-BW!~SA-80 (1981), Fig., 3

Property class: Swelling pressure
Material: Shale
Formation: -
Location: -
Condition 1: MX~80
Conditlon 2: Water content ca, 10%
Condition 3: -
Property/units: Swelling pressurs (MPa)
ranges from: 10
to: 0,5
as: Density {(bulk) (+/m(3})
ranges from: 2,2 to: 1,2
Reference: -

Source: KBS TEKNISK RAPPORT 74 (1978), p, 7

Property class: Tenslle strength
Material: Argillite
Formation: Eleana Argliilite
Location: -
Condition 1: Calculated value
Condition 2: -
Condition 3: -
Property/units: Tensile strength (MPa)
ranges from: 3,5
to: -
as: -
ranges from: = fo: -
Referance: -

Source: Proc NEA wWorkshop OECD (1979b), p. 81

Property class: Tenslle strength
Material: Shale

Formation: Arnhelm and Waynesville Fms

Location: GChio
Condition 1: Ordovician
Condition 2: Intact
Condition 3: -
Proparty/unlits: Tensile strength (psi)

rangses from: 200 (1.4 MPa)
to: -~
as: -~

ranges from: - to: -

Referencea: -
Source: Y/CWl/TM36/6 (1978), p., 5-14

Property class: Tenslle strength
Materlial: Shale (a)
Formation: -
Location: -
Condition 1: Intact
Condition 2: -
Condition 3: -
Property/units: Tensile strength (pst)

ranges from: O (0 MPa) (1)
to: 1,540 (1.1 x 10(1) Ma)
as: -

rangss from: - to: -

Reference: -
Source: Y/OHl/TM36/6 (1978), p., 2-2



Property class:
Material: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:
as:
ranges from:
Reference: -~
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Tenslle strength
(b)

Typlcat
intact
Tenstle strength (psi)
200 (1.4 Wa)

ilitic shale

- to: -

Source: Y/OWl /TM36/6 (1978), p, 7-8

Property class:
Material: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:

Tensile strength

(c)

Chagrin Shale

Chio
Devonlan-Mlississippian
intact

Depth = 30 m

Tenslle strength (MPa)
0,34

- tor -

Reference: Dames and Moore (1978)
Source: ORNL/Sub/84-64794/1 (1985), p, 108

Property class:
Matarial: Shale
Formation:
Locatlon:
Condition 1:
Condition 2:
Cond!tion 3:
Property/units:
ranges from:
to:
as:
ranges from:
Reference: -

Tensile strength
(d)

Chagrin Shale
Ohio

Devonlan

intact

Tenslle strength (psi)
50 (3,4 x 10(-1) MPa)

- to: ~

Source: Y/OWI/TM36/6 (1978), p, 4-12

Property class:
Material: Shale
Formation:
lL.ocation:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:
as:
ranges from:
Reference: -~

Tensile strength
(&)

Pierre Shate
Intact

Tensile strength (psl)
50 (3.4 x 10(=-1) MPa)

-

-

~ to: -

Source: Y/OW|/TM36/6 (1978), p. 3-24

Property class:

Material: Shales

Formation:
Location:
Condition 1:

Conditlon 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:

Tenslle strength

Various

Various formations, depths,
etc,

Represents many samples
Tensite strength (psl)

<100 ( <6,9 x 10(~1) Wa)
1,538 (1.1 x 10(1) wa)

- to: -

Reference: Several refs
Source: Y/OW1/TM36/6 (1978), p, A-7

Property class:

Young's modulus

Material: Argitiite (a)

Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Proparty/units:
ranges from:
to:
as:
ranges from:
Reference: -

Eleana Arglillite

Lab measurement

Young's modulus (GPa)
3,7 (3,7 x 10(3) MPa)
16 (MPa)

Confining pressure (MPa)
Unconfined to: 20

Source: Proc NEA Workshop OECD (1979b), p. 83

Property class:

Young's modulus

Material: Argiilite (b)

Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:

Eleana Argitlite

Young's moduius (unconfined)
(GPa)
3,74 (3,7 x 10(3) MPa)

- to: ~

Reference: Y/OWI1 /TM-36/6 (1978)
Source: Proc NEA Workshop OECD (1979b), p. 87

Property class:
Material:
Formation:
Location:
Condition 1:
Condition 2
Condition 3:
Property/units:
ranges from:
to:
as:
ranges from:

Re ferance: -

Young's modulus

Bentonlte

Density = 2 +/m(3)
10 water

Young's modulus (MPa)
300

- to: -

Source: ONWI-486 (1983), p., 63



Property class:
Materlal:
Formatlon:
Location:
Condltion 1:
Condltlon 2:
Condition 3:
Property/unlts:
ranges from:
to:

as:

ranges from:
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Young's modulus

Bentonlta and Sand (a)

Qregon

Young's modulus (MPa)
ca, 55

ca, 80

Clay content (wt, %)
ca, 10 to: ca, 50

Roference: Taylor et al (1980)
Source: RHO-BWI-5A-80 (1981), Flg. 5

Property class:
Materlial:
Formation:
Location:
Condtttlon 1:
Condltion 2:
Condltion 3:
Property/units:
ranges from:
to:

as:

ranges from:

Bentonlte and Sand

Young's modulus
{b)
Wyoml ng

Young's modulus (MPa)
ca, 45

60

Clay content (wt, %)
10 to: 50

Reference: Taylor et al (1980)
Source: RHO-BW!-~SA-80 (1981), Flg, 9

Property class:
Materlal: Clay
Formatlon:
Locatlon:
Condltlion 1:
Condltion 2:
Condlition 3:
Property/unlts:

rangsas from:

to:

as:

ranges from:
Refsrance: -

Young's medulus

Blue Clay
| taly

Young's medulus (elastic
modulus) (MPa)
300

- tor -

Source: Rad Waste Management and Nuclear Fual

Cycle v.6

Property class:
Materlal: Clay
Formation:
lLocatton:
Condltion 1:
Condltion 2:
Condltion 3:
Property/units:

ranges from:

to:

as:

ranges fiom:
Reference: -~

(1985), p. ™
Young's modulus

Boom Clay
Belglum

Young's modulus (elastlc
modulus) (MPa)
170

- to: -~

Source: Rad Waste Managemesnt and Nuclear Fus!

Cycle v,

6 (1985}, p., 54

Property class:
Materlal:
Formation:
Location:
Condltlon 1:
Condltion 2:
Cond{tion 3:
Property/unlts:
ranges from:
To:

as:

ranges from:
Refarence:
Souice:

Property class:

Metheriand et al
ORNL /Sub/84~-64794 /1

Young's modulus

Ol'l Shales

Hlgh grade

Young's modulus (MPa)

7,000 (7 x 10(3))
17,500 (1,75 x 10(4))
- Tor -

(1975)
(19853, p. 348

Young's modulus

Mater!a!: Oll Shales

Formatlon:
Location:
Condition 1:
Cond!tlon 2:
Condttlon 3:
Property/unlts:
rangas from:
to:

as:

ranges from:
Raterence:

Property class:
Materlal: Shale
Formation:
Locat!ton:
Condltion 1:
Condttlon 2:
Condlitlon 3:
Property/unlts:
ranges from:
to:
as:
ranges from:
Reference: -

Netharland et al
Source: ORNL/Sub/84-64794/1

Lows grade

Young's modulus (MPa)
>21,000 ( 2,1 x 10(4))

- tor =
{1875)
(1985), p, 348

Young's modulus

Arnhelm and Waynesviile Fms
Ohlo

Ordoviclan

Intact

Young's modulus (psl)

19 x 10(6) (1 x 10(4) MPa)

- to: -

Seurce: Y/C4!l/TM36/6 (1978), p, 5-14

Proparty class:
Material: Shals
Formation:
Location:
Condltlon 1:
Conditlon 2:
Condi tlon 3:
Property/units:
ranges from:

to:

as:

ranges from:
Reference: -

Young's modulus

Chagrlin Shale

Ohio

Devonlan

Intact

Young's modulus (psl)

1.7 x 10(5) (1,2 x 10(3)
Mra)

= to: ~

Source: Y/OW!/TM36/6 (1978}, p, 4-12



Property class:
Materlal:
Formatlion:
Locat!lon:
Condltion 13
Condlitlon 2:
Condition 3:
Property/unlts:

ranges from:
to:
as:
ranges from:

Shale

Young's modulus

Hucknali Shale

Intact

Young's modulus (elastlic
modutus) (psl x 10(6))
1,48 (1 x 10(4) WPa)

- to: -

Rgference: Hobbs (1970)
Source: Y/OwWl/TM36/6 (1978), p, 6~3

Property class:
Materlal:
Formatlon:
Locatlon:
Condition 1:
Condltion 2:
Condltlon 3:
Property/unlts:
ranges from:

to:

as:

ranges from:
Reference: -

Shale

Young's modutus

Plerre Shale

Intact

Young's modulus {(psl)
1.4 x 10(5) (9.7 x 10(2)
MPa)

~ to: -

Source: Y/OWi/TM36/6 (1978), p, 3-24

Property class:
Materlal: Shale
Formation:
Locatlon:
Condition 1:
Condltlon 2:
Condltlion 3:
Property/unlts:

ranges from:
to:

as:

ranges from:
Reference: Abael

Young's modulus

Plerre Shale
Great Plalns

Young's modulus (slastlic
modulus) (pst x 10(6))

0,02 (1.4 x 10(2) MPa)
0.014 (9.6 x 10(1) Wa)
- to: -

and Gentry (1975)

Source: ORNL/Sub/B4-64794/1 (1985), p, 293

Property class:
Materlal: Shale
Forma+tlon:
Location:
Condition 1:
Condttlon 2:
Condltion 3:

Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Young's modulus
(a)

Room temperature

159

Conflning pressure = 0~20 MPa
Brittle~to-ductlle transit{on

pressure

Young's modulus (MPa)
10

32

- to: -

Source: ORNL-6241/¥1 (In preparation) p. 47

Property class: Young's modulus
Materlal: Shale (b)
Formation: -
Location: ~
Condltlon 1: Room temperature
Condltion 2: Conflnlng pressure = <100 MPa
Condltion 3: Brittis-to-duct{le trans{tlon
prassure
Property/unlts: Young's modulus (MPa)
ranges from: 10
to: 32
as: -
ranges from: -~ to: -
Reference: -~
Source: ORNL-6241/¥1 (In preparatlon) p, 47

Property class:
Materlal: Shale
Formatlion:
Locatlon: -
Condttlon ': iIntact
Condltlon 2: -
Condltlon 3: -

Young's modulus
()]

Property/units: Young's modulus (ps!)
ranges from: 2 x 10(3) (1,4 x 10(1) MPa)
to: 6,4 x 10(6) (4.4 x 10(4)
MPa)
as: -
ranges from: - to: -

Reference: -
Source: Y/OWI1U/TM36/6 (1978), p. 2-2

Property class: Young's modulus
Materlal: Shale (d)
Formation: -

Locatlon:
Condltion 1:
Condltlon 2:
Condltion 3:

Property/unlts:
ranges from:

Typlcal 1lIltic shale
Intact

Young's modulus (psl)
1.6 x 10(6) (1,1 x 10(4)

MPa)
to: -

as: -
ranges from: - to: -

Reference: -
Source: Y/OWI/TM36/6 (1978), p. 7-8

Property class: Young's modulus
Materlal: Shales (a)
Formation: -
Locat{on: -
Condlition 1: Tested at room temperature
Condlt{on 2: "Dry" speclmens
Condltlon 3: Flfty data polnts

Property/units: Young's modulus (GPa)
ranges from: 9,9 (9,9 x 10(3) MPa)
to: 31,7 (3,17 x 10(4) MPa)
as: -
ranges from: - to: -

Reference: -
Source: ORNL-6241/V3 (In preparation) p, 110
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Property class: Young's modulus
Material: Shales (b)
Formation: -
Location: -
Condition 1: -
Condition 2; -
Condition 3: -
Property/units: Young's modulus (Pa x 10(10))
ranges from: ! (1 x 10(4) MWPa)
to: 500 (5 x 10(6) MPa)
as: Depth (m)
ranges from: 0 to: 6,000
Reference: Thres refs
Source: ORML-6241/V2 (in preparation) p, 199

Property class: Young's modulus
Mateirlal: Shales (c)
Formation: -~
Location: Various
Condition t: Various formations, depths,
etc,
Condition 2: Repressnts many tasts
Condition 3: -
Property/units: Young's modulus (pst)
iranges from: 0,0020 x 10(6) (1.4 x 10(1)
MPa)
to: 15,0 x 10(6) (1 x 10(5)
MPa)
as: «
ranges from: -~ to: ~
Reference: Fourtesn refs
Source: Y/OW!/TM36/6 (1978), p. A~8,9
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Property class:

163

Heat capacity

Property class:

Heat capaclty

Material: Clay Material: Shale (b)
Formation: Blue Ciay Formation: -
Location: ltaly Location: -
Condition 1: - Condition V: -
Condition 2: - Condition 2: -
Condition 3: - Condition 3: -
Property/units: Speclific heat (J/KgK) Property/units: Heat capaclty (J/Kg-K)

(speciflic heat capaclity)

ranges from:

7.12 x 10(2)

ranges from: 9,21 x 10(2) to: 1,170 x 10(3)
to: ~ as: -
as: - ranges from: - to: -
ranges from: - to: - Reference: -

Reference: ~

Source: ORNL-6241/V3 (in preparation) p, 345
Source: Rad Waste Management and Nuclear Fuel

Cycle v, 6 (1985), p, 54

Property class:
Material: Clay
Formation:
Location:
Condition 1:
Condlition 2:
Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Referesnce: -~

Heat capacity

Boom Clay
Baligium

Speclfic heat (J/Kg-K)
(speclific heat capacity)
9,21 x 10(2)

~ to: -

Property class:
Material: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condlition 3:
Property/units:

ranges from:
to:
as:
ranges from:

Heat capaclty
()

-

Specific heat (J/Kg~deg C)
(speclific heat capaclty)
(J/Kg=K)

7.96 x 10(2)

- to: -~

Reference: Loken, M, (personal communication)
(1984)

Source: Rad Waste Management and Nuclear Fuel
Cycle v, 6 (1985), p, 54

Source: ORNL-6241/VZ (in preparation) p, 99

Property class: Heat capaclty

Property class:
Materlal: Shale
Formation:
tocation:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:
as:
ranges from:
Reference: ~

Heat capaclty

Typical fllitic shale
tntact

Heat capaclty (BTU/{b-deg F)
0,20 (8.4 x 10(2) J/KgX)

- to: -

Source: Y/OW|/TM36/6 (1978), p, 7-8

Property class:
Material: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:
as:
ranges from:
Raference:; -

Heat capacity
(a)

Heat capaclty (J/Kg—K)
5.5 x 10(2)
1,042 x 10(3)

- to: -

Source: ORNL~6241/V1 (in preparation) p., 40

Material:
Formation:
Location:
Condition 1:
Condition 2:
Condltion 3:
Property/units:
ranges from:
to:

as:

ranges from:

Re ference:

Shales (a)

Two tests

Heat
a,16
0,20

- to; -

capaclty (BTU/lb-deg F)
6,7 x 10(2) J/Kg=K)
(8.4 x 10(2) J/Kg—K)

Two refs
Source: Y/OMl/TM36/6

(1978), p. A-19

Property class: Heat capaclty
Material: Shales (b)
Formation: ~
Location: -

Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -~

Source: ORNL-6241/V3 (in preparation) p,

Specific heat (J/Kg=K)
(speclific heat capacity)
5.50 x 10(2)

1.042 x 10(3)

~ to: -~

115



Property class:
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Linear expansion

Materlal: Argillite

Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Eieana Arglillite

Natura! state

Contracts up to ca, 100 deg C
Expands from 100 to 500 deg C
Cosfficlent of linear expan-
sfon (deg C(~1)) (K(~1))

B x 10(~6)

15 x 10(-6)

- to: -

Source: Proc NEA Workshop OECD (197%b), p, 77

Property class:
Material:
Formation:
Location:
Condlition t:
Conditlion 2:
Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Referonce: ~-

Linear expansion

Shale (a)

Intact

Coefficlent of linear thermal
expansion (deg F{-1))

4 x 10(-6) (2,2 x 10(~63
K(-1))

-

- to: -

Source: Y/Cdl/TM36/6 (1978), p, 2-2

Property class:
Material:
Formation:
Location:
Conditlon 1:
Conditlon 2:
Condition 3:
Property/untts:

ranges from:

to:

as:

ranges from:
Reference: =

Shale

Linear expansion
()

Typical 1llitic shale
Intact

Cosfflcient of l|linear tharma!
expans lon (horizontal) (dsg
F(-1))

4,5 x 10(~-6)
K(-1))

(2.5 x 10(-6)

~ to: -

Source: Y/OW!/TM36/6 (1978), p. 7-8

Property class:
Material:
Formatlon:
Locatlion:
Condition 1:
Conditlon 2:
Condition 3:
Property/units:

ranges from:

to:

as:

rangas firom:
Reference: -~

Linsar expansion

Shale (c)

Typical 1llitic shale

Intact

Cosfficlient of |inear thermal
expansion (vertical!) (deg
F(~-1))

9 x 16{~6)
K(~1))

(5 x 10(-6)

- tor ~

Source: Y/QWi/TM36/6 (1978), p, 7-8

Property class:
Material:
Forimation:
Location:
Condlition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:

fo:

a52

ranges from:
Reference: -~

L. insar expansion

Shales (&)

Eight samples

Coefticient of tinear thermal
expanslion (K(-1))

2,5 x 10(-6)

15,8 x 10(=-6)

~ to: =

Source: ORNL-6241/V3 (in preparation) p. 345

Property class:
Materlal:
Formation:
Locatlion:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:

to:

as:

rangss from:
Reference: -

L ingear expansion

Shales (b)

Eight data polnts

Cosfficient of therma!l
expansion (K(~1))

2,9 x 10(-5)

12,9 x 10(-6)

- to: -

Source: ORNL-6241/V1 (in preparation) p. 47

Property class:

Therma! conductivity

Material: Argllilite (a)

Formation:
Location:
Condlition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:

E leana

At or above 100 deg C
Parailel to layering

Therma! conductivity (matrix)
(W /m~-deg C) (W /m~)

ca, 1,80

- tor -~

Referance: Clark (1966)
Source: Proc NEA Workshop OECD (1979b), p. 87

Preoperty class:

Therma! conductivity

Matorlal: Arglllite (b)

Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/unlts:

ranges from:
to:
as:
ranges from:

Eleana

At or abovs 100 deg C
Perpendicular to layering
Thermal conductivity (matrix)
(W /m-deg C) (W/mK)

ca, 1,48

~ to: -

Refarence: McVYay ot al (1979) N
Source: Proc NEA Workshop OECD (1979b), p. 87
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Property class: Thermal conductlivity
Matertal: Arglilllte (c)
Formation: Eleana Argllilite
Location: Nevada
Condition 1: Temperature from 25 to 400
deg C
Condition 2: Many tests
Condition 3: -
Property/units: Thermal conductivity (W/mK)
ranges from: 1,28
to: 2,7
as: -
ranges from: - to: -
Retference: Two refs
Source: ORNL~6241/V3 {in preparation) p. 341,
342

Property class: Thermal conductivlty
Material: Bentonite (a)
Formation: -

Location:
Condition 1:
Conditlon 2:
Conditfion 3: -

Property/units: Heat conductlivity (W/m-deg C)
(therma! conductivity)
(W/m-K)
ranges from: 0,5
to: 2,0
as: Water content (%)
ranges from: 4 to: 20-30
Retference: -~
Source: KBS TEKNISK RAPPORT 9 (1977), p, 8

S0% quartz

Property class: Thermal conductivity
Material: Bentonite (b)
Formation: -
Location: -
Condition 1: Pressed at 50 to 100 MPa
Condition 2: Water content ca, 10%
Condition 3: Density (bulk) = 2,1 +/m(3)
Property/units: Thermal conductivity

(W/m-deg C)  (W/m¥)
ranges from: ca, 0,75
to: -
as: -
ranges from: -~ to: -
Reference: -
Source: Proc NEA Workshop OECD (1979b),
p. 148

Property class: Thermal conductivity
Materlal: Bentonlte (c)
Formation: -
Location: -
Condition 1: Avongel or Wyomlng
Condition 2: Mixed with varyling amounts of
sand, crushed granite, etc,
Condition 3: Ten tests under molst

conditions
Property/units: Thermal conductivity
(W/m-deg C)  (W/mK)
ranges from: 0,7
to: 3.0
as: -
ranges from: - to: -~

Reference: -
Source: Proc NEA Workshop OECD (1981), p, 342

Property class: Therma! conductivity
Material: Bentonlte (Ca)
Formation: =~
Location: -
Condition 1: Various pressing forces
(21-138 MPa)
Condition 2: Alr saturated
Condition 3: Temperature ca, 25 deg C
Property/units: Thermal conductivity
{W/m~deg C) (W/mK)
ranges from: 0,71
to: 1,10
as: Density (g/cm(3))
ranges from: 1,60 to: 2,13
Reference: -
Source: PNL-4452 UC-70 (1983), p, 20

Property class: Therma! conductivity
Materlal: Bentonite (d)
Formation: -
Location: ~
Condition 1: Avonge! or Wyoming
Condition 2: Mixed with varying amounts of
sand, crushed granite, efc,
Condition 3: Ten tests under dry
conditions
Property/units: Thermal conductivity
(W/m-deg C) (W/m=)
ranges from: 0,5
to: 1,0
as: -
ranges from:
Reference: -
Source: Proc NEA Workshop OECD (1981}, p, 342

- to: ~

Property class: Therma! conductivity
Material: Bentonite (e)
Formation: -~
Location: -
Condition 1: 100% water saturated
Condition 2: *Compactedt
Conditlion 3: -
Property/unlts: Thermal conductivity
(W/m-deg C)}  (W/m-K)
ranges from: 0,9
to: 1,3
as: Temperature (deg C)
ranges from: "slightly >73" to: -
Reference: Knutsson (1977)
Source: ONW!-486 (1983), p, 63

Property class: Thermal conductivity
Materifal: Bentonlte (f)
Formation: -
Locatlon: -
Condition 1: Denslity = 1,6~-2,0 +/m(3)
Condition 2: Water content 5-i6 §
Condition 3: -
Property/units: Thermal conductivity
{(W/m~deg C) (W/mK)
ranges from: 1
to: 3,5
as: -
ranges from: - to: ~
Reference: Roy (1982)
Source: ONwl-486 (1983), p, 63
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Property class: Thermal conductivity
Material: Bentonite (g)
Formation: -
Location: Wyoming
Condition 1: Constant density
Condition 2: -
Condition 3: ~
Froperty/units: Thermal conductivity
(W/m~deg C) (W/mK)
ranges from: ca, 0,0
to: ca, 1,2
as: Molsture content (%)
rangss from: ca, 0 to: ca, 20
Reference: -
Source: Proc NEA Workshop OECD (1981), p, 334

Property class: Therma!l conductivity

Material: Bentonite (h)
Formation: ~
Location: Wyoming

Condition 1:
Condltlon 2:

Density = 2,0 t/m(3)
66% water saturation

Condlitlon 3: At 73 deg C
Property/units: Thermal conductivity
(W/m~-deg C) W/m-H)
ranges from: 0,78
to: -
as: -
ranges from: -~ to: -

Reference: -
Source: ONWI-486 (1983), p, 61

Property class: Therma! conductivity
Material: Bentonlite (Na)
Formation: ~
Location: -
Condition 1: Various pressing forces
(21-90 MPa)
Alr saturated
Temperature ca, 25 deg C

Condition 2:
Condition 3:

FProperty/units: Therma! conductivity
(¥/m-deg C) (W/mK)
rangss from: 0,52
to: 0,96

as:

rangss from:
Reference: -

Sourca: PNL-4452 UC~70 (1983), p, 20

Density (g/cm(3))
1.70 to: 2,25

Property class: Therma! conductivity
Materfal: Bentonlte and Crushed Granite (a)
Formation: -
lL.ocation: Wyoming
Condition 1: -
Condition 2: ~
Condition 3: -
Property/units: Thermal conductivity
(W/m~deg C) (W/m¥3
ranges from: 2,7
to: 0.8
as: Clay content (%)
ranges from: ca, 20 to: 100
Raference: -
Source: Proc NEA Workshop OECD (1981), p, 334

Property class:

Thermal conductivity

Materlal: Bentonite and Crushed Granlte (b)

Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Wyomlng

50% bentonite
Constant density
Therma! conductivity
(W/m~deg C) (W /m=K)
ca, 0,6

ca, 1,5

Moisture content (%)
ca, 0 to: ca., 16

Source: Proc NEA Workshop OECD (1981), p. 334

Property class:
Material:
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:

Property/units:
ranges from:
to:

as:

ranges from:
Reference:

Therma!l conductivity

Bentonite and Salt (a)

30:70 bentonlite:salt

10 MPa axial stress

Density (dry) = 1,67~1,71
t/m{3)

Therma! conductivity (W/m-K)
1,12

0.99

Temperature (deg C)

89 to: 250

Molecke (1982)

Source: ONWi-486 (1983), p, 53

Property class:

Material: Benton

Formatlon:
Location:
Condition 1:
Condition 2:
Condition 3:

Property/units:
ranges from:
to:

as:

ranges from:

Therma! conductivity
ite and Salt (b)

30:70 bentonite:salt

10 MPa axlal stress

Density {(dry) = 1,67-1,71
+/m(3)

Thermal conductivity (W/m-K)
1.01

1,12

Temperature (deg C)

21 to: 89

Reference: Molecks {19282)
Source: ONW!-486 (1983), p, 53

Property class:

Thermal conductivity

Material: Bentonite and Sand (a)

Formation:
Location:
Condition 1:

Condition 2:
Condition 3:
Property/units:

Bentonite:sand from 10:90 to
20:80
¥Water content 5-30%

Thermal conductivity
(W/m—deg C) (W/m=K)

ranges from: 0,5

toz
as:
ranges from:

2,0

- to: -

Reference: Fagerstrom and Lundahle (1977)
Source: OMW!-486 (1983), p, 63



Property class:
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Thermal conductlvity

Matertal: Bentonlte and Sand (b)

Formation:
Location:
Condition 1:
Condlition 2:

Condition 3:

Property/units:
ranges from:
to:

as:

ranges from:

Dry mixtures with sand
Denslty (dry) = 1,98-2,12
t/m(3)

Temperature range 25 to 300
deg C

Thermal conductivity (W/m-K)
0.58-0,80

1,06~1,17

Wt % sand

0 to: 50

Reference: Molecke (1982)
Source: ONW!-486 (1983), p, 53

Property class:
Materiat: Ciay
Formation:
Locatlon:
Condltion 1:
Condlition 2:
Condition 3:

Property/units:

ranges from:

to:

as:

ranges from:
Reference: =

Thermal conductivity

S. Paolo mine

Cublic block, 80-cm edge
Pllo-Pletstocene

Dominantiy illite plus lesser
smactite, kaotinite and
chlorlite

Thermal conductivity

(W/m-deg C) (W/m~K)
0,014 (1,4 ¥W/mXK)
0.016 (1,6 W/m-)
- tor -

Source: ORNL-tr-5110 (1981}, p, 12

Property class:
Materlal: Clay
Formation:
Location:
Condition 1:
Condlition 2:
Condition 3:
Property/units;
ranges from:
to:
as:
ranges from:
Reference: -

Therma! conductivity

Blue Clay
Italy

Therma! conductivity (W/m-K)
1,5

- to: ~

Source: Rad Waste Management and Nuclear Fuel
Cycle v, 6 (1985), p, 54

Property class:
Matarial: Clay
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/unlts:
ranges from:
to:
as:
ranges from:
Reference: -

Therma! conductivity

Oxford Ciay
England

Thermal conductivity (W/mK)
1,56

~ to: -

Source: Rad Waste Management and Nuclear fuel
Cycle v, & (1985), p. 54

Property class:

Thermal conductivity

Material: Cilay (a)

Formation:
Location:
Condlition V:
Condition 2:
Conditton 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Boom Clay
Belgium
At or above 100 deg C

Thermal conductivity (matrix)
(W/m-deg C)  (W/m-K)
ca, 0,3

- tor -

Source: Proc NEA Workshop OECD (1979b), p, 87

Property class:

Therma! conductivity

Materfal: Ciay (b)

Formation:
Location:
Condition 1:
Conditlon 2:
Condition 3:
Property/units:
ranges from:
to:

as:

ranges from:

Boom Clay
Beliglum

-

Thgrma! conductivity (W/mK)

L]
-

-~

=~ to: -

Reference: Two refs
Source: Rad Waste Management and Nuclear Fuei
Cycle v, 6 (1985), p, 54

Property class:

Thermal conductivity

Material: Claysy Sandstones

Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/unlts:

ranges from:
to:
as:
ranges from:

40 to 57 £ clay by volume
15 to 20% porosity

Heat conductivity
(mll1lcal/cm-s-deg C)
(therma! conductivity)
2,5 (1,05 W/mK)

- to: -

Raference: Zierfuss (196%)
Source: Y/OWI /SUB-7009/1 (1976), p, 23

Property class:

Therma! conductivity

Material: Hectorite

Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:

tTo:

as:

ranges from:
Reference: -

90% quartz

Therma! conductivity
(W/m~deg C)  (W/m-K)
0,5

2 to 3

Water content
Dry to: Fuily saturated

Source: ONWI-312 (1981), p, 18



Property class:
Material:

Location:
Condition 1:
Condition 2:
Condition 3:

Proparty/units:

rangss from:

to:

as:

ranges from:
Reference: -
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Therma | conductivity

11lite (a)
Formation:

Sealbond

Constant density
Therma! conductivity
(W/m-deg C) (W/m~iC)
ca, 0,6

ca, 1,6

Moisture content (%)
ca, 0 to: ca, 10

Source: Proc NEA Workshop OECD (1981), p. 336

Property class:
Material:
Formation:
Location:
Condition 1:
Condition 2:

Condition 3:
Property/units:

ranges from:

to:

as:

rangss from:
Reference: -

Thermal conductivity

Illtte (b)

Sealbond

Mixed with varying amounts of
sand, crushed granite, etc,
Four tests under molst
conditions

Therma | conductivity

(W/m-deg C) (W /m—K)

1.4

4.0

- to: ~

Scurce: Proc NEA Workshop OECD (1981), p. 342

Property class:
Material:
Formation:
Location:
Condition 1:
Condition 2:

Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Thermal conductivity

tiltite (c)

Sea i bond

Mixed with varylng amounts of
sand, crushasd granlite, stc,
Four tests under dry
conditions

Thermal conductlivity
(¥ /m=-deg C) (W/m-K)
0.8

1.8

- to: -

Source: Proc NEA Workshop QECD (1981), p. 342

Froperiy class:
Materlal:
Formation:
Location:
Condlition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Therma! conductivity

!1lite and Crushad Granlte

Sealbond

S0 tllite

Constant density
Thermai conductivity
(W/m-dag C} (W /m~K)
ca, 0,9

Ta 109

Molsture content (%)
ca, 0 to: ca, 10

Source: Proc NEA workshop OECD (1981), p. 336

Property class:
Materlal:
Formation:
Location:
Condition 1:

Condition 2:

Condition 3:
Property/units:

ranges froim:

to:

as:

ranges from:
Reference: -~

Thermal conductivity

Kaollnite (a)

Mixed with varying amounts of
sand, crushed granite, etc,
Fouir tests under molst
condltions

Tharmal conductivity
(W/m~deg C) (W /m~K)
1.7

3.5

- to: -

Source: Proc NEA Workshop OECD (1981), p, 342

Property class:
Material:
Formation:
Location:
Condition 1:

Condition 2:

Condition 3:
Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Thermal conductivity

Kaolinite (b)

Mixed with varying amounts of
sand, crushed granite, atc.
Four tests under dry
conditions

Therma! conductivity

(W/m~deg C) W/m=K)
0,9

2,0

- for =

Source: Proc NEA Workshop OECD (1981), p, 342

Property class:
Material:
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:

to:

as:

ranges froms
Reference: -

Therma! conductivity

Kaolinite and Crushed Granlte

1

Thermal conductivity
(W/m~deg C) (W/mK)
3.4

2.3

Ciay content (%)

ca, 20 to: ca. 50

Source: Proc NEA Workshop OECD (1981), p, 334

Property class:
Materlal: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/unlts:
ranges from:
to:

as:

ranges from:

Thermal conductivity

Kansas

Core | and 2

Temparature 20 deg C

Therma! conductivity (W/m-K)
0,7

4,3

- to: -

Reterence: Zlerfuss (1969)
Source: ORNL-6241/Y3 (in preparation) p. 343
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Property class: Thermal conductivity
Material: Shale
Formatlion: -~
Location: South Africa
Condition 1: Temperature 25 deg C
Condition 2: -
Condition 3: -
Property/unlits: Thermal conductivity (W/m-K)
ranges from: 2,76
tor -
as: -~
rangas from: - to: -
Reference: Clark (1941)
Source: ORNL~6241/V3 (in preparation) p, 343

Property class: Thermal conductivity

Material: Shale
Fermation: Karoo Shale
Locatlon: Orange Free State

Condition 1: Temperature 35 deg C
Condition 2: -
Condition 3: -
Property/units: Thermal conductivity (W/m-K)
ranges from: 1,97
to: 2.89
as: -
ranges from: - to: ~
Retarence: Boch (1971)
Source: ORNL~6241/V3 (in preparation) p, 341

Property class:
Materlal: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condition 3: -
Property/units: Therma! conductivity (W/m¥}

Therma! conductivity

Nonesuch Shale
Michlgan
Temperature 30 deg C

ranges from: 2,64
to: -
as: -
ranges from: - to: -

Reference: Krelg (1983)
Source: ORNL~6241/V3 (in preparation) p, 341

FProperty class: Therma! conductivity
Material: Shale
Formation: Pierre Shale
Location: -
Condltion 1: Temparature 0 deg C
Condition 2: Two tests
Condltion 3: -
Property/units: Therma! conductivity (W/m-K)
ranges from: 1,42
to: 1,94
as: -
ranges from: - to: -
Rafarence: Woodside (1961)
Source: ORNL-6241/Y3 (in preparation) p, 341

Property class: Thermal conductivity
Material: Shale (a)
Formation: -
Location:
Conditlon 1: Triassic
Condition 2: Five tests
Condltion 3: -~
Property/units: Thermal conductivity
(mi)lica!/cm-s-deg C)

England

ranges from: 2,2 (9,2 x 10(-1) W/m¥K)
to: 5,3 (2.22 W/m—K)}
as: -

ranges from: - to: -

Reference: Bullard and Niblett (1951)
Source: Y/OW!/SUB-7009/1 (1976), p., 26

Property class: Thermal conductivity
Material: Shale (b)
Formation: -~
Location: -
Conditlon 1: Typlcal Illitic shale
Condition 2: Intact
Condition 3: -
Property/units: Thermal conductivity
thorizontal) (BTU/hr~ft-dsg
F)
ranges from: 1,1
to: -
as: -
ranges from: =~ to: -
Reference: -
Source: Y/OW)/TM36/6 (1978), p. 7-8

(1,9 W/mK)

Property class:
Material: Shale
Formation:
Locatlion: -
Condition 1; -
Condition 2; -~
Condition 3: -
Property/units: Thermal conductivity
(horlzontal) (J/s m-deg C)
(H/m=K}
1,89

Therma! conductivity
(c)

ranges from:
tos:
as: -
ranges from: ~ to: -
Reference: Loken, M, (personal communication)
(1984)
Source: ORNL~-6241/VZ (in preparatlon) p, 99

Property class: Therma! conductivity
Materlal: Shale (d)
Formation: ~
Location: -

Condition 1: -~

Condition 2: -

Condition 3: -
Property/units: Thermal conductivity
thorlzontal} (W/m=K)
1,52
2.26

ranges from:

to:

as:

ranges from:
Reference: -

Source: ORNL-6241/V1 (in preparation)

- to: -

p. 40



lroperty class:
Materlal: Shale
Formation:
Location:
Condition 1:
Condition 23
Condiflion 3:
Property/units:

ranges from:

to:

as:

rangas from:
Reference: ~
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Therma! conductivity
(e)

Typica! tllitic shale

intact

Tharma! conductivity
(vertical) (BTU/hi~ft-deg F)
0.8 (1,4 ¥/m¥)

s

[Ro2 S

Source: Y/O®l /TM36/6 (1978}, p. 7-8

Froperty class:
Matarial: Shale
Formation:
Locatlion:
Condition 1:
Condition 2:
Condition 3:
Property/units:

iranges from:

to:

as:

rangas from:
Reference: ~

Therma! conductivity
(f)

Therma! conductlvity
(vertical) (¥/mK)
1,21

1,57

- to: ~

Source: ORNL-6241/V1 (in preparation) p. 40

Property class:
Materlal: Shale
Formation:
Locatlion:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:
to:
&8s:

ranges from:

Therma! conductivity
(g}

Thermal conductivlity ratio
(vertical/horizontal}
0,76

- fo: -

Reference: Lokan, M, (personal communicatlion)
(1984)
Source: ORNL-5241/V2 (in preparation) p, 99

Property class:
Materlial: Shale
Formation:
Location:
Condition 1:
Conditlon 2:
Condition 3:
Property/units:

rangess from:
to:

as:

ranges from:
Reference:

Thersal conductivity
(h)

England
Carbonliferous

Elever tests

Thermal conductivity
(ml}iical/cm-s-deg C)
3.0 (1,26 wW/m-K)
4,3 (1,80 W/m¥)

-

- to: =

Bullard and Niblett (1951)

Source: Y/O®i/SUB-7009/1 (1976), p. 26

Property class:
Materlal: Shale
Formation:
Location:
Condition 1:
Condltion 2:
Condltion 3:
Property/units:
ranges froms
tos

as:

ranges from:
Refsrence: Boch

Thermal conductivity

(1)

England

Carboni ferous

Tempsrature 20 deg C

Therma! conductivity W/m-K)
1,26

1,80

- to: -

(971

Source: ORNL-6241/V3 (in preparation) p, 341

Proparty class:
Materlal: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property /units:
ranges from:
to:

as:

ranges from:
Reference:

Therma! conductivity
5

Massachusetts
Tomperature 45 deg C

Therma! conductivity (¥W/m-K)
1.62

- to: =

Eckert (1959}

Source: ORNL~6241/V3 (in preparation) p. 34!

Property class:
Material: Shale
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:

Retarence:
Source:

Property class:
Material: Shals
Formation:
Locatlon:
Condition 1:
Condition 2:
Condlition 3:
Property/unlts:

rangss from:
to:
as:

ranges from:

Thermal conductivity
k)

Sunderland, MA
Density (bulk) = 2,67

Therma! conductivity
(mitilcal/cm-s-deg C)

3,87 (1,62 W/m-K)

4,25 (1,78 W/m=K)
Wetting and compresslion
Dry, uncompressed to: Wet,
compressed

Clark (1941)
Y /%1 /SUB~T7003/1

(1976), p. 28

Thermal conductivity
o)
Conasauga Shale

At or above 100 deg C
Calcareous

Thermal conductivity (matrix)
(W/m~deg C) W /m—~K)

0,7 10 2.1

-

- to: -

Refarence: Two refs
Source: Proc NEA Workshop OECD (19795), p. 87
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Property class: Therma! conduct!vity
Materlal: Shale (m)
Formatlion: Conasauga Shale
Locatlon: -
Condltion 1: Temperature from 66 to 326
deg C
Condltion 2: Several tests
Condition 3: -
Property/unlts: Thermal conductivlity (W/m-}
ranges from: 0,715
to: 2,20
as: -
ranges from: -~ to: -
Reference: Robertson (1979)
Source: ORNL-6241/V3 (In preparatlion) p, 340

Property class: Thermal conductivity
Materlal: Shale (n)
Formatlon: -
Locatlon: -
Condltion 1: Typlcal llllte shale
Condltion 2: Temperature 25 deg C
Condttion 3: ~
Property/unlts: Thermal conductlivity W/m-K}
ranges from: 1,38

to: 1,9
as: -
ranges from: - to: -

Reference: Zerby (1977)
Source: ORNL-6241/¥3 (in preparation) p, 341

Property class: Thermal conductivity

Matertal: Shales
Formation:
Locatlion:
Condltion 1:
Condt¥ion 2:

Condition 3; -

LI T I

Property/unlts: Therma! conductivity (vertlcal)

(W/m-K3
ranges from: 1,21
to: 1,57
as: -
rangss from: ~ to: -~
Reference: -~
Source: ORNL~6241/V3 (In preparation) p, 115

Property class: Tharmal conductivlty
Materlal: Shales
Formatlon: -
Locatlon: =
Condltion 1: Temperature from 0 to 304
deg C
Condltion 2: -
Condltion 3: ~
Property/unlts: Thermal conductivity (W/m-K)
ranges from: 1,47
to: 2,00
as: -
ranges from: -~ fo: -
Reference: Moss (1981)
Source: ORNL-6241/¥3 (In preparatlfon) p, 340

Property class: Thermal conductivity
Materfal: Shales
Formation: -
Locatlon: Callfornla
Condltion 1: Forty-flve tests
Cond{tlon 2: -
Condittlon 3: -~
Property/unlts: Thermal conductivity (W/m=K)
ranges from: 0,99 +/- 0,3
to: 1,63 +/- 0,3
as: ~
ranges from: ~ to: -
Reference: Thomas {1973)
Source: ORNL-6241/¥3 (In preparation) p. 341

Property class: Thermal conductlivity
Material: Shales (a)
Formatlon: -
Location: ~
Condltion 1: -~
Condltion 2: -
Conditton 3: -
Property/unlts: Thermal conductivity
(horlzontal) (W/mK)
ranges from: ca, 1,60
tor ce, 2,20
as: -
ranges from: ~ to: -
Reference: -
Source: ORNL-6241/V3 (ln preparation) p., 117

Property class: Thermal conductivlty
Materfal: Shales (b)
Formatlion: -
Locatlon: Various
Conditlon 1: Various formatfons, depths,
etc,
Condltlon 2: Represents many tests
Condition 3: ~
Property/untts: Therma! conductivity
{BTU/f+-hr-deg F)
ranges from: 0,34 (5,9 x 10(-1) W/m-K}
to: 1,77 (3,1 W/m=K}
as: -
ranges from: - to: ~
Reference: Severa!l refs
Source: Y/OWI/TM36/6 {1978}, p. A-18

Property class: Thermal conductiv!ty
Materlal: Slit/Ciay Soli (a)
Formation: -
Location: -
Condltion 1: Density (bulk) = 1,74 +/m(3)
Condltlon 2: -
Condition 3: -
Property/units: Thermal conductivity
(W/m-deg C}  (W/m-K)
ranges from: 0,8
to: 2,0
as: Water content (%)
ranges from: 4 to: 15
Reference: Mitchel! (1976
Source: ONWI-486 (1983), p. 54



Property class: Therma! conductivity
Material: SI1t/Clay Soll (b)

Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from;
to:
as:
ranges from:

Density (bulk) = 1,02 t/m(3)

Therma! conductivity
(W/m-deg C)
0.4

0.85

Water content (%)
8 to: 35

Reference: Mitchel!l (1976)
Source: ONW!-486 (1983), p., 54

Property ctlass:

Therma!l conductivity

Materfal: Si1t/Clay Soil (c)

Formation:
Locatlon:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:
To:
as:
ranges from:

Density (bulk) = 1,16 +/m(3)

Thermal conductivity
(W/m~deg C) W /mK)
0.5

1.1

Water content (%)

7 to: 40

Reference: Mitchell (1976)
Source: ONW!-486 (1983), p, 54

Property class:

Therma! conductivity

Material: Sit4/Clay Soll (d)

Formation:
Location:

Condition 1: Density (bulk) = 1,31 +/m{3)

Condlition 2:
Condition 3:
Property/units:

Therma!| conductlivity

GV

Property class: Therma! conductivity
Material: SIIt/Clay Soli (f)
Formation: -
Location:

Condition 1: Density (bulk) = 1,60 t/m(3)

Condition 2: -
Condition 3: -
Property/units: Thermal conductivity

(W/m-deg C) (W /m~K )
ranges from: 0,75
to: 1,75

as: Water content (%)
ranges from: 5 to: 20
Referenca: Mjtchell (1976)
Source: OMW!-486 (1983), p. 54

Property class: Thermal conductivity
Material: Solls
Formation: -
Location: -
Condition 1: Dry
Condlition 2: -
Condition 3: -

Property/units: Therma! conductivity (k x

10¢4)) (1)
ranges from: 3
to: 5
as: -
ranges from: - to: -
Refsrence: Smith and Byers (1938)
Source: Y/OW!/SUB-7009/1 (1976), p. 19

Property class: Thermal conductivity
Material: Solls
Formation: =
Location: -
Condition 1: Wetted
Condition 2: -
CondItion 3: -

Property/unlts: Therma! conductivity (k x

(W /m-deg C) (W/m—X) 10¢4Y) ()
rangas from: 0,6 ranges from: 3-4
to: 1.3 to: 8-17
as: Water content (%) as: Molsture content

ranges from: 6 to: 32
Reference: Mltchell (1976)
Source: ONWI-486 (1983), p, 54

ranges from: "Ory" to: 100% moisture
equivalent
Reference: Smith (1939)

Property class:

Thermal conductivity

Material: Silt/Clay Soll (e)

Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

rangss from:
to:
as:
rangas from:

Density (bulk)

Therma! conductivity
(¥ /m~deg C) (W/m-K)
0.7

1.5

Water content

6 to: 25

Reference: Mitchell (1976)
Source: ONwWl-486 (1983), p, 54

= 1,45 1/m(3)

Source: Y/OW!/SUB-7009/1 (1976), p. 19

Property class: Therms! conductivity
Material: Soils
Formation: =
Locatlon: Bristol, VA
Condltion 1: LL x PL = 2180
Condition 2: -
Condition 3:

Property/units: Thermal conductivity (Btu per
hr-sq ft) {deg F per ft) (7)

ranges from: 0,14
to: 0,50
as: Molsture content (§)
ranges from: 0 to: 30
Reference: Carter (1951)
Source: Y/Q! /SUB-7009/1 (1976), p. 20



Property class:
Materlal: Soils
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:

173

Thermal! conductivity

Columbus, MS
LL x PL = 0

Therma! conductivity (Btu per
hr sq ft) (deg F per ft) (?)
0,28

2,28
Molsture content (§)
0 to: 30

Reference: Carter (1951)
Source: Y/OW1/SUB~7009/1 (1976), p. 20

Property class:
Mataerial: Solls
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:

ranges from:
to:
as:
ranges from:

Therma! conductivity
(a)

Cleveland, TN
LL x PL = 669

Thermal conductivity (Btu per
hr sq ft) (deg F per ft) (7}
0,15

0,94

Molisture content (%)

0 to: 30

Reference: Carter (1951)
Source: Y/OW1/SUB-7009/1 (1976), p. 20

Property class:
Materlal: Solls
Formatlion:
Location:
Conditlon 1:
Condition 2:
Conditlon 3:
Property/units:

ranges from:
to:
as:
ranges from:

Therma! conductivity
(b)

Murfreesboro, TN

LL x PL = 1210

Therma! conductivity (Btu per
hr sq ft) (deg ¥ per ft) (?)
0,21

0,84

Molsture content (%)

0 to: 30

Refereance: Carter (1951)
Source: Y/OWl/SUB~7009/1 (1976), p, 20

Property class:
Material:
Formation:
Locatlon:
Condition 1:
Condition 2:
Condltion 3:

Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Thermal diffusivity

Bantonite (Na)

Dry, compacted

Density (g/cm(3)) = 2,1
Average value between 25 and
600 deg C

Thermal diffusivity (em(2)/s
x 10(3))

3,03  (3.03 x 10(-7) m{2)/s)
3,47 (3,47 x 10(-7) m(2)/s)
~ to: -

Source: PNL~4452 WC-70 (1983), p, 18, 19

Property class:
Materlal: Clay
Formation:
Location:
Condlition 1:
Condition 2:
Condition 3:

Property/units:

ranges from:

to:

as:

ranges from:
Reference: -

Thermal diffusivity

S. Paocio mine

Cubic block, 80 cm edge
Piio-Plelstocene

Dominantiy illite plus
smectite, kaolinlte and
chiorite

Thermal diffusivity (cm(2)/h)
20 (5,56 x 10(~7) m(2)/s)

- to: -

Source: ORNL-tr-5110 (1981), p., 12

Property class:
Material: Clay
Formation:
Location:
Condition 1:
Condition 2:
Condition 3:
Property/units:
ranges from:
to:
as:
ranges from:
Reference: -

Thermai diffusivity

Biue Clay
Italy

Thermal diffusivity (m(2)/s)
7.8 x 10(-7)

- to: -

Source: Rad Waste Management and Nuclear fuel
Cycle v, 6 (1985), p, 54

Property class:
Materlal: Clay
Formation:
Location:
Condlition 1:
Condition 2:
Condition 3:
Property/unlts:
ranges from:
to:

as:

ranges from:

Thermal diffusivity

Boom Clay
Belgtum

Thermal diffusivity (m(2)/s)
8.1 x 10(-7)

~ to: ~

Reference: Two refs
Source: Rad Waste Management and Nuclear Fuel
Cycle v, 6 (1985), p., 54

Property class:
Material: Solls
Formation:
Location:
Condltion 1:
Condition 2:
Condltion 3:
Property/units:

ranges from:
to:

as:
ranges from:

Thermal diffusivity

Bristol, VA
LL x PL = 2180

Therma! diffusivity (£1(2)
per hr)

0,00%90 (2.3 x 10(~-7)
m(2)/s)

0,016 (4,13 x 10¢(-7)
m(23/s)

Molsture content (%)

0 to: 30

Reference: Carter (1951)
Source: Y/OW1/SUB-7009/1 (1976), p. 21
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Property class: Therma! diffusivity
Materlal; Solls
Formation: -
Location: Columbus, MS
Condition 1: LL xPL =0
Condttion 2: -
Condition 3: -
Property/units: Therma! diffusivity (f1(2)
per hr)
ranges from: 0,016 (4,13 x 10(-1)
m{2)/s)
to: 0,046 (1,19 x 10(~7}
m{2)/s)
as: Molsture content (%)
ranges from: 0 to: 30
Reference: Carter (1951)
Source: Y/OW!l/SUB-7009/1 (1976), p. 21

Property class: Therma! diffusivity
Mzterial: Solls (a)
Formation: ~
Location: Cleveland, TN
Condition 1: LL x PL = 669
Condition 2: =
Condition 3: -
Property/units: Therma! diffusivity (f+(2)

per hr)

ranges from: 0,0115 (2,97 x 10(-~7)
m{2)/s)

to: 0,022 (5.68 x 10(~7)
m{(2)/s)

as: Molsture content (%)
ranges from: 0 to: 30
Reference: Carter (1951)
Source: Y/OW!/SUB-7009/1 (1976), p, 21

Property class: Therma! diffusivity
Materlal: Solls (b)
Formation: -
Location: Murfreesboro, TN
Condition 1: LL x PL = 1210
Condition 2: -

Condition 3: -
Property/units: Thermal diffusivity (f1(2)
per hr)
ranges from: 0,0145 (3,74 x 10(-7)
m{2)/s)
to: 0,0235 (6,06 x 10(-7)
m(2)/s)

as: Molsture content (%)
rangss from: 0 fto: 30
Reference: Carter (1951)
Source: Y/OW1/SUB-7009/1 (1976), p. 21
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13.2 Appeundix B. PROPERTIES






Batch distribution ratio (Rd) (mi/g?}
Kaolinite (a)
Georgla
ranges from: 1,28 x 10(2)
to: 9,22 x 10(2)
Source: PNL-4452 UC-70 (1983), p, 18
Batch distribution ratio (Rd) (mi/g?)
Kaollnite (b)
Georgla
rangas from: 1,88 x 10(2)
to: 9.0 x 10(3)
Source: PNL-4452 UC-~70 (1983), p. 18
Batch distribution ratlio (Rd) (mi/g?)
Smectite
Artzona
ranges from: 8,15 x 10(2)
to: 2,7 x 10(3)
Source: PNL-4452 UC-70 (1983), p, 18
Batch distribution ratlo (Rd} (m!/g?)
Smectlite
Texas
ranges from: 1,4 x 10(3)
to: 1,9 x 10(3)
Source: PNL-4452 UC-70 (1983), p, 18
.Batch distribution ratio (Rd) (ml/g?)
Smectite
Wyoming
ranges from: 1,0 x 10(3)
to: 2,0 x 10(®»
Source: PNL-4452 UC~-70 (1983), p, 18
Diffusivity (m{(2)/s)
Bentonlite
ranges from: 1,3 x 10(~10)
to: -
Source: ONWl-312 (1981), p, 14

lon exchange capaclity (meq/100 g)
Al lophane
ranges from: 70
tos ~
Source: ORNL-6241/V2 (in preparation)
p. 152

lon exchange capacity (meq/100 g)
Bentonite (Na) (a)

Wyomi ng

ranges from:

to:

Source:

68.6
AECL-7825 (1984), p. 12

lon exchange capacity (meq/100 g)
Bentonite (Na) (b)
Wyomlng
ranges from: 34,3
to: -
Source: AECL-7825 (1984), p, 12

lon exchange capacity (meq/100 g)
Chlorite (a)

ranges from: 10-40

to:

Source: ONWI-486 (1983), p, 67
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lon exchange capaclty (meq/100 g)
Chlorite (b)
to: 40
Source: ORN%;2241/V2 (In preparation)
Pe

lon exchange
Clay

Beliglium

ranges from:

to:

Source:

capacity (meq/100 g)

ca, 20
Proc NEA Workshop OECD (197%9a),
p. 88

lon exchange capaclty (meq/100 g)
Glauconite
ranges from: 11
to: 10
Source: ORNL-6241/V2 (In preparation)
p. 152

lon exchange capacity (meq/100 g)
Halfoyslite
ranges from: 5
to: 10
Source: 0RN%—6241/V2 (in preparation)
pe. 152

lon exchange capacity (megq/100 g)
Hilte (a)
ranges from: 10
to: 40
Source: ONW!-486 (1983), p, 67

lon exchange capaclity (meq/100 g)
lite (b)
ranges from: 16
to: 50
Source: ORNL-6241/V2 (In preparation)
p. 152

lon exchange capaclity (meq/100 @)
Kaollnite (a)
ranges from: 3
to: 15
Source: ONWI-486 (1983), p, 67

lon exchange capaclty (meq/100 g)
Kaollnlite (b)
ranges from: 2
to: 15
Source: 0RNL-224|/V2 (in preparation)
Pe

lon exchange capacity (meq/100 @)
Patygorskite
ranges from: 20
to: 30
Source: ORNL~-6241/V2 (In preparation)
p. 152

lon exchange

Smectite
ranges from: 80
to:r 150

Source: ONd1-2486 (1983%), p, 67

capacity (meq/100 g}
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lon exchange capaclty (meq/100 g)
Smectite (Ca)
ranges from: 80
to: 150
Scurce: ORNL-6241/V2 (In preparation)
p. 152

lon exchange capaclty (meq/100 g)
Smectite (Na)
ranges from: 100
to: 150
Source: ORN%;224I/V2 (In preparation)
Pe

lon exchange capacity (meq/100 g)
Vermicullte (a)
ranges from: 100
to: 150
Source: ONW|-486 (1983), p, 67

lon exchange capaclty (meq/100 g)
Vermicullte (b)
ranges from: 100
to: 150+
Source: ORNL-6241/V2 (in preparation)
p. 152

lon exchange capaclty (meg/100 @)
Bentonlte
ranges from: 0,1
to: 100
Source: NUREG/CP-0052 (1983), p. 181

lon exchange capaclty (meq/g) (7)
Smactite (Ca)
ranges from: 93
to: 12
Source: ONWI-312 (1981}, p, 24

lon exchange capaclty (meq/g) (?7)
Smactite (LI)
ranges from: 56
to: 20
Source: ONWI-312 (19813, p, 24

lon exchange capaclty (meq/g) (17)
Smectite (Na)
ranges from: 95
to: 68
Source: CWI-312 (1981}, p, 24

Sorption coefflclent (Kd) (cm(3)/g)
Smect!te
ranges from: ca, 188
to: ca. 200
Source: NUREG/CP-0052 (1983), p, 186

(ml/g)

Sorptlon ccefflclent (Kd) (Log) (mi/g?)
Kaollnlte (Ca)
ranges from: ca, 2,3
to: cas 1,5
Source: Proc NEA Workshop OECD (1979a),
p. 282

Sorption coefflclent (Kd) (Log) (m!/g?)
Kaolinite (Ca)
rangas from: ca, 1,3
to: ca, (~1)
Source: Proc NEA ¥orkshop OECD (1979a),
p. 282

Sorption coefflclent (Kd) (Log) (mi/g?)
Kaollnlte {Na)
ranges from: ca, 2.3
to: ca. 1,3
Source: Proc NEA Workshop OECD (1979a),
p. 282

Sorption coeffliclent (Kd) (Log) (m!/g?)
Kaollnlte (Ma)
ranges from: >2
to: <0
Source: Proc NEA Workshop OECO (197%a),
p. 282

Sorption coaffliclent (Kd) (m(3)/kg) (1)
IHitte
ranges from: 0.9
to: =~
Source: AECL-7812 (1983), p. 25

Sorption coefflclent (Kd) (m(3)/kg) (1)
1illte
rangas from: 0,005
to: 0,02
Source: AECL-7812 (1983), p, 25

Sorptlon coefflclent (Kd) (m(3)/kg) (?)
Iilye
rangss from: 0,045
to: 0,090
Source: AECL-7825 (1984}, p, 25

Sorptlon cosfflclant (Kd) (m{3)/kg) (?7)
Kaollnlte
rangss from: 0,003
to: 0,006
Source: AECL-7812 (1983}, p, 25

Sorption coeffliclent (Kd) (m(3)/kg) (1}
Kaolinlte
ranges from: 0,002
toz 0,04
Source: AECL-7812 (1983), p. 25

Sorptlon coefflclent (Kd) (m(3)/kg) (1)
Kacilinlte
ranges from: 0,02
to: -
Source: AECL~-7812 (1983), p. 25

Sorption coeffliclent (Kd) (m(3)/kg) (?)
Smectlte
ranges from: 0,06
to: 0,7
Source: AECL~-7812 (1983), p. 25



Sorptlon coefflclent (Kd) (m(3)/kg) (?)
Smactite
ranges from: 0,034
to: 0,65
Source: AECL~-7812 (1983), p, 25

Sorption coefflclent (Kd) (m(3)/kg) (1)
Smactite
ranges from: 0,030
to: 0,6
Source: AECL-7812 (1983), p, 25

Sorptlon coefflclent (Kd) (mi/g)
Argllifte
ranges from: 0
to: 1 x 10(5)
Source: ONW|-486 (1983), p, 73

Sorption coefficlent (Kd) (ml/g)
Attapulglte
ranges from: 1 x 10(-2)
tor 2 x 10(4)
Source: ONW)-486 (19833, p, 73

Sorption coefficlent (Kd) (ml/g)
Bentonlite (Ca)
ranges from: 2,5 x 10(4)
to: 1.1 x 10(5)
Source: ONWI-312 (1981), p, 35

Sorption coefflclent (Kd) (ml/g)
Bentonlte (Ca)
ranges from: 2.5
to: 3,2
Source: OMWI-~312 (1981), p, 35

Sorptlion coefflclent (Kd) (mi/g)
Bentonlte (Ca)
ranges from: 1,2 x 10(3)
to: 865
Source: OMWI~312 (1981), p, 35

Sorptlon coefflclent (Kd) (ml/g)
Bantonite (Na)
ranges from: 5,0 x 10(3)
to: 6,8 x 10(3)
Source: ONW!~312 (1981), p, 35

Sorption coefflclient (Kd) (ml/g)
Bentonlte (Na)
ranges from: 0.4
to: 8,6
Source: ONW1-312 (1981), p, 35

Sorption cosfflclent (Kd) (ml/g)
Bentonlte (Na)
ranges from: 1,1 x 10(3)
to: 1,0 x 10(3)
Source: OMWI-312 (1981), p, 35

Sorptlon coefflclent (Kd) (mi/g)
Bentonl{te (Na)
ranges from: 0
to: 4 x 10(4)
Source: ONW!-486 (1983), p, 73

Sorption coefflctent (Kd) (m!/g)
Bontonlte (Na) (Accofloc-350)
ranges from: 1,3 x 10(3)
to: 1,1 x 10(3)
Source: ONW!-312 (1981), p. 35

Sorptlon cosfflclent (Kd) (ml/g)
Bentonlte (Na} (Accofioc-350)
ranges from: 1,2
to: 0,1
Source: ONWI-312 (1981}, p, 35

Sorptlon coefflclent (Kd) (mi/g)
Bentontte (Na) (Accofloc~350)
ranges from: 1,5 x 10(3)
to: 1,5 x 10(3)
Source: ONW!1-312 (1981), p, 35

Sorptlon coefflclent (Kd) (ml/g)
Bantonlte (Na) (Saline Seal-100)
ranges from: 2,6 x 10(3)
to: 3.8 x 10(3)
Source: ONWI-312 (1981), p, 35

Sorption coefficlent (Kd) (ml/g)
Bentonlte (Na) (Sailne Sea!-100)
ranges from: 2,8
to: 3,6
Sourcse: ONW)-312 (1981), p, 35

Sorption coefflclent {(Kd) (ml/g)
Bentonite (Na) (Salifne Seal-100)
ranges from: 1,2 x 10(3)
to: 1,5 x 10(3)
Source: ONWI=~312 (1981), p, 35

Sorptlon coefflclent (Kd) (ml/g)
Bentonite and Quartz
ranges from: <}
to: 1 x 10(4)
Source: ONW1-486 (1983), p, 73

Sorption coefflclent (Kd} (mi/g)
Bentonlte and Sand
ranges from: 490
to: 9.5 x 10(3)
Source: ONWI-486 (1983), p., 73

Sorption coefflcltent (Kd) (ml/g)
Clay (Na)
Bel le Fourch
ranges from: 5,6
to: 5,7 x 10(3)
Source: ONWI~-486 (1983), p. 73

Sorptlion coefflclent (Kd) (m!/g)
Hectorlte
ranges from: 0.4
to: 7,2 x 10(3)
Source: ONWI-486 (1983), p, 73

Sorption coefflclent (Kd) (ml/g)
Hectorlte and Sand
ranges from: 400
to: 1300
Source: ONWI~-486 (1983), p, 73
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Sorption coefficlient (Kd) (ml/g) Sorption coefficient (Kd) (ml/g)
Fitite Smectite
ranges from: 0O Texas
to: 3 x 10(5) ranges from: 310
Source: ORNL~6241/V2 (in preparation) tor 370
p. 132-133 Source: Sci Baslis for Waste Management ~

vV (1982), p, 638
Sorption coefficient (Kd) (ml/g)

Kaociinite Sorption coefflcient (Kd) (ml/g)
ranges from: 0,1 Smectite
To: 1,6 x 10(3) Wyoming
Source: ONW!~486 (1983), p, 73 ranges from: 170
to: 200
Sorption coefficlent (Kd) (ml/g) Source: Sci Baslis for Waste Management -
Kaolinite vV (1982), p., 638
ranges from: O
to: 3 x 10(5) Sorption coefficient (Kd) (ml/g)
Source: ORNL-6241/V2 (in preparation) Smectite (Ca)
p., 132-133 ranges from: 0.4
to: 1,1 x 10(4)
Sorption coefficlent (Kd) (ml/g) Source: ONW!~486 (1983), p, 73
Nontronlte
ranges from: 0 Sorption coefficient (Kd) (mi/g)
to: 2,25 x 10(5) Smectite (Na)
Source: ONW!-486 (1983), p., 73 ranges from: 0,2
to: 1 x 10(5)
Sorption coefficient (Kd) (mi/g) Source: ONW!-486 (1983), p, 73
Shale
ranges from: 57 Sorption coefficlient (Kd) (ml/g)
to: 100 Vermiculite
Source: ONW!-4856 (1983), p. 73 ranges from: 47
to: 1,5 x 10(3)
Sorption coefficlent (Kd) (ml/qg) Source: ONW!-486 (1983), p, 73
Shale
ranges from: 200 Sorption coefficient (Kd) (mi/g)
to: 1,4 x 10(4) Yermiculite
Source: ONWi-486 (1983), p, 73 South Carolina
rangss from: 8,9 x 10(2)
Sorption coefficlent (Kd) (ml/g) to: 1,01 x 10(4)
Smectite Source: Sci Basis for Waste Management -
ranges from: O v {1882), p, 638
to: 4 x 10(5)
Source: ORNL-6241/¥2 (in preparation) Sorption coefficlent (Kd) (ml/qg)
p. 132-133 Vermiculite
South Carollna
Sorption coefficlent (Kd) (ml/g) ranges from: 2 x 10(3)
Simectite to: 9,8 x 10(2)
Arizona Source: Scl Basis for Waste Managsment -
ranges from: 260 vV (1982), p, 638
to: 750
Source: ONW!-~-486 (1983), p, 73 Sorption coefficient (Kd) (mi/g)
Yermiculite and Gibbslite
Sorption coefflicient (Kd) (ml/g) ranges from: 77
Smectlite to: 1520
Texas Source: ONWiI-486 (1983), p, 73
ranges from: 310
to: 685 Sorption coefficlent (Kd) (ml/g)
Source: Sci Basls for Waste Management - Vormiculite and Shale
vV (1982), p. 638 ranges from: 41
to: 1340
Sorption coefficient (Kd) (mi/g) Source: ONW!-486 (1983), p, 73
Smactite
Texas Sorption coefficlent (Kd) (ml/g)
ranges from: 410 Vermlculite and Smectite
to: 400 ranges from: 192
Source: Sci Basis for Waste Management -~ to: 3800

v (1982), p. 638 Source: ONW!-486 (1983), p, 73



Sorption coefflclent (Kd) (mi/g)

Yermicullte and Zeolite (various)

ranges from: 130
to: 5,92 x 10(5)
Source: ONWi-486 (1983), p, 73

Sorptlion coefflcltent (Kd) (mi/g?)
Bentonlte
rangas from: 1
to: 2 x 10(5)
Sourcea: Proc NEA Workshop OECD
p. 304

Serption coefflclent (Kd) (mi/g?)
Clay
Beiglum
ranges from: 0,87
to: 6,12
Source: Proc NEA Workshop QECD
pe 97

Sorptlion coefflclent (Kd) (ml/g?)
Iiitte
ranges from: 1
to: 3 x 10(6)
Source: Proc NEA Workshop OECD
p. 304

Sorption coeffliclent (Kd) (mi/g?)
Kacilnlte
ranges from: 1
to: 2 x 10(4)
Source: Proc NEA Workshop OECD
p. 304

Sorptlion coeffliclent (Kd) (m1/g?)
Yermicullte
ranges from: ca, 40
to: 4 x 10(4)
Source: Proc NEA Workshop OECD
p. 315

Sorption coefflclent (Kd) (m)/g?)
Vermlcullte
ranges from: 30
to: 4 x 10(6)
Source: Proc NEA Workshop OECD
p. 304

Sorption coefflclient (ml/g)
Smectite
ranges from: 200
to: 2,000
Source: ONWI-312 (1981), p. 13

(157%a),

(197%a),

(1979a),

(1979a),

(1979),

(1979a),

181






183

Denslty (bulk) (average) (g/cm(3))
Shals
Litinols, Indlana and Kentucky
ranges from: 2,36
to: 2,53
Source: ORNL~5703 (1983), p, 76

Density (bulk) (average) (g/cm(3))
Shales
New York, Kentucky, Virginia and West
Virginia
ranges from: 2,61
to: 2,68
Source: ORNL-5703 (1983}, p, 37

Density (bulk) (g/em(3))
Argliliite
Nevada
ranges from: 2,44
to: 2,71
Source: ORNL/Sub/84~64794/1 (1983),
pe 406

Density (bulk) (g/cm(3))
Shale
Michigan
ranges from: 2,2
to: 2,8
Source: ORNL/Sub/84~64794/1 (1985),
p. 96

Density (bulk) (g/cm(3))
Shale
Ohlo
ranges from: 2,65
to: -
Source: ORNL/Sub/84-64794/1 (19835),
p. 108

Densfty (buik) (g/cm{(3})
Shalas f(a)
ranges from: 1,6
to: 2,5
Source: ORNL-6241/V2 (in preparation)
p. 199

Density (builk) {kg/m(3)}
Clay
Beigium
ranges from: 2010
to: -~
Source: Rad Waste Management and Nuclear
Fuel Cycle, v, 6 (1985, p., 54

(2,010 g/em(3))

Density (bulk) (kg/m(3))
Clay
England
ranges from: 2210
to: -~
Source: Rad Waste Management and Nuclear
Fuel Cycle, v. 6 (1985), p, 54

(2,210 g/em(3))

Density (bulk) (kg/m{3))
Ciay
Italy
ranges from: 2100
to: -
Source: Rad Waste Management and Nuclear
Fuel Cycle, v, 6 (1985), p., 54

(2,100 g/cm(3))

Density (bulk) (presumed g/cm(3))

Oi1l Shales
ranges from: 1,506
to: 2,37

Source: Y/OW1/SUB-7009/1 (1976), p. 13

Density (bulk) (presumed g/cm(3))
Shale (a)
ranges from: 2,1
to: 2.5
Source: Y/OW1/SUB~7009/1 (1976), p, 12

Denslity (bulk) (presumed g/cm(3))
Shales
Biack Hills
ranges from: 1,359
to: 2,038
Source: Y/OW1 /SUB~7009/1 (1976), p., 14

Density (bulk) (presumed g/cm(3))
Shales
tEastern Canada
ranges from: 2,07
to: 2,68
Source: Y/OW!/SUB-7009/1 (1976), p, 15

Density (bulk) (presumed g/cm(3))
Shales
Ok lahoma
ranges from: 2,1
to: 2,62
Source: Y/OW!/SUB-7009/1 (1976), p. 16

Denslty (bulk) (presumed g/cm(3))
Shales
Western Canada
ranges from: 2,43
to: 2.7
Source: Y/OW1/SUB-T7009/1 (1976), p, 17

Density (bulk) (presumed g/cm(3))
Shales (b)
ranges from: 2,40
to: 2.43
Source: Y/OWi/SUB-7009/% (1976), p, 16

Density (bulk) (rho x t/m(3))
Bentonite (Na) (c¢)
Wyoming

ranges from: 2,54

to: 1,08
Source: KBS TEKN|SK RAPPORT 74 (1978),
p. 4

(g/cm(3))

Denslity (bulk) (+/m(3))
Bentonlte (a)
ranges from: ca, 2,1
to: -
Source: Proc NEA Workshop OECD (1979b),
p. 148

(g/em(3))

Density (bulk) (t/m(3))
Bentonite (Na) (a)
rangas from: 1,8
to: 2,0
Source: KBS4TEKNISK RAPPORT 9 (1977),
p‘

(g/cm(3))
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Density (bulk) (+/m(3)) (g/cm{3))
Bantonite (Na) (b)
ranges from: 1.4
tos 1.7
Source: KBS TEKNISK RAPPORT 9 (1977),
p. 4
Density (dry) (average) (Ibs/ft(3))
Shale
Montana
ranges from: 118 (1,890 g/cm(3))
to: -

Source: Y/OW|/TM36/6, p, 6~1

Denstty (dry) (kg/mg(3)) (?)
Clay and Sand
ranges from: ca., 1.6
to: ca. 2.2
Source: RHO-BW!-5A-80 (1981}, p, &

(g/cm{3)) (?)

Density (dry) (ib/cu ft)
Shale
Northern Great Plains
ranges from: 95 (1,522 g/cm(3))
to: 110 (1,762 g/cm(3))
Source: ORNL/Sub/84-64794/1 (1989),
p. 293

Density (dry) (Mg/m(3))

Bentonite and Sand
ranges from: 1,81
to: 1,4

Source: AECL-7812 (1983), p. 3i

(g/cm(3))

Denslity (dry) (Mg/m(3))
Kaolinite
ranges from: ca, 1.2
to: ca, 1.5
Source: AECL~7812 (1983), p. 35

(g/cm(3))

Density (dry) (Mg/m(3))

Kaolinlte and Sand
ranges from: 2,05
to: 1,45

Source: AECL-7812 (1983), p, 31

(g/cm(3))

Denslty (dry) (presumed g/cm(3))
Chlorite
ranges from: 2.6
to: 2,96
Source: Y/OW!/SUB~7009/1 (1976}, p. 9

Density (dry) (presumed g/cm(3))
Shales
ranges from: 1,55
to: 2,55
Source: Y/OW!/SUB-7009/1 (1976}, Fig, 1

Density (g/cm(3))
Bentonite (Ca)
ranges from: <1,7
to: ca, 2,14
Source: PNL-4452 UC-70 (1983), p, 24

Density (g/cm(3))
Bentonite (Na) (a)
ranges from: <1.,8
to: 2.28
Source: ONW!=~312 (1981), p, 32

Density (g/cm(3))
Bentonite (Na) (b)
ranges from: <1,8
to: ca, 2.5
Source: PNL-4452 UC~70 (1983), p, 21

Density (g/cm(3))
Bentonite (Na) and Sand (a)
ranges from: <1,9
to: ca, 2,8
Source: PNL~4452 UC-70 (1983), p, 22

Density (g/cm(3))
Bentonite (Na) and Sand (b)
ranges from: <1,9
to: ca, 2,7
Source: PNL-4452 C~-70 (1983), p. 23

Density (g/cm(3))
Shale (j)
Gutf Coast
ranges from: 2,1
to: 2.3
Source: Y/O¥!i/SUB-7009/1 (1976), p, 121

Density (grain) (average) {presumed g/cm(3))
Clays and Shales
Eastern US
ranges from: 2,69
to: -
Source: Y/OW{/SUB-7009/1 (1976), p. 10

Denslty (grain) (average) {presumed g/cm{3))
Shale (b
ranges from: 2,71
to: -~
Source: Y/OW!/SUB-7009/1 (1976), p. 10

Density (grain) (average) (presumad g/cm{(3))

Shales
Black Hills
ranges from: 2,66
to:r -

Sourca: Y/OwW!/SUB-7009/1 (1976), p, 10

Denslty (grain) (average) (presumed g/cm(3})
Shales
Kansas
ranges from: 2,72
to:r -
Source: Y/GW!i/SUB-7009/1 (1976), p. 10

Density (graln} (average) {presumed g/cm{(3})
Shales
Venezuela
ranges from: 2,69
To: -
Seurce: Y/CWi/SUB-7009/1 (1976), p. 10

Denslty (kg/m(3))

Clay
Loulsiana
ranges from: 1,954 (1.954 g/cm(3))
tor -
Source: ORNL/Sub/84-~-64794/1 (1985),

p. 173
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Density (kg/m(3))

Shale (a)
ranges from: 2,123 (2,123 g/cm(3))
to: 3,003 (3,003 g/cm(3))
Source: ORNL~-6241/V1 (in preparation)
p. 40
Density (kg/m(3))
Shale (b)
ranges from: 2,563  (2.563 g/cm(3))
to: ~
Source: ORNL-6241/V2 (in preparation)
pe 99
Density (1bs/f+(3))
Shales
ranges from: 117 (1,874 g/cm(3))
to: 188 (3,011 g/em(3))

Source: Y/OM!/TM36/6, p. A-2, 3 & 4

Density (naturat) (presumed g/cm{(3))
Shales (c)
ranges from: 2,43
to: 2,65
Source: Y/OWI/SUB~7009/1 (1976), p, 18

Density (presumed g/cm(3))
tilite
ranges from: 2,65
To: 2,13
Source: Y/OW|/SUB-7009/1 (1976), p, 9

Denslity (presumed g/cm(3))
I11ite and Smectite
ranges from: 2,64
to: 1,48
Source: Y/OW!/SUB-7009/1 (1976), p. 9

Density (presumed g/cm{3))
Kaolinlte
ranges from: 2,60 - 2,68
to: 2,43
Source: Y/OW!/5UB~7009/1 (1976), p, 9

Density (presumed g/cm(3))
Shale
Californla
ranges from: 2,5
to: -
Source: Y/OW1/5UB-7009/1 (1976), p. 12

Density (presumed g/cm(3))
Shale (c)
ranges from: 2,4
to: -
Source: Y/OWI/SUB~7009/1 (1976), p, 8

Denslty (presumed g/cm(3))
Shale (d)
ranges from: 2,65
to:r =~
Source: Y/OM!/5uUB~7009/1 (1976), p. 8

Density (presumed g/cm(3))
Shale (e}
ranges from: 2,2
to: ~
Source: Y/OWl/SUB-7009/1 (1976), p, 8

Denslity (presumed g/cm(3))
Shale (f)
ranges from: 2,3
to: -~
Source: Y/OW1/SUB-7009/1 (1976), p., 8

Density (presumed g/cm(3))
Shale (g)
ranges from: 2,2
to: -
Source: Y/OW1/SUB~7009/1 (1976), p, 8

Density (presumed g/cm(3))
Shale (h)
ranges from: 2,5
to: -
Source: Y/OW!/SUB-7009/1 (1976), p, 8

Density (presumed g/cm(3))
Shate (1)
ranges from: 2,0
Tor -
Source: Y/OW!/SUB-7009/1 (1976), p. 8

Density (presumed g/cm(3))
Shale (k)
Gulf Coast
ranges from: 2,58
to: -
Source: Y/OWIi/SUB~-T009/1 (1976}, p. 12

Density (presumed g/cm(3))
Smectite
ranges from: 2,2-2,7
to: 1,77
Source: Y/OWi/SUB~-7009/1 (1976), p. @

Density (specltic) (+/m(3})
Benton!te (Na)
Wyoming
ranges from: 2,7
to: -
Source: KBS TEXKNISK RAPPORT 74 (1978),
pe 3

(g/cm(3))

Density (wet) (average) (pounds/ft(3))
Shale
Montana

ranges from: 135

to: -
Source: Y/OW!/TM36/6, p, 6-1

(2,162 g/cm(3))

Denslity (wet) (presumed g/cm(3))
Shales
ranges from: 1,98
to: 2.67
Source: Y/OWi/SUB~-7009/1 (1976}, Fig, 1

Moisture content (%)
Arglllite
Nevada
ranges from: 2
to: 4
Source: ORNL/Sub/84-64794/1
p. 406

(1985),



Molsture content ($)
Bentonlte and Sand

ranges from:

to: 22
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Source: AECL~7812 (1983), p. 31

Moisture content (%)
Kaolinite and Sand

ranges from:
to:

Source: AECL~7812 (1983}, p, 31

Molsture content (%)

Shale

New Mexlco
ranges from: 3,7
to: 6.2

Source: Y/Ow!/TM36/6,

Molsture content (%)
Shala (e)
Western USA

ranges from: 35

to:

Source: Y/OWl/TM36/6,

Molsture content (¥)
Shales (a)

ranges from:

to: 38
Source: Y/OW! /TM36/6,

Moisture content (natural)

Shale

Ohlo
ranges from:
to:

Source: Y/OW!/TM36/6,

Molisture content (natural)

Shale
Ohio

ranges from: 4

tao:

Source: Y/OWl/TM35/6,

Molsture content (natural)
Shale (a)
ranges from: O

to:

Source: Y/OWl /TM36/6,

Molsture content (natural)
Shale (b)

ranges from:
to:

Source: Y/OHW) /TM36/6,

Molsture content (natural)
Shale ()

ranges from:
to:

Source: Y/OWi/TM36/6,

p. 8-5

Ps 3~1

p, A-13, 14 & 15
¢ 3]

p. 5-14
%)

p. 4-12
%)

D, 2=2
(%)

p. 7-8
4 §]

pPe 3~24

Molsture content (natural) (%)
Shale (d)
Northern Great Plalins

ranges from:
to:
Source:

18
38

ORNL/Sub/84-64794/1 (1985),
p. 293

Molsture content {(natural) (%)

Shales
rangss from:
to:

Source:

38
12
Y/OW1 /SUB-7009/1 (1976), p. 14

Molsture content (rock) (%)

Shala

New Mexlco

ranges from:
to:
Source:

Porosity ($)

3
1
Y/OM{ /TM36/6, p, 8-3

Argillite

Nevada
ranges from:
to:

Source:

Porosity (%)
Clay
Belgium

ranges from:

to:
Source:

Porosity ()
Clay
England

ranges from:

to:
Source:

Porcsity (§)
Clay
ltaly

ranges from:

to:
Source:

Porosity (%)
Shale

ranges from:

to:

Source:

Porosity (%)
Shate

8 to 16
6 to 12
ORNL/Sub/84-64794/1 (1985),
p. 406

38,5

Rad Waste Management and Nuclear
Fusl Cycle, v, 6 {1985), p, 54

30

Rad Waste Management and Nuclsear
Fuel Cycle, v. 6 (1985), p, 54

25

Rad Waste Management and Nuclear
Fue! Cycle, v. 6 (1985), p, 54

33
Y/OW1 /TM36/6, p, 3-24

Colorado

ranges from:
to:
Sources

4.1
5.1
Y/OHY /SUB~T009/1 (1976), p, 14



Porostty (%)
Shale
Tennessee
ranges from: 0,5
to: 1,92
Source: ORN;—6241/V2 (In preparattion)
pe 219

Poroslty (%)
Shale (a)
ranges from: 30
to: 5 to 10
Source: ORNU~5241/V2 (in preparation)
p. 218

Poroslty (%)
Shale (a)
Mlchlgan
ranges from: 3
to: 10
Source: ORNL~5703 (1983), p. 106
Porostity (%)
Shale (b)
11iInols, Indlana, Kentucky
ranges from: 0,95
to: 4,64
Source: ORNL/Sub/84-64794/1
p. 85

(1985),

Poros!ty (%)
Shale (b)
Michlgan
ranges from: 3
to: 10
Source: ORNL/Sub/84-64794/1 (1985),
p. 98

Poros!ty (%)
Shales
ranges from:
to:

Source;

0.7 (702 )

0.1 (108 1)

ORNL-6241/V2 (In preparatlion)
p. 199

Poroslty (%)
Shales
Appalachian BaslIn
ranges from: ca, 3
to: -
Source: ORNL;6241/V2 {In preparation)
pe 219

Poroslty (%)
Shales
IliIncls Basin
ranges from: 0,9
to: 4,6
Source: ORNL~6241/VZ (In preparatlon}
pe 219

Poros!ity (%)
Shales (a)
Kentucky

rangas from:

to:
Source:

3.3

10,1

ORNL~6241/V2 (In preparation)
p. 219
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Porosity (%)
Shales (b)
Kentucky
ranges from: 15
to: 3
Source: Y/OW1/SuB~-7009/1 (1976), p, 16
Poroslty (%)
Shales
Michigan Basin
ranges from: 3
to: 10
Source: ORNL-6241/V2 (In
Pe 219

preparation)

Poros!ty (%)
Shales
Ok lahoma
ranges from: 25
to: 2
Source: Y/OW1/SUB-7009/1 (1976), p. 16
Porosity (%)
Shales
USA and Europe
ranges from: 19
to: 1
Source: ORNL-6241/¥2 (In
p. 219

preparation)

Porosity (%)
Shales (a)
ranges from: 3
to: 15
Source: ORNL=~6241/¥2 (In
p. 218

preparation)

Porosity (%)
Shales (b)
rangss from: 15 to 45
to: 3 to 20
Source: ORNL-6241/v2 (In
p. 219

preparation)

Poroslty (%)
Shales (c?
ranges from: 0,4
to: 7'2
Source: Y/OW1/S5UB-7009/1 (1976), p. 18
Porostty (%)
Shales (d)
ranges from: 0,0
to: 44.8
Source: Y/OWI/TM36/6, p, A-12
Poroslty (%)
Shales (e)
Germany
ranges froms
to:
Source:

25
ca, O
Y/OW ) /SUB-T009/1 (1976), p., 15

Poroslty (average) (vol, %)
Shale (a)
I1iInols, Indlana and Kentucky
ranges from: 0,95
to: 4,64
Source: ORNL-5703 (1983), p. 76
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Porosity (average) (voi, %)
Shales
Kentucky, New York, Virginia and West
Virginia
ranges from: 2.86 to 3.87
to: -
Source: ORNML-5703 (1983), p, 37

Porosity (effective) (%)
Shale
Ohio
ranges from: 4
to: -
Source: Y/OWI/TM36/6, p, S5-14

Porosity (effective) (%)
Shales
Pennsyivania
ranges from: 1,17
to: ~
Source: ORNL~6241/V2 (In preparation)
p. 219

Porosity (effective) (%)
Shales
South Carolina
ranges from: ca. 0,5
to: -
Source: ORNL-6241/V2 (in preparation)
pe 219

Porosity (effective) (units not stated)
Bentonite and Sand
ranges from: ca 0,4
to: 0,002
Source: AECL-7812 (1983), p, 32

Porosity (effective) (unlts not stated)
Iilite
ranges from: ca, 0,5
to: ca, 0,002
Source: AECL~7812 (1983), p, 32

Poroslty (effective) (units not stated)
Kaollnite
ranges from: ca, 0,5
to: ea, 0,002
Source: AECL-7812 (1983), p. 32

Porosity (effective) (units not stated)
Shale
ranges from: 0,05
to: 0,005
Source: ORNL-6241/V1
¢ pe 33

(In preparation)

Porosity (eftective) {units not stated)
Shale
South Carolina
ranges from: 0,005
to: -
Source: ORNL-6241/V2 (in preparation)
p. 52

Porosity (effective) (units not stated)
Shale (a)
ranges from: 0,01
to: ~
Source: ORNL-6241/V2 (in preparation)
Pe 99

Porosity (primary) (%)
Shale

Ohio
ranges from: >3 §
to: -~
Source: ORNL/Sub/84-64794/1 (1985),
p. 108

Porosity {(rock mass) (%)
Shale
ranges from: 3,0
fo: -
Source: Y/OWi/TM36/6, p. 7~8

Porosity (rock mass) (%)
Shale
Ohio
ranges from: 8
to: -~
Source: Y/OWi/TM36/6, p. 4-12

Porosity (rock mass) (%)
Shale (b)
ranges from: 0O
to: 45
Source: Y/OWi/TM36/6, p, 2-2

Porosity {(total) (units not stated)
Shale
ranges from: 0.1
to: 0,01
Source: ORNL~6241/V1
pPe 33

(in preparation)

Porosity (total) (units not stated)
Shale
Great Britain
ranges from: 0,020
to: 0,101
Source: ORNL-6241/¥2 (in preparation)
pe 52

Porosity (total) (units not stated)
Shale
I1tinols, Indiana, Kentucky
ranges from: 0,009
to: 0,046
Scurce: ORNL~6241/V¥2 (in preparation}
pe. 52

Porosity (total) (units not stated)
Shale
Kansas
ranges from: 0,073
to: 0,106
Source: ORNL-6241/V2 (in preparation)
p, 52

Porosity (total) (units not stated)
Shale
Kentucky
ranges from: 0,074
to: 0,076
Source: ORNL-6241/V2 (in preparation)
p. 52



Porosity (totall) (unlts not stated)
Shale
Michigan
ranges from: 0,03
to: 0,10
Source: ORNL-6241/V2 (in preparation)
p. 52

Poroslity (totat) (units not stated)
Shale
Missouri

ranges from:

to:
Source:

0,113

ORNL-6241/V2 (in preparation)
pe. 52

Porosity (total) (units not stated)
Shale
Pennsyivania
ranges from: 0,010
to: -
Source: ORNL~6241/¥2 (in preparation)
p. 52

Porosity (total) (units not stated)
Shale
Tennessee
ranges from: 0,005
to: 0,019
Source: ORNL-6241/¥2 (in preparation)
p. 52

Porostty (total) (units not stated)
Shale
Utah
ranges from: 0,009
to: -
Source: ORNL-6241/VZ (in preparation)
p. 52

Porosity (total) (units not stated)
Shale (a)
ranges from: 0,03
to: -
Source: ORNL-6241/V2 (in preparation)
P. 99

Porosity (total) (units not stated)
Shale (b)
ranges from: 0,03
to: -
Source: ORNL-6241/¥2 (in preparation)
p. 52

Porosity (total) (units not stated)
Shale (c)
ranges from: 0,003
to: 0,056
Source; ORNL-6241/V2 (in preparation)
p. 52

Porosity (total) (unlits not stated)
Shale (d)
Ohlo
ranges from: 0,03
to:r -
Source: ORNL-6241/V2 (Iin preparation)
p. 52
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Porosity (total) (unlits not stated)
Shale (e)
Pennsylvania
ranges from: 0,0117
to: -
Source: ORNL-6241/V2 (in preparation)
p. 52

Porosity (total) (units not stated)
Shale (f)
Scotland
ranges from: 0,016
to: -
Source: ORNL-6241/V2 (in preparation)
p. 52

Specific gravity (dimensionless)
Bentonlte (a)
ranges from: 2,21
to:r ~
Source: Proc NEA Workshop OECD (1981),
p. 340

Speclific gravity (dimensionless)
Bentonlte (b)
Black Hills
ranges from: 2,18
to: -~
Source: Proc NEA Workshop OECD (1981),
p. 340

Speclfic gravity (dimensionless)
Bentonlte (Na)

Wyoming
ranges from: 2,66
to: -
Source: AECL-7825 (1984), p, 12

Specific gravity (dimensionless)
Bentonlte (Na) and Sand
Wyoml ng
ranges from: 2,635
fo: -
Source: AECL-7825 (1984), p, 12

Speciflc gravity (dimenslionless)
Kaolinite
ranges from: 2,60
to: -
Source: Proc NEA Workshop OECD (1981),
p. 340

Specific gravity (g/cm(3))
Bentonite (a)

Oregon

ranges from:

to:

Source:

2,73
RHO-BWi-SA-80 (1981), p, 6

Speclfic gravity (g/cm(3))
Bentonite (b)
Oregon
ranges from: 2,85
to: -~
Source: RHO-BWI-S5A~80 (1981), p, 6



Specific gravity (g/em(3))
Bentonite {c)
Wyoming

ranges from: 2,77

to: -

Source: RHO-BW!~-SA-80 (1981), p, 6

Specific gravity (g/cm(3))
Clay
Hanford
ranges from: 2,71
to: -

Source: RHO-BW!-SA-80 (1981}, p. 6

Specific surface (m(2)/g)
Bentonite (Na)
ranges from: 519
to: 615

Source: AECL-7825 (1984), p, 12

Speclfic surface (m(2)/g)
Bantonite (Na) and Sand
ranges from: 284
to: -

Source: AECL-7825 (1984), p, 12

Speclfic surface (m(2)/g)
Shale
Michigan
ranges from: 0,05
to: 1,2

Source: ORNL-5703 (1983), p, 109

Speclflc surface (m(2)/g)
Smactite
ranges from: 800
to: -

Source: NUREG/CP-0052 (1983), p, 182

Vold ratio (dimensionless)
Ciays
ranges from: ca. 1.5 1o 3,0
tor ca, 0,5 fo 0,6
Source: OMWI-312 (1981),

Vold ratlio (dimensionless)
Kaolinlte (Ca)
ranges from: 2,5
fo: 1,0
Source: ONW!-486 (1983),

Void ratio (dimensionlass)
Kaolinite (MNa}
ranges from: 2,5
to: 1,0
Source: ONW!~-486 (1983),

Yold ratio (dimensionless)
Smectite (Ca)
ranges from: 7,0
to: 1,0
Source: ONWi-486 (1983),

Void ratio (dimensionless)
Smectite (Na)
ranges from: 30,0
to: 1,0
Source: ON{!-486 (1983),

21
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Water content (average) (%)
Shale
Montana
ranges from: 15
to: -
Source: Y/OW!l/TM36/6, p, 6-!

Water content (vol %)
Shates (b)
ranges from: 70 to 90
to: 5 to 10
Source: ORNL~6241/V2 (In preparation)
p. 218



Groundwater travel d!stance (m)
Shale
ranges from: 6
to: 40
Source: ORNL=-6241/V1 (In preparation)
p. 36

Hydraulfc conductivity (cm/s x 10(12))
Bantonlte (Na) (a)
ranges from: <1 (<1 x 10(~12) cm/s)

to: ca, 81 (ca., 8 x 10(-12) cm/s)

Source: ONWI-312 (1981), p, 11

Hydraullc conductivity (cm/s)
Bentonite (Ca)

ranges from: 1.3 x 10{-12) and 1,6 x 10(~12)

to:
Source: ONWI-312 (1981), p, 33

Hydraullc conductivity (cm/s)
Benton{te (Na)
ranges from: 2.7 x 10(~9)
to: 0,7 x 10{-%)
Source: ONWI-312 (1981), p, 34

Hydraullc conductivlity (om/s)
Bentonlte (Na)
Wyom{ ng
ranges from: Not stated
to: 10(-9)
Source: ONWi-486 (1983), p, 61

Hydraullc conductivlty (cm/s)
Bentonlte (Na) (b)
ranges from: ca, 1 x 10(~13)
to:
Source: ONWI-~312 (1981, p, 10

Hydraullc conductivity (cm/s)
Bentonlte (Na) (c)

ranges from: 4,6 x 10(~12) and 6.4 x 10(~12)

to:
Source: ONWi{~-312 {(1981), p, 33

Hydraullc conductivity (cm/s)
Bentonite (Na) (d)
ranges from: 6,6 x 10(-10)
to:
Source: ONWi-312 (1981), p, 33 -

Hydraullc conductivity (cm/s)
Bentonlte (Na) (e)
ranges from: 5,6 x 10(~13)
to:
Source: ONWI-312 (1981), p, 33

Hydraullc conductlivlty (cm/s)
Bantonlte (Na) (¢)
ranges from: 6 x 10(~12)
to: 6 x 10(~13)
Source: PNL-4452 UC-70 (1983), p, 13

Hydraullc conductivlity (cm/s)
Bentonite (Na) (g)
ranges from: 1,2 x 10(~-12)
to: 8,3 x 10(~13)
Source: PNL-4452 UC-70 (1983), p, 27

Hydraullec conductlvlity (cm/s)
Bentonlte (Na) and (Ca)
Varlous

ranges from: 10(-4)

to: 10(-~12)
Source: ONWI-486 (1983), p. 36

Hydraullc conductivity (em/s)
Benton!te (Na) and Sand
ranges from: ca, 10(-~9)
to: ca, 10(~-12)
Source: PNL-4452 UC-70 (1983), p, 16

Hydraullc conductlivity (cm/s)
Clay
ranges from: 7 x 10(-12)
to: 2 x 10(-12)
Source: PNL-4452 UC-70 (1983), p, 14

Hydraullc conductivity (cm/s)
Clay
Loulslana
ranges from: 10(-8) (est)
tos
Source: ORNL/Sub/84-64794/1 (1985),
p. 175

Hydraullc conductivity (cm/s)
1iitte (Ca)
ranges from: 10(-10)
fo: 10(-6)
Source: ONWI-486 (1983), p, 35

Hydraullc conductivity (cm/s)
lillte (Na)
ranges from: 10(-10)
to: 10(~7)
Source: ONWI-486 (1983), p, 35

Hydraullc conductivity (cm/s)
Kaollnite (Ca)
ranges from: 10(-8)
to: 10(-5)
Source: ONWI-486 (1983), p. 35

Hydraullc conductivity (cm/s)
Kaollnlte (Na)
ranges from: 10(-8)
to: 10(~5)
Source: ONw!-486 (1983), p, 35

Hydraullc conductivity (cm/s)
Shale
I1tInols Basin
ranges from: 10(-9)
to:
Source: ORNL-6241/V2 (In preparation)
p. 220

Hydraullc conductivity {(cm/s)
Shale
Tennessee
ranges from: 6 x 10(~-10)
to: 3 x 10(~-11)
Source: ORNL=-6241/V2 (in preparation)
pe 220



Hydraullc conductivity (cm/s)
Shales
tast Coast
ranges from: 10(-7)
to: 10(~11)
Source: ORNL-6241/VY2 (in
p. 220

preparation)

Hydraulic conductivity (cm/s)
Shales
Michigan and Appalachian
ranges from: 10(-6)
to: 10(-9)
Source: ORNL-6241/Y2 (in
p., 220

Basins

praparation)

Hydraullic conductivity (cm/s)
Shates
Northern Great Plains
ranges from: 10(-6)
to: 10(~10)
Source: ORNL-6241/V2 (in
pe. 220

preparation)

Hydraulic conductivity (cm/s)
Shales (¢)
ranges from: 10(-8)
to: 10(-11)
Source: ORNL-6241/V2 (in
p. 218

preparation)

Hydraullc conductivity (em/s)
Shales (d)
ranges from: 10(-9)
to: 10¢~11)
Source: ORNL-6241/V2 (in
p. 219

preparation)

Hydraullc conductivity (cm/s)
Siitty Clay
ranges from: 5 x 10(-6)
to: ca, 2 x 10(-8)

Source: ONwi-486 (1983), 39

D-
Hydraulic conductivity (em/s)
Siity Clay
ranges from: 5 x 10(-6)
to: 10(-7)

Source: ONM!-486 (1983), 39

Pe
Hydraullc conductivity (cm/s)
Smactite (Ca) (a)
ranges from: 10(-11)
to: 10(-6)
Sources ONW!-4B5 (1983), p., 35
Hydraulic conductivity (cm/s)
Smectite (Na) (a)
rangss from: 10(~11)
to: 10(~7)
Source: ONW!1-486 (1983), p. 35
Hydraulle conductivity (cm/s)
Yolclay sallne seal and Sand
ranges from: 2,9 x 10(-12)
to: 4,1 x 10(~12)
Source: ONW!-312 (1981), p. 33
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Hydraulic conductivity (horizontal) (m/s)

Shale
ranges from: 1 x 10(-10) (1 x 10(~8) cm/s)
to: 1 x 10(-12) (1 x 10(~10) cm/s)
Source: ORNL~6241/V1 (in preparation)
pPe 33
Hydraulic conductivity (horizontal) (m/s)
Shale
Iliinois
ranges from: 2 x 10(-11) (2 x 10(~-9) cm/s})
to:
Source: ORNL-6241/V2 (in preparation)
p. 42
Hydraulic conductivity (horizontal) (m/s)
Shale
Mary land
ranges from: 0,0(7) (0,0 cn/s) (7)
to: 1 x 10(~9) (1 x 10(-7) cm/s)
Source: ORNL=-6241/Y2 (In preparation)
p. 43
Hydrau!lc conductivity (horizontal) (m/s)
Shale
Michlgan

ranges from: 1 X 10(-11) (1 x 10(-9) cm/s)
to: 2 x 10(~8) (2 x 10(~6) cm/s)
Source: ORNL-6241/Y2 (in preparation)
p. 42

Hydraullc conductivity (horizontal) (m/s)
Shale
Pennsyivania
ranges from: 3 x 10(-11)
to:
Source: ORNL~6241/V2 (in preparation)
p. 42

(3 x 10(~9) cm/s?}

Hydraullc conductivity (horizontal) (m/s)
Shale
Pennsylvania

ranges from: 1 x 10(~11) (1 x 10(=9) cm/s}
to:
Source: ORNL-6241/Y2 (in preparation)
p. 43

Hydraullec conductivity (horizontal) (m/s)
Shale
South Carciina

ranges from: 1 x 10(-13) (1 x 10(~11) em/s)
to: 1 x 10(-10) (1 x 10(~-8} cm/s)
Source: ORNL~6241/V2 (in preparation)
p. 42

Hydraullc conductivity (horizontal) (m/3)
Shale
South Carolina

ranges from: 1 x 10(-12) (1 x 10(~10) cm/s)
to:
Source: ORNL-6241/¥2 (In preparation}
p. 43

Hydraullc conductivity (horizontal) (m/s)
Shale
South Dakota
ranges from: ! x 10(~-12) (1 x 10(~10) cm/s)
to: 1 x 10(=11) (1 x 10(=9) cm/s)
Source: ORNL~6241/VZ (in preparztion)
p. 43



193

Hydrauf fc conductivity (horizontal) (m/s)
Shale
Tennessee
ranges from: 3 x 10(-13) (3 x 10{~11) cm/fs)
to: 2 x 10(~12) (2 x 10(~10) cm/s)
Source: ORNL-~6241/V2 (in preparation)
Pe 42

Hydraulic conductivity (horizontal) (m/s)
Shale (a)
ranges from: 1 x 10(-11)
to:
Source: ORNL-6241/V2 (in preparation)
p. 99

(1 x 10(~9) cm/s}

Hydraullc conductivity (horizontal) (m/s)
Shale (b)
ranges from: 1 x 10(-16) (1 x 10(~14) cm/s)
to: ¥ x 10(-11) (1 x 10(-9) cm/s)
Source: ORNL-6241/V2 (in preparation)
p. 42

Hydraulic conductivity (horizontal) (m/s)
Shate (¢)
ranges from: 1 x 10(-11) (1 x 10(~9) cm/s)
to: 7 x 10(~9) (7 x 10(-7) em/s)
Source: ORNL-6241/V2 (in preparation)
p. 42

Hydraullc conductivity (horizontal) (m/s)
Shale (d)
ranges from: 1 x 10(-11) (1 x 10(-9) cm/s)
to: 1 x 10(-6) (1 x 10(-4) cm/s)
Source: ORNL-6241/V2 (in preparation)
p. 43

Hydraulic conductivity (horlzontal) (m/s)
S| Itstone/Muds tone
South Carollna
ranges from: 1 x 10(-13) (1 x 10(-11) cm/s)
to: 5 x 10(~10) (5 x 10(-8) cm/s)
Source: ORNL-6241/¥2 (in preparation)
pe 43

Hydraulic conductivity (m/s)
Bentonite and Sand

ranges from: ca, 10(-6) (ca. 1 x 10(-4)
cm/s)
to: ca, 10(-14)  (ca, 1 x 10(~12)
cm/s)
Source: AECL-7812 (1983), p, 29

Hydraulic conductivity (m/s)

Clay
Belglum
ranges from: 10(-10) (1 x 10(-8) cm/s)
to: 10¢(~-12) (1 x 10¢~10) cm/s)

Source: Rad Waste Management and Nuclear
Fuel Cycle v, 6 (1985), p, 54

Hydraulic conductivity (m/s)
Clay
England

ranges from:

to:
Source: Rad Waste Management and Nuclear
Fue! Cycle v, 6 (1985), p, 54

10(~12) (1 x 10(~-10) cm/s)

Hydraullic conductivity (m/s)
Clay
ltaly

ranges from:

to:
Source: Rad Waste Management and Nuclear
Fuel Cycle v, 6 (1985), p, 54

10(~-11) (1 x 10(~9) cm/s)

Hydraullc conductivity {(vertical) (m/s)
Shale
ranges from: 1 x 10{(~11) (1 x 10(~9) cm/s)
to: 1 x 10(-13) (1 x 10(-11) cm/s)
Source: ORNL~6241/Y1 (in preparation)
pP. 33

Hydraullc conductivity (vertical) (m/s)
Shale

ranges from:

to:

Source:

1 x 10(~-12) (1 x 10{~10} om/s)
ORNL~6241/V2 (in preparation)
p. 99

Inflow (mi/min per m)
Shale
ranges from: 1 x 10(-1)
to: 5 x 10{~1)
Source: ORNL-6241/¥1 (in preparation)
p. 38

Iinflow {m!/min per m)
Shale
ranges from: 10
to: <1
Source: 0RN%62241/VZ {in preparation)
Pe

Permeabl ity (cm/s}) (hydraullc conductivity)
Bentonite (Na) (h)
ranges from: 1 x 10(-11)
to:
Source: ONWi-312 (1981), p. 10
Parmeabl | ity (cm/s) (hydraulic conductivity)
Bentonlte (Na) (1)
ranges from: 3 x 10(-8)
to: 1,5 x 10(~9)
Source: ONW{-312 (1981), p. 10

Permeabl |11y {(cm/s) (hydraullc conductivity)
Bentonite and Sand (a)

Oregon
ranges from: 9.5 x 10(-8)
to:
Source: RHO-BW!-SA-80 (1981), p, 7
Parmeabi ity (cm/s) (hydraullc conductivity)
Bentonlte and Sand (b}
Oregon
ranges from: <9,5 x 10(-8}
to:
Source: RHO-BWI-SA-80 (198%1), p. 7

Permeabliilty (cm/s) (hydraulic conductivity)
Bentonites and Sand (¢)
Wyomlng
ranges from: <9,5 x 10(-8)
to:
Source: RHO-BW{-S5A-380 (1981), p, 7
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Pormeabl 11ty (cm/s) (hydraullc conductivity)
Bantonlte and Sand (d)

¥yom! ng

ranges from:

to:

Source: RHO-BWI-SA-80 (1981), p, 7

<9,5 x 10(~8)

Fermeabl ITty (cm/s) (hydiraullc conductivlty)
Clay and Sand

Hanford

ranges from:

IH

Source:

<8,5 x 10(-8}
RHO-BY1 ~SA-80 (1981), p, 7

Permoobl 1ty (em/5) (hydraullc conductivity)
Sha'ts (b)
Great Plains
ranges from: 1 x 10(-6)
to: 1 x 10(-10)
Source: ORNL/Sub/84-64794/1 (1985),
p. 293

Permeabl | Ity
Shale
Ohlo

ranges from:

to:
Source:

(ft/yr) (hydrsullc conductivlty)

10(-3) (9,7 x 10¢-10) cm/s}
10(-4) (9.7 x 10¢-11) cm/s)
Y/OW1 S TM3S/6 (1978), p. S5-14

Permeabl Tty (ft/yr) (hydraullc conductivity)

Shale (a)
ranges from: 0,1 (9.7 x 10(-8) cm/s)
to: 0,05 (4,8 x 10(-8) cm/s)

Source: Y/OW!/TM36/6 (1978}, p. 7-8

Permeabl ity (ft/yr) (hydraullc conductivity)

Shales (f)
Various
ranges from: 1,0 x 10(~4) (9.7 x 10(~11)
cm/s)
to: 1,1 x 10(3) (1.1 x 10(-4)
ch/s)

Source: Y/OWl/TM36/6 (1978), p. A-16

Permsabl Ity (horizontal) (ft/yr) (hydraullc

conductivity)
Shals
rangss from: 0,01 (2.7 x 10(~9) cm/s)
to:
Source: Y/CW)/TM36/6 (1978), p., 3-24

Permaabl 1Tty (horfzontai) (f1/yr) (hydraulle

conductivity)
Shals
Ohlo
ranges from: 0,1 (9.7 x 10(=-8) cm/is)
to:
Source: Y/OW!/TM36/6 (1978}, p. 4~12

Permeab! ity (hortzontatl) (ft/yr) (hydraulle

conductivity)

Shale (e)
ranges from: 1 x 10(~4} (9,7 x 10(~11) cm/s)
to: 1 x 10(3) (9.7 x 10(~4) cm/s)

Source: Y/OM!/TM38/6 (i978), p, 2-2

FPermeabl ity (m(2))
Bantonite (Ca) and (Na)
ranges from: 1 x 10(-16) (9.7 x 10(=8)
cm/s)
to:
Source: NUREG/CP-0052 (1983), pn, 209

Permeabl Ilty (m{2))
Bentonite and Sand (e}
Wyom!ng

ranges froms 3 x 10(~18) (2,9 x 10(~9}
cm/s)
To:
Source: NUREG/CP-0052 (1983), p. 220

Permeabl 11ty (m(2))
Bentonlte and Sand (f)
Wyom!ng

ranges from: 8 x 10(-18) (7,8 x 192(-9)
cm/s)
to:
Source: NUREG/CP-0052 (1983), p. 220

Permeablilty (m(2))
Kaolinlte (a)

ranges from: 1 x 10(~16) (9.7 x 10(~8)
com/fs)
to2
Source: NUREG/CP-0052 (1983), p, 209

Parmeabl 1ty (m(2))
Kaolinlte (b}

ranges from: 5 x 10(~-17} (4,9 x 10(-8)
cm/s)
to:
Source: MUREG/CP-0052 (i1983), p. 209

Pormeab! Ity (m(2))
Kaol!nlte and Sand
ranges from: 2 x 10(-16)
cm/s)
tos
Source: NUREG/CP-0052 (19935, p, 209

(1,9 x 10(~-7)

Permeabl Ity (m(2))

Shales (e}
ranges from: 10(~17) (9.7 x 10(~9) cm/s)
to: 10(~21) (9.7 x 10{~13) cm/s)
Source: ORNL-6241/V2 (In preparation)

p. 199

Parmaabl 11ty (m(2))
Smect!te (Ca) (b)
ranges from: 3 x 10(-~18)
cmis)
Tos
Source: NUREG/CP~0052 (1983), p, 209

(2,9 x 10(~9)

Parmaabl ity (m(2))
Smectite (Ca) and Sand
rangss from: 4 x 10(=17)
cm/s)
Toz
Source: NUREG/CP-0052 (1983}, p, 209

(3.9 x 10(-83



Permeabl Hlty (m(2)})
Smectlte (Na) and Sand
ranges from: 5 x 10(-19)}
cm/s)
tos
Source:

(4,9 x 10(-10)

MUREG/CP-Q052 (1983}, p., 209

Permeabl ity (m/s) (hydraullc conductlivity)
Benton!te (Ca)
ranges from: 1 x 10{(~9)

tos
Source: KBS TEKNISK RAPPORT 9 (1977),
p. 4

(1 x 10(~7) cm/s)

Parmeablilty (m/5) (hydraullc conductivity)
Bentonlte (Na) (j)

ranges from: 5 x 10(-13) (5 x 10(~13) cm/s
to: 1 x 10{~-11) (1 x 10{(~9) cm/s)
Source: KBS TEKNISK RAPPORT 74 {(1978),

p. 8
Permeab! ity (m/s) (hydraulfc conductivity)
Bentonlte (Na) (k)
ranges from: ca, 1 x 10{-11)
10(-9) cm/s)

(ca, 1 x
to:
Source: KBS TEKNISK RAPPORT 9 (1977),

p. 4

Permeabl §lty (m/s) (hydraullc conductlivity)
Bentonlte (Na) (1)
ranges from: ca, 3 x 10{-11)

10(~9) cm/s)

(ca, 3 x

to:
Source: KBS TEKNISK RAPPORT 9 (1977},

p. 4

Permeabl ity (m/s) (hydrau!lc conductlvity}
Bentonlte (Na) (m)

ranges from: 1| x 10{~10) (1 x 10(~8) cm/s)
(max!mum)
to:
Source: KBS TEKNISK RAPPORT 9 (1977),
P. 3

FPermeabl ity (md)
Clays and Shales

ranges from: 8 x 10(~-4) (7,7 x 10(~10)
cm/s)
to: 2 x 10(~6) (1,9 x 10(-12)
cm/s}
Source: Proc NEA wWorkshop OECD (1979b),
¢ p, 69
Permeadbl Ity (md)
Shale
ranges from: 5 x 10(-2) (4,9 x 10(-Ncm/s)
to:
Source: Y/OW1/SUB~7009/1 (1976), p. 11
Parmeabl {1ty (md)
Shale

Cailfornla

rangss from: 4 x 10(-4) (3.8 x 10(~-10}
cmis)
tos
Source: Y/OM1/SUB-7009/1 (1976), p, N
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Permeabl ity (md)
Shale
Colorado

ranges from: <0,05

to:
Source: Y/OW!/SUB-7009/1 (1976), p, 14

(<4,9 x 10(~Tdem/s)

Permeablilty (md)

Shale
Gulf Coast
ranges from: 1 x 10(-8) (9.6 x 10(-15)
cm/s) (1)
tor 2,5 x 10(-9) (2,4 x 10(-15)
cm/s) (1)
Source: Y/0W!1/SUB-7009/1 (1976), p, 1
Permeabl !ty (md)
Shale
Mlch!gan
ranges from: 0,001 (1 x 10(~9) cm/3)
to: 2,0 (1.9 x 10(~6) cm/s)

Source: ORNL/5703 (1983), p, 109

Permeab! 1Tty (md)
Shale
Mlchlgan
ranges from: 0,001 (1 x 10(-9) cm/s)
to: 2,0 (1,9 x 10(~6) cm/s)
Source: ORNL/Sub/84~64794/1 (1985),
p. 98

Permeabl !ty (md)
Shale (a)

ranges from: 1,1 x 10(-%) (1.1 x 10(-10)
cm/s)
to:
Source: Y/OWI/SUB-7009/1 (1976), p. 11

Permeabl 11ty (md)
Shales

ranges from: 8 x 10(~4)

cm/s)

2 x 10(~6)

cm/s)

Y/OW1 /SUB-7009/1 (1976), p.

(7.7 x 10(-10)

to: (1,9 x 10(-12)

- Source:
Permeabl1{ty (md)
Shales
IHiInols
ranges from: 2 x 10(-6)
cm/s)

(1.9 x 10(=12)

to:

Source: Y/OM|/SUB-7009/1 (1976), p, 11
Permeab! 11ty
Shalas
Montana
ranges from:

(md)

6 x 10(-4)
cm/s)

(5.8 x 10(~10}

to:

Source: Y/OM1/SUB-7009/1 (1976, p, 11

Rermeabl | Ity (md)
Shales

New Mex{co

ranges from: 2 x 10(-6) (1.2 x 10(~12)
cm/s)
to:
Scurce: Y/OW!/SuB-7009/1 (1976), p, 11
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Permeabl ity (md}
Shales
Ok lahoma
ranges from: 8 x 10(-4)
cm/s)

(7.7 x 10(-10)

to:
Source: Y/CWi/SUB~7009/1 (1976}, p. 11

Permeabllity (md}

Shales

Texas
ranges from: 3 x 10(-4) (2.9 x 10(=10) cmfs)
to: 7 x 10(-6) 6,7 x 10(~12) cm/s)

Source: Y/O41/SUB-7009/% (1976), p. 11
Parmeabl i1ty (md)
Shales
Utah
ranges from:; 7 x 10(~6)

(6.7 x 10(~-12) cm/s)

to:
Source: Y/OW!/SUB~7009/1 (1976), p, 11

Permsabllity {(mlcrodarcles)

Shate (b)
ranges from: 100 (1 x 10(~7) cm/s)
to: 0,01 (1 x 10(~9) cm/s)
Source: ORNL-6241/V2 (in preparation)

p. 199

Permeabl Ity (vertical) (factor of K
horizontal)
Shalae

ranges from:

to:

Sourca:

1/2Kh
1/10Kh
Y/Cvi /TM36/6 (1978), p. 2-2

Parmeabllity (vertical) (ft/yr) (hydraullc
conductivity)
Shale
ranges from: 0,005
to:
Source: Y/OW!/TM36/6 (1978), p, 3~24

(5 x 10{~9) cm/s)

Permsabl lity (vertica!) (ft/yr) (hydraulic

conductivity)
Shals
Ohio
ranges from: 0,05 (5 x 10(-8) cm/s)
to:
Source: Y/} /TM36/6 (1978), p. 4~12

Speci fic storage (i/m)
Shale
ranges from:
to:
Source: ORNL-6241/V2 (in preparation)
p. 99

I x 10(-6)

Spaclfic storage (l/m)
Shate

ranges from:

to:

Sourca:

4.3 x 10(~7)

2.8 x 10(~6)

ORNL-6241/¥2 (In preparation)
pe. 57

Specltic storage (m(~1)) (?)
Shals
ranges from: 5 x 10(-6)
to: 5 x 10(=7}
Source: ORNL-6241/V1 (in preparation)
p. 33

Trave! time (ysars)
Shale
ranges frcm: >100,000
to: >100,000
Source: ORNL~6241/V1
Pe 36

(in preparation)



197

Bulk modulus (conflned) (GPa)
Arglllite

ranges from:
to:
Source:

Bulk modulus
Shales
ranges from:
to:

Source:

Bulk modulus
Shale

ranges from:

to:

Source:

Bulk modulus
Shale

ranges from:

to:

Source:

Bulk modulus
Shale
Ohio

ranges from:

tor
Source:

Bulk modulus
Shale
Ohio

ranges from:

to:
Source;

14,0

(1,4 x 10(4) MWPa)

Proc NEA Workshop OECD (1979b),

p. 87

(Pa x 10(10))

ca, 50

ca, 200
ORNL~6241/V2
pe 199

(pst)

7.6 x 10(5)

Y/OM1 /TM36/6
(pst)

77.8 x 10(3)
Y /Wi /TM36/6

(pst)

6.3 x 10(5)
Y/OR1/TM36/6
{(psl)

1.1 x 10(5)
Y/0W\ /TM36/6

Coheston (MPa)

Clay
Belglium
ranges from:
to:
Source:

1 x 10(-1)
1

(ca.
(ca. 2 x 10(6) MPa)

5 x 10(5) MPa)

{in preparation)

(5.2 x 10(3) MPa)
(1978), p. 7-8

(5.4 x 10(2) MWPa)
(1978), p, 3-24

(4.3 x 10(3) WPa)
(1978), p, 5-14

(7.6 x 10(2) MPa)
(1978), p. 4-12

Rad Waste Management and Nuclear
Fuel Cycle v,6 (1985), p, 54

Coheslion (MPa)

Clay
Italy
ranges from:
to:
Source:

1 x 10(-1)

Rad Waste Management and Nuclear
Fuel Cycle v,6 (1985), p, 54

Cohaesion (psi)

Shale

Ohio
ranges from:
to:

5,900

(4.1 x 10(1) MPa)

Source: Y/OW|/TM36/6 (1978), p, S5-14

Coheslon (psl)

Shale
Ohio
ranges from:
to:
Source:

14

Y/ /TM36/6

(1 x 10¢(~1) MPa)

(1978), p. 4-12

Cohesion (psi)
Shale (a)
ranges from: 0 (0 MPa)
to: 4,250 (3 x 10(1) MPa)
Source: Y/OWl/TM36/6 (1978), p, 2~2

Coheslon (psi)
Shale (b)
ranges from: 6 x 10(3)
to: -
Source: Y/OW)/TM36/6 (1978), p, 7-8

(4,1 x 10¢1) MPa)

Coheslion (psi)
Shale (c)
ranges from: 206
to: -
Source: Y/OW!/TM36/6 (1978), p, 3~24

(1,4 Wa)

Cohestion {psl)
Shale (d)
Great Plains
ranges from: 2 (1,4 x 10{(~2) MPa)
to: 30 (2,1 x 10(~1) MPa)
Source: ORNL/Sub/B4-64794/1 (1985),
pe 293

Cohesion (unconfined) (MPa)
Argliiite
ranges from: 8 x 10(-1)
to: ~
Source: Proc NEA Workshop OECD (1979b),

p. 87 .

Compressive strength (kg/cm(2))
Shale (a)
Montana
ranges from: 122 (1,2 x 10(1) MPa)
to: 25 (2.5 Wa)
Source: Y/OW1/TM36/6 (1978), p, 6~-13

Compressive strength (kg/cm(2))

Shale (b)
Montana
ranges from: 25 (2,5 MWPa)
to: 55 (5.4 Wa)

Source: Y/OW!/TM36/6 (1978), p, 6-13

Compressive strength (MPa)
Ot Shales
ranges from: 35
to: 138
Source: ORNL/Sub/84-64794/1 (1985),
pe 348

Compressive strength (MPa)
011 Shales
ranges from: 138
to: 172
Source: ORNL/Sub/84-64794/1 (1985),
p. 348

Compressive strength (MPa)
Shale
indiana
ranges from: 11
to: 115
Source: ORNL/Sub/84-64794/1 (1985),
p. 60



Compresslve strength (MPa)
Shales
Waestern Ohio

ranges from: 20

to: 32
Source: ORNL/Sub/84-64794/1 (1985),
p. 71
Comprassive strength (psl)
Shale
ranges from: 8.5 x 10(3) (5.9 x 10(1) MPa}
to: -
Source: Y/(Hl/TM3G6/6 (1978}, p. 6-3

Compressive strength (psl)
Shale
New Mexlco
ranges from: 1,000 (6.9 M*a)
to: 6,000 (4,1 x 10(1) MPa)
Source: Y/ /TM36/6 (1978), p., B-5

Compressive strength (psl)
Shale
New Msxico
ranges from: 1,000 (6,9 Ma)
fo: 8,000 (5.5 x 10(1) Ma)
Source: Y/OWI /TM36/6 (1978), p, 8-2

Compressive strength (psi)
Shale (b}
Great Plains
ranges from: 70 (4,8 x 10(~1) MPa)
to: 2,530 (1.7 x 10(1) #a)
Source: ORNL/Sub/84~64794/1 (1985),
pe 293

Compressive strength (psl)
Smactite (Na), Kaollnite, Sand Mixtures

(2}
Osage, NY
rangss from: 76,9 (5.3 x 10(-1) ¥Wa)
to: 541,0 (3,7 Wa)

Source: ONW!-312 (1981), p, 24

Compressive strength (psl)
Smactite (Na), Kaclilinite, Sand Mixtures

{b)
Osage, NY
ranges from: 9,1 (6.3 x 10(-2) MPa)
to: 85,5 (5.2 x 10(~1) ¥P3a)
Souicas OMd!~-312 (1981}, p, 24

Compressive strength (unconfined) (Ma)
Argililte
ranges from: 4,75
to: -
Source: Proc NEA Workshop OECD (1979b),
p. 87

Compressive strength (unconflined) (Ma)
Bentonite and Sand (a)
Oregon
ranges frcm: ca, 0
to: ca, 1,8
Source: RHO-~BYW!~SA-80 (1981), Fig. 4
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Compressive strength (unconfined) (Ma)
Bentonite and Sand (b)
Wyomlng
ranges from: ca. 0
to: ca, 3
Source: RHO-BW!~-SA-80 (1981), Fig. 4

Compresslve strength (unconfined) (M a)
Shales (a)
ranges from: 25,2
to: 113,6
Source: ORNL-6241/V3 (in preparation)
p. 110

Compresslive strangth (unconfined) (psi)
Bentonlite (Ma) (a)
rangss from: 55.5 (3.8 x 10(~-1) MPa)
to: -
Source: OM§l~312 (1981), p. 22

Compressive strength (unconfined) (psi)
Kao!llinlte
rangss from: 100,3
to: =
Source: OMWE~312 (1981), p, 22

(6.9 x 10(~1) #¥Pa)

Compresslive strength (unconfined) (pst)
Shates (b)
Various
ranges from: <100 ( <6,9 x 10(~-1) MPa)
to: 3.7 x 10{4) (2,5 x 10(2) MPa)
Source: Y/OWi/TM36/6 (1978), p, A-4,5,6

Compressive strength {unlaxlal) (MPa}
Bentonite (Na) (b)
ranges from: 8,9

to: -
Source: KBS TEKNISK RAPPURT 74 (1978},
p. 14
Comprassive strength (uniaxial) (Ma)
Shale
Chio
ranges from: 13,8
to: -
Source: ORNL/Sub/84-647%4/1 (1985),
p. 108
Compressive stirength {(uniaxial) (psi)
Shals
Ohio
ranges from: 1 x 10(4) (6,9 x 10(1) MPa)
to: -

Source: Y/OM!/TM36/6 (1978), p. 5-14

Compressive strength (unlaxial) (psi}
Shale
Chlo
ranges from: 2 x 10(3) (1,4 x 10(1) MPa)
to: -
Source: Y/O4l/TM36/6 (1978), p. 4-~12

Comprassive strength (unlaxial) (psi}
Shals (a)
rangas from: 70 (4.8 x 10(-1) ¥a)
to: 3.7 x 10(4) (2.5 x 10(2) M a}
Source: Y/OW1/TM%6/6 (1978), p. 2-2
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Compressive strength {uniaxiatl) (psi)
Shale (a)

ranges from: 2,1 x 10(3)
to: -~

Source: Y/OWl/TM36/6 (1978), p, 3-24

(1.4 x 10(1) WPa)

Compressive strength (untaxial) (psl)
Shatle (b)

ranges from: 1 x 10(4)
to: ~

Source: Y/OMi/TM36/6 (1978), p, 7-8

(6,9 x 10(1) MPa)

Friction angle (angle of shear resistance)
(deg)
Clay
Belglum
ranges from: 19
to: -
Source: Rad Waste Management and Nuclear
Fuel Cycle v,6 (i985), p, 54

Friction angle (angle of shear resistance)
(deg)
Ciay
Italy
ranges from: 25
to: -
Source: Rad Waste Management and Nuclear
Fuel Cycle v,6 (1985), p, 54

Friction angle {deg)
Shale
Ohio
ranges from: 23,4
to: -~
Source: Y/OW)/TM36/6 (1978), p, 5~14

Friction angle {deg)
Shale
Chio
rangss from: 22
to: ~
+ Source: Y/OW|/TM36/6 (1978), p., 4-12

Friction angle (deg)
Shate (a)
ranges from: 4,2
to: 56
Source: Y/OWI/TM36/6 (1978), p, 2~2

Friction angle (deg)
Shale (a)
ranges from: 5.3
to: -
Source: Y/OWi/TM36/6 (1978), p., 3~24

Friction angle (deg)
Shale (b)
ranges from: 26
to:r -~
Source: Y/OW!/TM36/6 (1978), p, 7-8

Friction angle {(ditlation angle) (deg)
Shale {c)
ranges from: +5
to: -5
Source: Y/OWi /TM36/6 (1978), p, 2-2

Frictlion angle (Internal) (deg)
Argllitite
ranges from: 33
to: -
Source: Proc NEA Workshop OECD (1979b)
p. 87

Friction angle (Internal) (deg)
Shale (b)
Great Plalns
ranges from: 8
to: 25
Source: ORNL/Sub/84-64794/1 (1985),
pP. 293

Friction angle (internatl) (deg)
Shale (d}
ranges from: 14,2
to: 51,0
Source: ORN:;624I/VI (In preparation)
P

Friction angle (residual) (tan)
Itlite (Na) (a)
ranges from: 0,3
to: 0.7
Source: ONW|-486 (1983), p, 47

Friction angle (restdual) (tan)
Illite (Na)} (b)
ranges from: 0,47
to: 0,7
Source: ONWI-486 (1983}, p, 47

Friction angle (reslidual) (tan)
Kaotinlte
ranges from: 0,27
to: 0,7
Source: ONWI~-486 (1983), p. 47

Friction angle (residual) (tan)
Smectite (Na) (a)
ranges from: 0,09
to: 0,7
Source: ONWI-486 (1983), p, 47

Friction angle (residual) (tan)
Smactite (Na) (b)
ranges from: 0,18
to: 0,7
Source: ONWI-486 (1983), p, 47

Plasticity (liquid limtt) (%)
Bentonite

Wyoming

ranges from:

to: -

Source: RHO-BWI~SA-80 (1981), p, 6

553.1

Piasticlty (liquid limit) (B
Bentonite {(a)
Oregon
ranges from: 209.6
to: -
Source: RHO-BWi-SA~-80 (1981), p, 6
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Plastlcity (llquid limlit) (%)
Santonite (b)
Oragon
ranges from: 212,69
to: -
Source: RHO-BW!~S5A-8C (1981), p. 6

Piasticlity (llquld limlt) (%)
S8antonite (Na)
Wyoml ng
ranges from: 260
to: -
Souirce: AECL-7825 (1984), p, 12

Plastlclity (llquid limit) (£)
Bantonite (Ma) (a)
ranges from: 98
to: -~
Saurca: AECL-T7825 (1984), p, 12

Plasticlty (liquid tim!t) ($)
Clay
Beliglium
ranges from: 77,5
to: ~
Source: Rad ¥Waste Management and Nuclesr
Fuel Cycle v,6 (1985), p, 54

FPlasticity (liquid liml+) (%)
Ciey
England
ranges from: 55
fo: -
Scurce: Rad Waste Management and Nuclear
Fual Cycls v,6 (1985), p. 54

Plasticity (llquid limlt) (%)
Clay
Hanford
rangss from: 44,6
fo: -
Scurce: RHO-BW!-~SA-80 (1981), p, &

Plasticity (ilquld (Imi+} (%)
Ciay
Hanford
ranges fram: 63,9
to: -
Source: RHO-BW!-SA-80 (1981}, p. 6

Plasticity (liqulid 1mi+) (%)
Ciay
| taly
rangss from: 50
to: -
Source: Rad Wazte Management and Nuc!ear
Fuel Cycle v,6 {1983), p, 5¢

Piasticity (llquid l=m!*) ()
tilite (Ca)
Jackson County, O
ranges from: 69
to: -
Scurce: OMEl-485 (1983), p, 43

Pilasticlty (liquld limit) (%)
111ite (Ca) (a)
Fithian, L
ranges from: 90
to: -
Sourcs: OMy!~A86 (1983), p, 43

Piasticlty (llquid linlt) (8)
11lites (Ca) (b)
Grundy County, IL
ranges from: 100
to: -
Source: CMW!-486 (1983), p. 43

Piasticity (liquid Hmlit) ()
Kac!inite (Ca)
Anna, L
ranges from: 73
to: -
Source: ONW!~486 (1983), p, 43

Plasticlty (llquid timit) (%)
Kas!inite (Ca)
Ory Branch, GA
ranges from: 34
fo: -
Source: OMW!~486 (1983), p, 43

Plasticlty (liquid limit) (8)
Shala (a)
Great Plains

ranges from: 3%

to: 113
Source: ORNL/Sub/84-64794/1 (1985),
P. 291
FPlasticity (liqutd limlt) (£}
Shata (b)
Great Plains
ranges froms 55
to: 202
Source: CORNL/Sub/84-54794/1 (1985),
Pe 293

Plastlclty (liguld 1imit) (%)
Shalss, Mudetones, Siltstones
Varlous
rangss from: 17,8
to: 224
Source: Y/OH! /TM36/6 (1978), p, 6-20 to
6-26

Plasticity (liquld limlt) ($)
Smectlite (Cal
Bells Fourche, SD
ranges from: 177
to: -
Source: Chal~A86 (1983), p, 43

Plasticity (liquld limit) (%)
Smactite (Ca)
Chato, AZ
ranges froam: 155
toi

Source: OMdl-486 (1283), p, 43



Piasticlty (liquid limit) (§)
Smectite (Ca)
Omsted, IL
ranges from: 123
to: -~
Source: ONW!-486 (1983), p, 43

Plasticity (11quid Himit) (%)
Smactite (Ca)
Pontotoc, MS
ranges from: 166
to: -
Source: ONWI=-486 (1983), p, 43

Plasticlity (liquidity lndex)
Shale
Montana

ranges from: -0,11

to: ~
Source: Y/OWi/TM36/6 (1978}, p. 6-1

Plasticity (plastic Index) (§)
Bentonite
Wyomlng

ranges from: 519,5

to: -
Source: RHO-BW!-SA-80 (1981), p, 6

Plasticity (plastic index) (%)
Bentonite (a)
Oregon
ranges from: 168,58
to: -
Source: RHO-BWI~-SA-80 (1981), p, 6

Plasticity (plastic Index) (%)
Bentonite (b)
Oregon
ranges from: 174,6
to: -~
Source: RHO~BWI-SA-80 (1981), p, 6

Plasticlity (plastic index) (§)
Cilay
Hanford
ranges from: 18,8
to: -
Source: RHO-BWI~SA-80 (1981), p, 6

Plasticity (plastic Index) (%)
Ctay
Hanford
ranges from: 40,8
to: -
Source: RHO-BWI-SA~-80 (1981), p, 6

Ptasticity (plastic Himit) (£)
Bentonite
Wyoming
ranges from: 33,6
to: -~
Source: RHO-BW!I-SA-80 (1981), p, 6

Plasticlty (plastic limlt) (%)
Bentonlite (a)
Oregon
ranges from: 41,0
to: -
Source: RHO-BW!-S5A-80 (1981), p, 6

Plasticity (plastic limit) (%)
Bentonite (b)
Oregon
ranges from: 38,1
to: ~
Source: RHO-BW!-SA-80 (1981), p, 6

Plasticity (plastic limit) (%)
Bentonite (Na) (a)
Wyomlng
ranges from: 50
to: -
Source: AECL-7825 (1984), p, 12

Plastlcity (plastic timit) ()
Bentonlite (Na) (b)
Wyomling
ranges from: 19
to: -~
Source: AECL-7825 (1984), p, 12

Plasticlty (plastic 1imit) (%)
Clay
Belglum
ranges from: 26,5
to: ~
Source: Rad Waste Management and Nuclear
Fue! Cycle v,6 (1985), p, 54

Plasticity (plastic timit) (%)
Clay
England
ranges from: 26
to: -
Source: Rad Waste Management and Nuclear
Fue! Cycle v,6 (1985), p, 54

Plasticity (plastic lmit) (%)
Clay
Hanford
ranges from: 25,8
to: -
Source: RHO-BWI~5A-80 (1981), p, 6

Plasticity (plastic limit) (§)
Clay
Hanford
ranges from: 23,1
to: -
Source: RHO-BWI-SA-B0 (1981), p. 6

Plasticity (plastic limit) (%)
Clay
ltaly
ranges from: 25
to: -
Source: Rad Waste Management and Nuclear
Fuel Cycle v,6 (1985), p, 54

Plasticity (plastic timit) (%)
1tite (Ca)
Jackson County, OH
ranges from:

to: -
Source: ONW!~486 (1983), p, 43



Plasticlty (plastic Himit) (§)
Fllite (Cal (a)
Fithian, IL
ranges from: 40
To: -
Source: ONwl~-486 (1983), p, 43
Plasticity (plastic Ilmit) ($)
1111te (Ca) (b)
Grundy County, L
ranges from: 42
to: -
Source: ONW!-486 (1983), p, 43

Ptasticlty (plastic timit) (%)
Kaolinlite (Ca}
Anna, IL
ranges from: 36
tor -
Source: ONW!-486 (1983), p, 43

Plasticity (plastic limit) (%)
Kaolinite (Ca)
Dry Branch, GA
ranges from: 26
to: -
Source: ONW!~486 (1983), p, 43

Plasticlty (plastic limi?) (%)
Shale (a)
Great Plains
ranges from: 20
to: 62
Source: ORNL/Sub/84-64794/1 (1985),
p. 29!

Plasticlty (plastic limi+) (%)
Shale (b)
Great Plalns
ranges from: 22
to: 39
Source: ORNL/Sub/84-64794/1 (1985),
p. 293

Plasticity (plastic limit) ()
Shales, Mudstones, Slltstonss
Various
ranges from: 15,0
to: 45,5
Source: Y/OWl/TM36/6 (1978}, p. 6-20 to
6-26

Plasticity (plastic iHimlt) (%)
Smectite (Ca)
Belle Fourche, SD
ranges from: 63
to: -
Source: ONW!~4856 (1983), p. 43

Plasticlty (plastic limit) (%)
Smectite (Ca)
Cheto, AZ
rangss from: 65
to:

Source: ONW1-~486 (1983), p. 43
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Plasticity (plastic limit) (%)
Smectite (Ca)

Omsted, IL
ranges from: 79
to: -

Source: ONW!-486 (1983), p. 43

Plasticity (ptastic limit) (%)
Smactite (Ca)
Pontotoc, MS
ranges from: &5
to: -
Source: ONWi-486 (1983), o, 43

Plasticity (plasticity Index) (%)
Bentonltte (Na) (a)
Wyoming
ranges fram: 210
to: -
Source: AECL-7825 (1984), p, 12

Plasticity (plasticity iIndex) (%)
Benteonite (Na) (b)
Wyoming
ranges from: 79
to: -~

Source: AECL-~7825 (1984), p, 12

Piasticlity (plasticlty index) (%)
Clay
Loulisiana
ranges from: 40
to: -
Source: ORNL/Sub/84-64794/1 (1985),
p. 173

Plasticity (plasticity Index) (#)
lllite
ranges fram: 0
to: 90
Source: ONWI-486 (1983), p, 45

Plasticity (plasticlty Index) (%)
Kaolinite
ranges from: O
to: 35
Source: ON#i-485 (1983), p, 45

Plasticity (plasticlty Index) (%)
Shale
Great Plalins
ranges from: 30
to: 110
Source: ORNL/Sub/84-64794/1 (1985),
pe. 293

Plasticity (plasticlty Index) (%)
Shales, Mudstones, Silitstones
Various
ranges from: 1.8
to: 192
Source: Y/CHl/TM36/6 (1978); p, 6-20 to
6-26

Plasticity (plasticity Index) (%)
Smectite (Na?
ranges from: 0O
to: 500
Source: ONW!--486 (1983), p, 45



203

Plasticlty (shrinkage limit) (%)
Bentonlite (a)
Oregon
ranges from: 8,47
to: -
Source: RHO-BW!~SA-80 (1981), p, 6

Plasticity (shrinkage limlt) (%)
Bentonits (b)
Oregon
ranges from: 8,96
to: -
Source: RHO-BW!-SA-80 (1981), p, 6

Plasticity (shrinkage 1imit) (£)
Cilay
Hanford
ranges from: 19,75
to: ~
Source: RHO-BWI-SA-80 (1981), p. 6

Polisson's ratio
Arglilite
ranges from: 0,30
to: -
Source: Proc NEA Workshop OECD (1979b),
p. 87

Polsson's ratio
Bentonlte
Wyomling
ranges from: 0,15
to;: ~
Source: ONW1-486 (1983), p, 63

Polsson's ratio
011l Shales
ranges from: 0,2
to: 0,3
Source: ORNL/Sub/84-64794/1 (1985),
P. 348

Poisson's ratio
0f1 Shales
ranges from: 0,15
to: 0,20
Source: ORNL/Sub/84-64794/1 (1985),
p, 348

Poisson's ratio
Shale
ranges from: 0,2
to: -
Source: Y/OWIi/TM36/6 (1978), p., 3-24

Polisson's ratle
Shale
Ohio
ranges from: 0,1
to: -
Source: Y/OWl /TM36/6 (1978), p, 5-14

Polsson's ratlo
Shale
Ohio
ranges from: 0,25
to: -
Source: Y/OW!/TM36/6 (1978), p, 4~-12

Polsson's ratio
Shale (a)
ranges from: 0,03
to: 0,50
Source: Y/OWl/TM36/6 (1978), p, 2-2

Poisson's ratio
Shale (b)
ranges from: 0,15
to: ~
Source: Y/OW!/TM36/6 (1978), p, 7-8

Poisson's ratio
Shales (a)
ranges from: 0,11
to: 0,31
Source: ORNL~-6241/V3 (in preparation)
p. 110

Polisson's ratio
Shales (b)
Varlous
ranges from: 0,03
to: 0,77
Source: Y/OM!/TM36/6 (1978), p, A-11

Ratio of strength to overburden stress

Shale
ranges from: 1,3
to: 6,0
Source: ORNL~6241/V1 (in preparation)
Pe 53
Shear modulus (Pa x 10(¢10))
Shales (a)
ranges from: 0,1 (1 x 10(3) MPa)
to: 100 (1 x 10(6) MPa)
Source: ORNL~6241/V2 (in preparation)
p. 199
Shear modulus (psl)
Shale
ranges from: 6.2 x 10(5) (4,3 x 10(3) MPa)
to: -

Source: Y/OMI/TM36/6 (1978), p, 7-8

Shear modulus (pst)
Shale
ranges from: 58,3 x 10(3)
to: -
Source: Y/OWI/TM36/6 (1878), p, 3-24

(4 x 10(2) Wa)

Shear modulus (psi)
Shale
Ohio
ranges from: 6,8 x 10(5)
to: -
Source: Y/OW!/TM36/6 (1978), p, 5-14

(4,7 x 10(3) MPa)

Shear modulus (psi)
Shale
Ohio
ranges from: 6,8 x 10(4)
to: -
Source: Y/OW|/TM36/6 (1978), p, 4-12

(4,7 x 10(2) MWPa)
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Shear modulus (psi)
Shates (b)
Various
ranges from: 1,7 x 10(6) (1.2 x 10(4) Wa)
to: 3,6 x 10(6) (2.5 x 10(4) MPa)
Sourca: Y/l /TM356/6 (1978), p, A-10

Shear strength (kPa)
Bentonite (Na) (a)

ranges from: 1,600 (1,6 #a)
to: <15 ( <1,5 x 10(~2) Wa)
Source: KBS TEKNISK RAPPORT 74 (1978},
pe 16

Shear strength (MPa)
Bentonlte (Na) (b)
ranges from: 4,5
to:r -
Source: KBS TEKNISK RAPPORT 74 (1978),
p. 14

Shear strength (undrained) (MPa)
Clay
Betglum
ranges from: 0,6
to: -
Source: Rad Waste Management and Nuclear
Fue! Cycle v,6 (1985), p., 54

Shear strength (undralined) (MPa)
Clay
England
ranges from: 1,2
to: ~
Source: Rad Waste Management and Nuclear
Fuel Cycle v,6 (1985}, p, 54

Shear strength (undralned) (MPa)
Clay
Italy
ranges from: 1,5
to: ~
Source: Rad Waste Management and Nuclear
Fuel Cycle v,6 (1985), p. 54

Strength (MPa)
Cleay
Louislana
ranges from: 0,19
to: -
Source: ORNL/Sub/84-64794/1 (1985),
p. 173

Swalling (%)
Bentonlte (a)
ranges from: 5
to: 20
Source: KBS TEKNISK RAPPORT 9 (19773,
P. 5

Swelling (%)
Bentonite (b}
ranges from: 15
to: 30
Source: KBS TEKNISK RAPPORT 9 (1977,
p. 6

Swelling (%)
Bentonite {(c)
ranges from: 1
to: 50
Source: ONWi-486 (1983),

Swelling (%)
litite
rangss from: <2
to: 20
Source: OMWI-486 (1983),

Swelling (%)
I11ite and Rentonite (a)
ranges from: |
to: 54
Source: ONW!-436 (1983), p,
Swelling (%)
[H{T1te and Bentonite (b}
ranges from: <2
to: 30
Source: ONW1-486 (1983), p,
Swalling ($)
l1tite and Kaolinite
ranges from: <2
to: <10
Source: ONWl-486 (1983),

Swelling (%)
Kaolinite
ranges from: <2
to: 4
Source: ONW!-486 (1983), p.
Swelling (%)
Kaollnite and Bentonite
ranges from: 2
to: 35
Source: ONW!-486 (1983),

Swelllng (potential) (§)
Shale
Canada
ranges from: 2
to: 20
Source: ORNL/Sub/84-64794/1
pP. 293

Swe!lling (potential) (¥)
Shale
Great Plains
ranges from: 3
to: 5
Source: ORNL/Sub/84-54794/1
pe 293

Swellling distance (mm)
Bentonite
ranges from: 1
to: 11
Scurce: OMd!-~312 (1981), p.

49

49

49

49

49

49

49

(1985),

(1985),

16



Swelling pressure (kPa)
Bentonite (a)
ranges from: 30 (0,03 Ma) (7)
to: 110 (0,11 MPa) ()
Source: KBS TEKN!SK RAPPORT 9 (1977),
p. 6

Swelling pressure (kPa)
Bentonite (b)

ranges from: 30 (0,03 Wa) ()

to: 200 (0,20 MPa) (1)
Source: KBS TEKNISK RAPPORT 9 (1977),
p. 6
Swelling pressure (Ma)
Bentonlite
Oregon
ranges from: ca, 0
to: ca, 1.8

Source: AECL-7812 (1983), p, 34

Swelling pressure {(MPa)
Bentonlte
Wyomlng
ranges from: ca, 0
to: ca, 2,2
Scource: AECL-7812 (1983), p., 34

Swelling pressure (MPa)
Bentonite (c)
ranges from: 0,7
to: ca. 70
Source: AECL-7812 (1983), p, 33

Swelling pressure (MPa)
Bentonlte (Ca)
ranges from: 31,4
to: -
Source: ONWI-312 (1981), p, 31
Swelling pressure (MPa)
Bentonite (Na) (a)
ranges from: >10
to: -
Source: ONW!~-312 (1981), p, 15
Swelling pressure (MPa)
Bentonlite (Na) (b)
ranges from: 57,7
to: -
Source: ONWI~312 (1981), p, 31

Swelling pressure (Wa)
Bentonite (Na) (c)
ranges from: 21,7
to: -
Source: ONWI-312 (1981), p, 31
Swelling pressure (MPa)
Bentonlte (Na) (d)
ranges from: ca, 72
to: -
Source: RHO-BWI-SA-80 (1981), p, 6
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Swelling pressure (MPa)
Bentonite (Na) ()
Wyoming
ranges from: ca, 3
to: ca., 8
Source: AECL-7825 (1984), p, 16

Swelling pressure (MPa)
Bentonite (Na) (f)
Wyomlng
ranges from: ca, 2
to: ca, 20
Source: AECL-7825 (1984), p, 16

Swelling pressure (MPa)
Bentonite (Na) (g)
Wyoml ng
ranges from: 1
to: 8
Source: KBS TEKNISK RAPPORT 74 (1978),
p. 6

Swelling pressure {MPa)
Bentonite (Na) (h)
Wyoming
ranges from: 2
to: 23
Source: ONW!-486 (1983), p, 51
Swelling pressure {(MP3)
Bentonite (Na) (1)
Wyomlng
ranges from: 3
to: 26
Source: ONWI-486 (1983), p, 51
Swelling pressure (MPa)
Bentonite (Na) (j)
Wyoming
ranges from: 3
to: 27
Source: ONWI-486 (1983), p, St
Swe!lllng pressure (MPa)
Bentonlte and Sand (a)
Oregon
ranges from: ca, O
to: ca, 1.8
Source: RHO-BWI-SA-80 (1981), Fig, 3

Swellling pressure (MPa)
Bentonlite and Sand (b)
Wyoming
ranges from: ca, O
to: ca, 2,2
Source: RHO-BWI-SA-80 (1981), Fig, 3

Swelllng pressure (MPa)
Shale
ranges from: 10
to: 0,5
Source: KBS TEKNISK RAPPORT 74 (1978),
p. 7

Tensile strength (MPa)
Arglilite
ranges from: 3,5
to: ~
Source: Proc NEA Workshop OECD (1979b),
p. 81
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Tens!le strength (MPa)
Shale (c)
Ohlo
ranges from: 0,34
fo: -
Souirce: ORNL/Sub/84--64794/1 (1985),
p. 108
Tens!le strength (psl!)
Shale
Ohlo
ranges from: 200 (1.4 Ma)
to: -~

Souirce: Y/O4/1/TM36/6 (1978), p, 5~14

Tenslle strength (ps!)

Shale (a)
ranges from: O 0 Ma) (1)
to: 1,540 (1,1 x 10(1) Ma)

Source: Y/Oul/TM36/6 (1978), p. 2-2

Tenslie strength (ps!)
Shale (b)

ranges from: 200
to: -

Source: Y/OWl/TM36/6 (1978), p. 7-8

(1.4 MPa)

Tens!le strength (psl)
Shale (d)
Ohlo

ranges from: 50

to: -
Source: Y/OWl/TM36/6 (1978), p. 4-12

(3.4 x 10(~-1) MPa}

Tens!le strength (ps!)
Shale (e)

ranges from: 50
to: -

Source: Y/OW!/TM36/6 (1978}, p, 3-24

(3.4 x 10(-1) MPa}

Tens!le strength (ps!)

Shales
Varlous
ranges from: <100 { <6.9 x 10(-1) M3}
to: 1,538 (1.1 x 10(1) Ma)

Source: Y/CW!/TM36/6 (1978), p. A-7

Young's modulus (elastlc modulus) (MPa)
Clay
Belglum
ranges from: 170
to: -
Source: Rad Wasts Management and Nuclear
Fuel Cycle v.6 (1985), p, 54
Young's modulus (slastlc modulus) (MPa)
Clay
) taly
ranges from: 300
tor -
Source: Rad Waste Management and Nuclsar
Fue! Cycie v,6 (1985), p, 54

Ydunq's modu tus {(elastic modulus) (ps! x
10(K))

Shale
ranges from: 1,48 (1 x 10¢(4) MPa)
to: -~
Source: Y/QW!/TM36/6 (1978), p, 6-3

Young's modulus {(elastlc modulus) (ps! x
10(6) )
Shale
Great Plalns
ranges from: 0,02 (1,4 x 10(2) MPa)
to: 0,014 (9.6 x 10(1) MPa)
Source: ORNL/Sub/84-~-64794/1 (1985},
P 293

Young's modulus (GPa)
Argllilte (a)
ranges from: 3,7 (3.7 x 10(3) MPa)
to: 16 (Ma}
Source: Proc NEA Workshop OECD (1979b),
p. 83

Young's modulus (GFa)
Shales (a)
ranges from: 9,9 (2,9 x 10(3) MPa)
to: 31,7 (3,17 x 10(4) MPa)
Source: ORNL-6241/V3 (In preparatlon)
p. 110

Young's modulus (MPa)
Bentonlte
ranges from: 300
to: -
Source: OM«1~486 (1983), p, 63

Young's modulus (MPa}
Baentonlte and Sand (a)
Oreagon
ranges from: ca. 55
to: ca, 80
Source:; RHO-BWI~SA-80 (1981), Flg, 5

Young's modulus (MPa)}
Benton!te and Sand (b)
Wyomlng
ranges from: ca. 45
to: 60
Source: RHO-BW!~-SA-B80 (1981), Fig. 5

Young's modulus (MPa)
Ot Shales
ranges from: 7,000 (7 x 10(3))
to: 17,500 (1,75 x 10(4))
Source: ORNL/Sub/84-64794/1 (1985),
p. 248

Young's modulus (MPa)
01l Shaies
ranges from: >21,000

to: -
Source: ORNL/Sub/84-64794/1 (1985),
p. 348

( >2.1 x 10(4))

Young's modulus (MPa)
Shale (a)
ranges from: 10
to: 32
Source: ORML~6241/V1
p. 47

(!n preparation)

Young's modulus (MPa)
Shate (b)
ranges frem: 10
to: 32
Source: ORNL-6241/Vi
p. 47

(In preparat!ion)



Young's modulus (Pa x 10(10))
Shatles (b)
ranges from: 1 (1 x 10¢4) MPa)
to: 500 (5 x 10(6) MPa)
Source: ORNL-6241/V2 (in preparation)
p. 199

Young's modulus (psi)
Shale
ranges from: 1.4 x 10(5) (9.7 x 10(2) MPa)
to: -
Source: Y/OWI/TM36/6 (1978), p, 3-24

Young's modulus (psl)
Shale
Ohio
ranges from: 1,5 x 10(6) (1 x 10¢(4) MPa)
to: -~
Source: Y/OW|/TM36/6 (1978), p. 5-14

Young's modulus (psl)
Shale
Ohlo
ranges from: 1,7 x 10(5) (1.2 x 10(3) MPa)
to: -~
Source: Y/OW|/TM36/6 (1978), p, 4-12

Young's modulus (psl)
Shale (c)
ranges from: 2 x 10(3) (1,4 x 10(1) MPa)
to: 6,4 x 10(6) (4.4 x 10(4) WPa)
Source: Y/OW|/TM36/6 (1978), p, 2-2

Young's modulus (ps!)
Shale (d)
ranges from: 1,6 x 10(6) (1.1 x 10(4) MPa)
to: -
Source: Y/OM!/TM36/6 (1978), p, 7-8

Young's modulus (ps}i)
Shales (c)
Yarious
ranges from: 0,0020 x 10(6) (1.4 x 10(1)
MPa)
to: 15,0 x 10(6) (1 x 10(5) MPa)
Source: Y/OWI/TM36/6 (1978), p., A-8,9

Young's modulus (unconfined) (GFa)
Arglilite (D)
ranges from: 3,74 (3,7 x 10(3) MPa)
to: -
Source: Proc NEA Workshop OECD (1979b),
p. 87
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Coefficient of !lnear expansion (deg C(-1))
(K(~-1))
Arglilite
ranges from: 8 x 10(-6)
to: 15 x 10(-6)
Source: Proc NEA Workshop OECO (1979b),
p. 77

Cosefficient of linear thermal expansion (deg
F(~-1))

Shale (a)
ranges from: 4 x 10(-6) (2,2 x 10(-6)
K(-1))
to: ~

Source: Y/OWI/TM36/6 (1978), p. 2~2

Coefficient of linear thermal! expansion
(horizontal) (deg F(~1))

Shale (b)
ranges from: 4,5 x 10(-6) (2,5 x 10(-6)
K(-1))
to: -
Source: Y/OWt/TM36/6 (1978}, p, 7-8

Coefficlent of linear thermal expansion
(K(-1))
Shates (a)
ranges from: 2,5 x 10(-6)
to: 15,8 x 10(-6)
Source: ORNL-6241/V3 (in preparation)
p. 345

Coeffictent of linear thermal expanslon
(vertical) (deg F(-1))

Shale (c¢)
ranges from: 9 x 10(~6) (5 x 10(-6) K(~1))
to: -~
Source: Y/OW1/TM36/6 (1978), p, 7-8

Cosefficlant of thermal expansion (K(-1))
Shales (b)
ranges from: 2,9 x 10(-6)
to: 12,9 x 10(~6)
Source: ORNL-6241/V1 (in preparation)
p. 47

Heat capacity (BTU/Ib-deg F)
Shale
ranges from: 0,20
to: -
Source: Y/OwWl/TM36/6 (1978), p, 7-8

(8,4 x 10(2) J/Kg-K)

Heat capacity (BTU/Ib~deg F)
Shales (a)
ranges from: 0,16 (6.7 x 10(2) J/Kg-K)
to: 0,20 (8.4 x 10(2) J/Kg=K)
Source: Y/OWl/TM36/6 (1978), p, A-19

Heat capaclty (J/Kg—K)
Shale (a)
ranges from: 5,5 x 10(2)
to: 1,042 x 10(3)
Source: ORNL-6241/V1 (in preparation)
p. 40

Heat capacity (J/Kg-X)
Shate (b)
ranges from: 7,12 x 10(2)
to: 1,170 x 10(3)
Source: ORNL-6241/V3 (in preparation)
P. 345

Heat conductlivity (millical/cm s deg C)
{(thermal conductivity)
Clayey Sandstones
ranges from: 2,5 (1,05 W/m~K)
to: -
Source: Y/OWl/SUB-7009/1 (1876), p, 23
Heat conductivity (W/m-deg C)
conductivity) (W/m=K)
Bentonite (a)
ranges from: 0,5
to: 2,0
Source: KBS TEKNISK RAPPORT 9 (1977),
p. 8

(thermal

Speclific heat (J/Kg-deg C)
capacity) (J/Kg-K)
Shale (¢)
ranges from: 7,96 x 10(2)
to: =~
Source: ORNL-6241/V2 (In preparation)
pe 57

(specific heat

Specific heat (J/Kg=K)
capaclty)

Clay

Be !glum
ranges from: 9,21 x 10(2)

to: ~
Source: Rad Waste Management and Nuclear
Fuel Cycle v, 6 (1985), p, 54

(specific heat

Specific heat (J/Kg—K)
capacity)

Clay

Italy
ranges from: 9,21 x 10(2)

to: -
Source: Rad Waste Managsment and Nuclear
Fuel Cycie v, 6 (1985), p, 54

{specitic heat

Specitic heat (J/Kg—K)
capaclity)
Shalas (b)
ranges from: 5,50 x 10(2)
ta: 1,042 x 10(3)
Source: ORNL-6241/V3 (in preparation)
p. 115

(speclfic heat

Thermal conductivity (Btu per hr sq ft) (deg
F per ft) (2)
Solls
Bristol, VA
ranges from: 0,14
to: 0,60
Source: Y/OW!/SUB-7009/1 (1976), p., 20
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Therma! conductivity (Btu pesr hr sq ft+) (deg
F per ft) (?)
Solls
Columbus, MS
ranges from: 0,28
to: 2.28
Source: Y/0Wi/SUB-7009/1 (1976), p. 20

Therma! conductlivity (Bfu per hr sq 1) (deg
F per 1) (D)
Soils (a)
Clevetand, TN
ranges from: 0,15
to: 0,94
Source: Y/Ovi/SUB~7009/1 (19763, p, 20

Therma! conductivity (Btu per hr sq ft) (deg
F per ft) (1)
Solls (b)
Mui freesbora, TN
rangas from: 0,21
to: 0,84
Source: Y/QW!/SUB-7009/1 (19763, p. 20

Therma! conductivity (BTU/ft-hi deg F)

Shates (b)
Various
ranges from: 0,34 (5,9 x 10(~1) ¥W/mK}
to: ¥, 77 (3.1 W/mK)

Source: Y/OWl/TM36/6 (1978), p, A-18

Thermai conductivity (horizontal)
(BTU/hr~-ft-deg F)

Shale (b)
ranges from: 1,1 (1.9 W/m-K)
to: -

Source: Y/OWl/TM36/6 (1978), p. 7-8

Thermal conductivity (horizontail) (J/s m~deg
C) W /mi~K)
Shale (¢)
ranges from: 1,89
to: -
Source: ORNL~6241/V2 (in preparation)
p. 99

Therma | conductivity (horizontal) (W/m-K)
Shale (d)
ranges from: 1,52
to: 2,26
Source: ORNL~-6241/V1 (in preparation)
p. 40

Thermal conductivity (horizontal) (W/m~K)
Shaies (a)
ranges from: ca, 1.60
to: ca. 2.20

Source: ORNL~6241/V3 (in preparation)
p. 117
Therma! conductivity (k x 10(4)) (?)
Solls
ranges from: 3
to: 5

Source: Y/OW!/SUB~7009/1 (1976), p, 19

Therms! conductivity (k x 10(4)) ()

Solls
ranges from: 3-4
to: 8-12

Source: Y/Qu!/5UB-7009/1 (1976), p. 19

Therma | conductivity (matrix) (W/m~deg C)
(W /)
Argitiite (a)
ranges from: ca. 1,80
to: -
Source: FProc NEA Workshop OECD (1972b),
p. 87

Therma | conductivity (matrix) (W/m-deg C)
(W/m-K)
Argliilte (b)
ranges from: ca., 1.48
to: =
Source: Proc NEA Workshop OECD (1979h),
p. 87

Thermal conductivity (matrix) (¥/m-deg C)
(W /m~K)

Clay (a)

Be fgium
ranges from: ca. 0,3

to: ~
Source: Proc NEA Yorkshop OECD (1979b),
p. 87

Therma! conductivity (matrix) (%/m-deg C)
W/mK)

Shale (1)
ranges from: 0,7 to 2.1
to: -
Source: Proc NEA Workshop OECO (1979b),
p. 87
Therma! conductivity (millical/cm s deg C)
Shale (a)
Engiand
ranges from: 2,2 (9.2 x 10(~1) W/m=K)
to: 5.3 (2,22 W/m)
Source: Y/OwWi/SUB-7009/1 (1976}, p. 26
Thermal conductivity (mlllical/cm s deg C)
Shale (h)
England
ranges from: 3,0 (1,26 W/m=K)

to: 4,3 (1,80 W/m¥X)
Souica: Y/CW1/SUB-7009/1 (1976), p, 26

Thermal conductivity (miltlical/cm s deg C)
Shale (k)
Sunderiand, MA
ranges from: 3,87 (1.62 W/m¥3
to: 4,25 (1,78 %W/m~K)
Source: Y/CWl/SUB-7009/1 (1976), p. 28

Therma! conductivity (vertical)

(BTU/hr-ft-deg F}
Shale (e)

ranges from: 0.8
to: -~

Sourcs: Y/OWI1/TM36/6 (1978), p. 7-8

(1.4 W/mK)



Thermal conductlivity (vertlcal) (W/m-K)
Shate (f)
ranges from: 1,21
tor 1,57
Source: ORNL-6241/Y1 (In prsparation)
p. 40

Thermal conductiv!ty (vertlcal) (W/m=K)
Shales
ranges from: 1,21
to: 1,57
Source: ORNL~6241/V3 (In preparat!on)
p. 115
Thermal conductivlty (W/m-deg C) (W/m~K)
Bentonlte (b)
ranges from: ca, 0,75
to:
Sources Proc NEA Workshop OECD (1979b),
p. 148

Thermal conductlvity (W/m-deg C)  (W/m-K)
Bentonlte (c)
ranges from: 0,7
to: 3,0
Source: Proc NEA Workshop OECD (1981),
p. 342
Thermal conduct!vity (W/m~deg C) (W/m=K)}
Benton!te (Ca)
ranges from: 0,71
to: 1,10
Source: PNL-4452 UC-70 (1983), p, 20
Therma| conductivity (W/m-deg C)  (W/m-K)
Benton!te (d)
ranges from: 0,5
to: 1,0
Source: Proc NEA Workshop OECD (1981),
p. 342
Thermal conductlvity (W/m-deg C) (W/m=K)
Bentonlte (o)
ranges from: 0,9
to: 1,3
Source: ONW!-486 (1983), p, 63
Thermal conductivity (W/m~deg C) (W/mK)
Bentonlte (f)
ranges from: 1!
to: 3.5
Source: ONW!-486 (1983), p, 63
Thermal conduct!{vlity (W/m-deg C)
Bentonlte (g)
Wyoin! ng
ranges from: ca, 0,0
to: ca, 1.2
Source: Proc NEA Workshop OECD (1981),
pe. 334

(W/m~K)

Thermal conductlivlty (W/m-deg C) (W/m~K)
Bentonlte (h)
Wyom!ng
ranges from: 0,78
to:

Source: ONW|-486 (1983), p, 61
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Therma! conductivity (W/m~deg C) (W/m=K)
Bentonlte (Na)
ranges from: 0,52
to: 0,96
Source: PNL-4452 UC-70 (1983), p, 20

Therma! conductlivity (W/m-deg C) (W/m-K)
Bentonlte and Crushed Granlte (a)
Wyom!ing

ranges from: 2,7

to: 0,8
Source: Proc NEA Workshop OECD (1981),
P- 334

Thermal conductivity (W/m~-deg C) (W/m=K)
Benton!ite and Crushed Granlite (b)

Wyoming
ranges from: ca, 0,6
to: ca, 1,5
Source: Proc NEA Workshop OECD (1981),
p. 334
Therma! conductivity (W/m-deg C) (W/m-K}
Bentonlte and Sand (a)
ranges from: 0,5
to: 2,0
Source; ONWI-486 (1983), p. 63
Therma! conductivity (W/m-deg C) (W /m~K)

Clay
S. Paolo mlne

ranges from: 0,014 (1,4 W/mK)
to: 0,016 (1,6 W/m~K)
Source: ORNL-tr=-5110 (1981), p, 12
Thermal conductlvity (W/m-deg C) (W/mK)
Hectorlte
ranges from: 0,5
to: 2 to 3
Source: ONWI-312 (198%1), p, 18
Thermat conductlvlity (W/m-deg C)  (W/m-K)
Lifte (a)
ranges from: ca, 0,6
to: ca, 1.6
Source: Proc NEA Workshop OECD (1981),
p. 336
Therma! conductivlity (W/m-deg C) W/m=)
Hilte (b)
ranges from: 1,4
to: 4,0
Sourcs: Proc NEA Workshop OECD (1981),
p. 342
Thermal conductlv!ity (W/m-deg C) (W/m~K)
Iilte (¢)
ranges from: 0,8
to: 1,8
Source: Proc NEA Workshop OECD (1981),
Do 342
Thermal conductlvlty (W/m~deg C) (W/m-<)
11{Tte and Crushed Granfte
ranges from: ca, 0,9
to: ca, 1.9
Source: Proc NEA Workshop OECD (1981),

p. 336



Thermal conductivity (W/m~deg C) (W/m~K)
Kaollinite (a)
ranges from: 1,7
to: 3,5
Source: Proc NEA Workshop OECD (1981),
p., 342
Therma! conductivity {W/wm-deg C) (W /oK)
Kaolinite (b)
ranges from: 0,9
to: 2.0
Source: Proc NEA Workshop OECD (1981),
p. 342
Thermal conductivity (W/m~deg C) W/ m~K)
Kaollnite and Crushed Granlte
ranges from: 3,4
to: 2.3
Source: Proc NEA Workshop OECD (1981),
p. 334
Thermal conductivity (W/m-deg C) (W/m~K)
Silt/Ciay Soil (a)
ranges from: 0,8
to: 2,0
Source: ONW|-486 (1983}, p, 54
Therma! conductivity (W/m~deg C) (W /m~K)
Stit/Clay Soil (b)
ranges from: 0,4
to: 0.85
Source: ONW!-486 (1983), p, 54
Thermal conductivity (W/m~deg C) (W /m—)
Silt/Ciay Soail (c)
ranges from: 0,5
to: 1,1
Source: ONWi~-486 (1983), p, 54
Thermal conductivity (W/m~deg C) (W/m—K)
Sitt/Clay Soll (d)
ranges from: 0,6
to: 1.3
Source: ONW!-486 (1983), p, 54
Thermal conductivity (W/m~deg () W/m-)
Sitt/Clay Soil (e)
ranges from: 0,7
to: 1.5
Source: ONW!=~486 (1983), p, 54
Thermal conductivity (W/m-deg C) (W/m—K)
Stlt/Ctay Sail ()
ranges from: 0,75
to: 1,75
Source: ONW!-486 (1983), p, 54

Thermal conductivity (W/m~K)
Argillite (c¢)

Nevada

ranges from:

to:

Source:

1.28
2.7

ORNL~6241/V3 (in
p. 341, 342

preparation)

Therma! conductivity (W/m-K)
Bentonite and Salt (a)
ranges from: 1,12
to: 0,99
Source: ONW!-486 (1983), p. 53

Thermal conductivity (W/m-K)
Bentonite and Salt (b)
ranges from: 1,01
to: 1,12
Source: ONwl-486 (1983), p., 53

Thermal| conductivity (W/m-K)
Bentonitse and Sand (b)
ranges from: 0,58-0,80
to: 1,06-1,17
Source: ONWi-486 (1983), p, 53

Therma | conductivity (W/m-XK)

Clay
England
ranges from: 1,56
to: -
Source: Rad Waste Management and Nuclear

Fue! Cycle v, 6 (1985), p, 54

Thermal conductivity (W/m-K)
Ctlay
Italy
ranges from: 1,5
to: -
Source: Rad Waste Management and Nuclear
Fue! Cycle v, 6 (1985), p. 54

Therma! conductivity (W/m-K)
Ciay (b)
Belglum

ranges from:

to:
Source:

1.5

Rad Waste Management and Nuclear
Fuel Cycle v, & (1985), p, 54

Therma! conductivity (W/m-K)
Shale

ranges from:

to:

Source:

1,42

1,94

ORNL~6241/V3 (in preparation)
p. 341

Therma! conductivity (W/m-—K)
Shale
Kansas

ranges from:

to:
Source:

0.7

4,3

ORNL~6241/¥3 (In preparation)
p. 343

Thermat conductivity (W/m-K)
Shale
Mlichigan

ranges from:

to:
Source:

2,64

ORNL-6241/V3 (in preparation)
p. 341
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Therma! conductivity (W/m-K) Therma! diffusivity (cm(2)/h)
Shale Clay
Orange Free State S, Paolo mine
ranges from: 1,97 ranges from: 20 (5,56 x 10(~7) m(2)/s)
to: 2,89 to: -
Source: ORNL-6241/V3 (in preparation) Source: ORNL-tr~5110 (1981), p, 12
p. 341
Thermal diffusivity (em(2)/s x 10(3))
Therma! conductivity (W/m-K) Bentonite (Na)
Shale ranges from: 3,03 (3,03 x 10(~7) m{2)/s)
South Africa to: 3,47 (3,47 x 10(=7) m(2)/s)
ranges from: 2,76 Source: PNL-4452 UC-70 (1983), p, 18, 19
to: -
Source: ORNL-6241/V3 (in preparation) Thermatl diffuslivity (£+(2) per hr)
p. 343 Soils
Bristol, VA
Thermal conductivity W/m—K) ranges from: 0,0090 (2,3 x 10(~7) m(2)/s)
Shale (i) to: 0,016 (4,13 x 10(-7) m(2)/s)
England Source: Y/OWI/SUB-7009/1 (1976), p. 21
ranges from: 1,26
to: 1,80 Thermal diffusivity ($t(2) per hr)
Source: ORNL-6241/V3 (in preparation) Solls
p. 341 Columbus, MS
ranges from: 0,016 (4,13 x 10(-7) m(2)/5)
Thermal conductivity (W/m-K) to: 0,046 (1,19 x 10(~7) m(2)/s)
Shale () Source: Y/OW!|/SUB~7009/1 (1976), p, 21
Massachusetts
ranges from: 1,62 : Therma! diffusivity (f+(2) per hr)
to: - Solls (a)
Source: ORNL-6241/¥3 (in preparation) Cleveland, TN
p. 341 ranges from: 0,0115 (2,97 x 10(-7) m(2)/s)
to: 0,022 (5,68 x 10(-7) m(2)/s)
Therma! conductivity (W/m-K) Source: Y/OWI/SUB-7009/1 (1976), p. 21
Shale (m)
ranges from: 0,715 Therma! diffusivlty (£1(2) per hr)
to: 2,20 Soils (b)
Source: ORNL-6241/V3 (in preparation) Murfreesboro, TN
p. 340 ranges from: 0,0145 (3,74 x 10(-7) m(2)/s)
to: 0,0235 (6,06 x 10(-7) m{(2)/s)
Thermal conductivity (W/m=K) Source: Y/OW!/SUB-7009/1 (1976), p, 21
Shale (n)
ranges from: 1,38 Thermal diffusivity (m(2)/s)
to: 1.9 Clay
Source: ORNL-6241/V3 (in preparation) Belglium
p. 341 ranges from: 8,1 x 10(-7)
to: -
Therma! conductivity (W/m—K) Source: Rad Waste Management and Nuclear
Shales Fuel Cycle v, 6 (1985), p, 54
ranges from: 1,47
to: 2,00 Thermatl diffusivity (m(2)/s)
Source: ORNL-6241/¥3 (in preparation) Clay
p. 340 Italy
ranges from: 7.8 x 10(-7)
Thermal conductivity (W/m-K) to: -
Shales Source: Rad Waste Management and Nuclear
California Fuel Cycle v, & (1985), p, 54

ranges from: 0.99 +/- 0,3
to: 1,63 +/~ 0,3
Source: ORNL-6241/V3 (in preparation)
p. 341

Therma! conductivity ratio (verticat/
horizontal)
Shale (g)
ranges from: 0,76
to: -
Source: ORNL~6241/V2 (in preparation)
p. 99
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13.3 Appendix C. MATERIALS
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Al lophane
lon exchange capac!ty (meq/100 g)
ranges from: 70
to: ~
Source: ORNL=-6241/V2 (In preparation)
p. 152

Argllitte
Sorption coefflclent (Kd) (mi/g)
ranges from: 0

to: 1 x 10(5)
Source: ONWI-486 (1983), p, 73
Attapulglte
Sorptlon coefflclent (Kd)} (mi/g)
ranges from: 1 x 10(-2)
to: 2 x 10(4)
Source: ONWI~-486 (1983), p, 73
Bentonlte
Diffusivity (m(2)/s)
ranges from: 1,3 x 10(-10)
to: ~
Source: ONWI=312 (1981), p, 14

Benton!te
lon exchange capaclty (meq/100 g)
ranges from: 0,1
to: 100
Source: NUREG/CP~0052 (1983), p, 181

Bantonlte
Sorptlon coefflclent (Kd) (mi/g?)
ranges from: 1
to: 2 x 10(5)
Source: Proc NEA Workshop OECD (1979a),
p. 304

Benton!te (Ca)
Sorptlon coeffliclent (Kd) (m!/g)
ranges from: 2.5 x 10(4)
to: 1,1 x 10(5)
Source: ONWi-312 (1981), p. 35
Bentonlte (Ca)
Sorptlon coefflclent (Kd) (ml/g)
ranges from: 2,5
to: 3,2
Source: ONW1~312 (1981), p, 35
Bentonlte (Ca)
Sorptlon coefflclent (Kd) (ml/g)
ranges from: 1,2 x 10(3)
to: 865
Source: ONW1-312 (1981), p, 35
Bentonlte (Na)
Sorptlon coefflclent (Kd) (ml/g)
ranges from: 5,0 x 10(3)
to: 6,8 x 10(3) :
Source: ONWI-312 (1981), p, 35
Bentonlte (Na)
Sorptlon coefflclent (Kd) (ml/g)
ranges from: 0,4
to: 8.6

Source: ONW!1-312 (1981}, p, 35

Bentonlte (Na)
Sorption coefflclent (Kd) (ml/g)
ranges from: 1,1 x 10(3)
to: 1,0 x 10(3)
Source: ONWI-312 (1981), p,

Bentonite (Na)

Sorptlon coefflclent (Kd) (mi/g)
ranges from: 0
to: 4 x 10(4)
Source: ONWI-486 (1983), p.

Bentonlte (Na) (a)
Wyoming
lon exchange capac!ty (meq/100 g)
ranges from: 68,6
to: -
Source: AECL-7825 (1984), p,

Bentonlte (Na) (Accofloc-350)
Sorption coefflclent (Kd) (ml/g)
ranges from: 1,3 x 10(3)
tor 1,1 x 10(3)
Source: ONWI-312 (1981), p,

Bentonlte (Na) (Accofloc-350)
Sorption coefflclent (Kd) (ml/q)
ranges from: 1,2
to: 0,1
Source: ONWI-312 (1981), o,

Bentonlte (Na) (Accofloc-350)
Sorptlon coefflclent (Kd) (ml/g)
ranges from: 1,5 x 10(3)
to: 1.9 x 10(3)
Source: ONW!-312 (1981), p.

Bentonite (Na) (b)
Wyom!ng

lon exchange capaclty (meq/100 g)
ranges from: 34,

to: -
Source: AECL-7825 (1984), p.

Bentonlte (Na) (Sallne Sea!~100)
Sorptlion coefflclent (Kd) {(mi/g)
ranges from: 2,6 x 10(3)
to: 3,8 x 10(3)
Source: ONWl-312 (198%1), p,

Bentonlte (Na) (Sallne Sea!l-~100)
Sorptlon coefflclent (Kd) tmi/g)
ranges from: 2,8
to: 3,6
Source: ONWI-=312 (1981), p,

Bentonlte (Na) (Sallne Seal~100)
Sorptlon coefflclent (Kd) (ml/g)
ranges from: 1,2 x 10(3)
to: 1,5 x 10(3)
Source: ONWI-312 (1981), p,

Bentonlte and Quartz
Sorptlon coefflclent (Kd} (ml/g)
ranges from: <1
to: 1 x 10¢4)
Source: ONWI-486 (1983), p,

35

73

12

35

35

35

12

35

35

35

73
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Bantonlte and Sand
Sorption coefficlent (Kd) (mi/fg)
rangas from: 490
to: 2,59 x 10(3)
Source: OMy!-4886 (1983), p, 73

Chlorits (a}
lon exchange capacity (meq/100 g)
rangas from: 10-40
to: -~
Source: ONW!-~-486 (1983), p, 67

Chiorite (b)
lon exchangs capacity (meg/100 g)
ranges from: 10
to: 40
Source: ORNL-~5241/V2 (in preparation)
pe 152

Ciay
Belglum
lon exchange capacity (meq/100 g}
ranges from: ca, 20
to: -
Sourca: Proc NEA Workshop OECD (1979a),
p. 88

Clay
Belglum
Sorption coefficient (Kd) (m!/g?)
ranges from; 0,87
to: 6,12
Source: Proc NEA Workshop OECD (19793,
pe 97

Cilay (Na)
Belle Fourch
Sorption coeftlicient (Kd) (mi/g)
ranges from: 5.6
to: 5,7 x 10(3)
Source: OMd!-486 (1983), p, 73

G lauconlite
lon exchange capacl!ty (meg/100 g)
rangss from: 11
to: 20
Source: ORNL-6241/Y2 (in preparation)
p. 152

Hallcyslite
lon sxchange capaclty (megq/100 g)
ranges from: 3
to: 10
Sourca: ORNL-5241/V2 (in preparation)
p. 152

Hectorl te
Serption coefticlient (Kd) (ml/yg)
ranges from: 0.4
to:r 7.2 x 10(3)
Source: ONvl-~486 (1983), p, 73

Hectorite and Sand
Sorption coefflclent (Kd) (mi/g)
rangss from: 400
to: 1300
Source: ONW!-486 (1983), o, 73

lilite
Sorption cosffliciant (Kd) (m(3)/kg) (1)
ranges from: 0,9
to: -
Source: AECL-7812 (1983), p., 25

Litite
Serption coeffliclent (Kd) (m(3)/kg) ()
ranges from: 0,005
to: 0,02
Source: AECL=-7812 (1983), p, 25

Hilite
Sorption coefflclent (Kd) (m(3)/kg) ()
ranges from: 0,045
to: 0,090
Source: AECL-7825 (1984), p, 25

Ilite
Sorption coefflclient (Kd) (mi/g)
ranges from: 0
to: 3 x 10(5)
Source: ORNL-6241/Y2 (in preparation)
pe 132133

Hiilte
Sorption coefficient (Kd) (ml/g?)
ranges from: 1
to: 3 x 10(6)
Source: Proc NEA Workshop QECD (1979%a),
p. 304

thiite (a)
lon exchange capaclty (meq/100 g)
ranges from: 10
to: 40
Sourca: ONWl-486 (1983), p, 67

Lilite (b)
lon sxchange capaclty (meq/100 g)
rangaes from: 16
to: 50
Source: ORNL=-6241/Y2 (In preparation)
p. 152

Kaolinlte
Sorption coefficlent (Kd) (m(3)/kg) (%)
ranges from: 0,003
to: 0,006
Source: AECL~7812 (1983), p, 25

Kaolinite
Sorption coafficlient (Kd) (m(3)/kg) (?)
ranges from: 0,002
to: 0,04
Source: AECL-7812 (1983), p. 25

Kagc!inite
Sorption coefficient (Kd) (m(3)/kg) (?)
ranges from: 0,02
to: -
Source: AECL-7812 (1983), p, 25

Kaolinite
Sorption coefficient (Kd) (ml/g)
ranges from: 0,1
to: 1,6 x 10(3)
Source: ONWl-486 (1983), p, 73
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Kaolinlte
Sorption coeffliclent (Kd) (mi/g}
ranges from: 0
to: 3 x 10(%)
Source: ORNL-~6241/¥2 (in preparation)
pe 132-133

Kaolinlte .
Sorption coefflclent (Kd) (mi/g?)
ranges from: 1
to: 2 x 10(4)
Source: Proc NEA Workshop OECD (197%a),
p. 304

Kaolinite {(a)
Georgla
Batch distribution ratio (Rd) (ml/g?)
ranges from: 1,28 x 10(2)
to: 9,22 x 10(2)
Source: PNL-4452 UC-70 (1983), p, 18

Kaollnite (a}
lon exchange capacity (meq/100 g)
ranges from: 3
to: 15
Source: ONWl-486 (1983), p, 67

Kaolinite (b)
Georgla
Batch distribution ratio (Rd) (mi/g?)
ranges from: 1,88 x 10(2)
to: 9.0 x 10(3)
Source: PNL-4452 UC-70 (1983), p, 18

Kaollnite (b)
lon exchange capacity (meq/100 g)
ranges from: 2
to: 15
Source: ORNL-6241/V2 ({n preparation)
p. 152

Kaclinite (Ca)
Sorptlion coefficient (Kd) {Log) (ml/g?)
ranges from: ca, 2,3
to: ca. 1.5
Source: Proc NEA Workshop OECD (1979a),
p. 282

Kaolinite (Ca)
Sorption coefficient (Kd)} (Log) (mi/g?)
ranges from: ca. 1,3
to: ca, (-1)
Source: Proc NEA Workshop OECD (1979a),
p. 282

Kaolinite (Na)
Sorption coefficient (Kd) (Log) (mi/g?)
ranges from: ca, 2,3
to: ca. 1,3
Source: Proc NEA Workshcp OECD (1979a),
p. 282

Kaolinite (Na)
Sorption coeffliclent (Kd) (Log) (ml/g?)
ranges from: >2
to: <0
Source: Proc NEA Workshop OECO (1979a),
p. 282

Nontronite
Sorption coefficient (Kd) (ml/g)
ranges from: 0
tor 2,25 x 10(5)
Source: ONWI-486 (1983), p, 75

Palygorskite
lon exchange capacity (meq/100 g)
ranges from: 20
to: 30
Source: ORNL-6241/V2 (in preparation)
p. 152

Shatle
Sorption coefflcient (Kd) (ml/g)
ranges from: 57
to: 100
Source: ONWI-486 (1983), p, 73

Shale
Sorptlion coefflclient (Kd) (ml/g)
ranges firom: 200
to: 1.4 x 10(4)
Source: ONWl-486 (1983), p, 73

Smactite
Arizona
Batch distribution ratio (Rd) (ml/g?)
ranges from: 8,15 x 10(2)
To: 2,7 x 10(3)
Source: PNL-4452 UC~70 (1983}, p. 18

Smectite
Texas
Batch distribution ratio (Rd) (ml/g?)
ranges from: 1,4 x 10(3)
to: 1.9 x 10(3)
Source: PNL-4452 UC-70 (1983), p. 18

Smactlite
Wyoming
Batch distribution ratioc (Rd) (ml/g?)
ranges from: 1,0 x 10(3)
to: 2,0 x 10(3)
Source: PNL-4452 UC~70 (1983}, p, 18

Smactite
lon exchange capaclity (meq/100 ¢)
ranges from: 80
to: 150
Source: ONW!-~486 (1983), p, 67

Smectite
Sorption coefflclent (Kd) (cm(3)/qg)
ranges from: ca, 188
to: ca., 200
Source: NUREG/CP-0052 (1983), p, 186

(m1/g)

Smectite
Sorption coefficlent (Kd) (m(3)/kg) (7)
ranges from: 0,06
to: 0.7
Source: AECL-7812 (1983), p, 25

Smectite
Sorption coefficient (Kd) (m(3)/kg) (?)
ranges from: 0,034
to: 0,65
Source: AECL~7812 (1983), p. 25
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Smectite
Sorption coefficiant (Kd) (m{3)/kg) (1)
ranges from: 0,030
to: 0,6
Source: AECL~7812 (i983), p, 25

Smactite
Sorption coefflcient (Kd) (mi/g)
ranges from: O
to: 4 x 10(5)
Source: ORNL-6241/V2 (In praparation)
pe 132-133

Smactite
Arlzona

Sorption coefficlent (Kd) (m!/g)
rangss from: 260

to: 750
Scurce: Ohwi~486 (1983), p, 73
Smectite
Texas

Sorption coefficient (Kd} (m)/g)
rangss from: 310
to: 685
Source: Scl Baszls for Waste Management ~
V (1982), p, 638

Smectite
Texas
Sorption coetilclent (Kd) (mi/g)
ranges from: 410
to; 400
Sci Basis for Waste Management
v (1982}, p, 638

§

Sourcs:

Smactite
Texas
Sorption coefficlient (Kd) (m!/g)
ranges from: 310
to: 370
Scl Basls for Waste Management
v (1982), p. 638

11

Source:

Smactite
Hyom!ing
Sorption coefficlent (Kd) (mi/g)
ranges from: 170
to: 200
Source: Scl Basls for Waste Management
vV (1982}, p, 638

3

Smectlte
Sorption coefficlent (m!/g)
ranges from: 200
to: 2,000
Source: OM4!-312 (1921), p, 13

Smectite {Ca)
lon exchangs capacity (meg/100 g)
ranges from: 80
to: 150
Source: QRNL~6241/V2 (in preparation)
p. 152

Smactita (Ca)
lon exchange capaclty (weq/g) (1)
rangas from: 93
to: 12
Source: OMWi-312 (1981), p, 24

Smactite (Cal
Sorption coefficient (Kd) (m!/g)
ranges from: 0,4
to: 1,1 x 10(4)
Source: OMyl~-486 (1983), p, 73

Smectite (L1)
lon axchange capaclty (meq/g) (?)
ranges from: 56
to: 20
Scurce: ONw!-312 (1981), p, 24

Smectite (Na)
lon exchange capacity (meg/100 g)
ranges from: 100
to: 150
Source: ORNL-6241/¥2 (in preparation)
p. 152

Smaectite (Na)
lon exchange capaclty (meq/g) (?)
ranges from: %5
to: 68
Source: ONW!-312 (1981), p, 24

Smectite (Na)
Sorption coefficlent {(Kd) (mi/g)
ranges from: 0,2
to: 1 x 10(5)
Sourcea: ONw!-486 (1983), p., 73

Varmicullte
Sorption cosfficlent {Kd)} (ml/g)
ranges from: 47
to: 1.5 x 10(3)
Sourca: OMdl~486 (1983), p. 73

Vermiculite
South Carolina
Sorption coefficlent (Kd) (ml/g)
ranges from: 8.9 x 10(2)
to: 1,01 x 10(4)
Scl Basis for Waste Management ~
vV (1382}, p, 638

Sources

Vermicuiite
Scuth Carclina
Sorption coefflcient (Kd) (mi/g)
ranges from: 2 x 10(3)
to: 9.8 x 10(2)
Sci Basis for Wasts Mapagement -
vV (1982), p, 638

Source:

Yermiculite
Sorption coefficlient (Kd) (ml/g?)
ranges from: ¢z, 40
to: 4 x 10(4)
Source: Proc MEA ¥Workshop OECD (1979},
p. 315
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Vermlcullte
Sorptlon coefflclent (Kd) (ml/g?)
ranges from: 30
to: 4 x 10(6)
Source: Proc NEA Workshop OECD (1979a),
p- 304

Vermlcullte (a)
lon exchange capaclty (meq/100 g)
ranges from: 100
to: 150
Source: ONWI-486 (1983), p, 67

Yermicu!lte (b)
lon exchange capac!ty (meq/100 g)
ranges from: 100
to: 150+
Source: ORNL-6241/¥2 (In preparation)
p. 152

VYermlcullte and Glbbslte
Sorption coefflctent (Kd) (mi/g)
ranges from: 77
to: 1520
Source: ONWI-486 (1983), p, 73

Vermicullte and Shale
Sorptlon coefflcltent (Kd) (mi/g)
ranges from: 41
to: 1340
Source: ONWI-486 (1983), p, 73

Vermlcullte and Smectlte
Sorptlon coefflctent (Kd) (ml/g)
ranges from: 192
to: 3800
Source: ONWI-486 (1983), p, 73

Vermicullte and Zeollte (varlous)
Sorptlon coefflclent (Kd) (ml/g)
ranges from: 130
to: 5,92 x 10(5)
Source: ONWi-486 (1983), p, 73






223

Argliiite
Nevada
Denstty (bulk) (g/cm(3))
ranges from: 2,44
to: 2,71
Source: ORNL/Sub/84-64794/1 (1985),
p. 406

Argiilite
Nevada
Molsture content (%)
ranges from: 2
to: 4
Source: ORNL/Sub/84-~54794/1 (1985),
p. 406

Argillite
Nevada
Porosity (D)
ranges from: 8 to 16
to: 6 to 12
Source: ORNL/Sub/84-64794/1 (1985),
p. 406

Bentonlte (a)
Density (bulk) (+/m(3))
ranges from: ca, 2,1
to: ~

(g/cm(3))

Source: Proc NEA Workshop OECO (1979b),

p. 148

Bentonite (a)
Specific gravity (dimenslonless)
ranges from: 2,21
to: ~
Source: Proc NEA Workshop OFCD (1981),
pe. 340

Bentonite (a)
Oregon
Specific gravity (g/cm(3))
ranges from: 2,73
to: -
Source: RHO-BW!~SA~80 (1981), p, 6

Bentonlte (b)
Black Hills
Specliflic gravity (dimenslionless)
ranges from: 2,18
to: -
Source: Proc NEA Workshop OECD (1981),
p. 340

Bentonite (b)
Oregon
Specific gravity (g/cm(3})
ranges from: 2,85
to: -
Source: RHO-BWI-S5A-80 (1981), p, 6

Bantonlite (c)
¥yoming
Specific gravity (g/em(3))
ranges from: 2,77
to: -
Source: RHO-8w!-SA~80 (19813, p, 6

Bentonite (Ca)
Denslity (g/cm(3))
ranges from: <1,7
to: ca, 2.14
Source: PNL-4452 UC-70 (1983), p, 24

Bentonlte (Na)
Wyoming

Density (specific) (+/m(3)) (g/cm(3))
ranges from: 2,7
to: -~
Source: KBS TEKNISK RAPPORT 74 (1978),
p. 3

Bentonite (Na)
Wyomlng
Specific gravity (dimensioniess)
ranges from: 2,66
to: -
Source: AECL-7825 (1984), p, 12

Bentonlte (Na)
Speclfic surface (m(2)/g)
ranges from: 519
to: 615
Source: AECL~7825 (1984), p, 12

Bentonite (Na) (a?

Bensity (bulk) (t/m(3))  (g/cm(3))
ranges from: 1,8
to: 2,0
Source: KBS TEKNISK RAPPORT 9 (1977),
p. 4

Bentonite (Na) (a)
Density (g/cm(3))
ranges from: <1,8
to: 2,28
Source: ONW!-312 (1981), p, 32

Bentonlite (Na) (b)

Density (butk) (t/m(3)) (g/cm(3))
ranges from: 1,4
tor 1.7
Source: KBS TEKNISK RAPPORT 9 (1977),
p. 4

Bentonite (Na) (b)
Density {(g/cm(3))
ranges from: <1,8
to: ca, 2,5
Source: PNL~4452 uC~70 (1983), p, 21

Bentonite (Na) (¢)
Wyoming

Density (bulk) (rho x +/m(3))  (g/cm(3))
ranges from: 2,54
to: 1,08
Source: KBS TEKNISK RAPPORT 74 (1978),
p. 4

Bentonite (Na) and Sand
Wyomi ng

Speciflic gravity {dimensionless)
ranges from: 2,635

to: ~
Source: AECL-7825 (1984}, p, 12
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Bentonite (Na) and Sand
Speclfic surface (m{2)/q)
ranges from: 284
to: ~
Source: AECL-7825 (1984), p, 12

Bentonlte (Na) and Sand (a)
Density {g/cm(3))
ranges from: <1,9
to: ca, 2,8
Source: PNL-4452 UC-70 (1983), p. 22

Bentonite (Na) and Sand (b)
Density (g/cm(3))
rangas from: <1.,9
to: ca, 2,7
Source: PNL-4452 UC~-70 (1983}, p, 23

Bentonite and Sand
Density (dry) (Mg/m(3})
ranges from: 1,81
to: 1,4
Source: AECL-7812 (1983), p, 31

(g/cm(3))

Bentonite and Sand
Molsture content (%)
ranges from: 13
to: 22
Souirce: AECL-7812 (1983), p, 31

Bentonlite and Sand
Porosity (sffective) (units not stated)
ranges from: ca 0,4
to: 0,002
Source: AECL-7812 (1983), p, 32

Chlorlite
Density (dry) (presumed g/cm{3))
ranges from: 2.6
to: 2,9
Source: Y/0Wl/SUB~7009/1 (1976), p. 9

Ciay
Belglum
Density (bulk) (kg/m(3))
rangss from: 2010
to: -
Source: Rad Waste Management and Nuclear
Fue! Cycle, v. 6 (1985), p, 54

(2,010 g/cmi3))

Clay
Engtand
Denslty (bulk) (kg/m{(3})
ranges from: 2210
to: ~
Source: Rad Waste Mznagement and Nuclisar
Fue! Cycle, v, 6 (1985), p. 54

(2,210 g/em{3))

Clay
Italy
Density (bulk) (kg/m{3))
ranges from: 2100
to: -
Source: Rad Waste Managemsnt and Nuclear
Fusl Cycle, v, 6 (1985), p, 54

(2.100 g/cm(3))

Ciay
Louisiana
Density (kg/m(3))

ranges from: 1,954 (1,954 g/cm(3))
to: ~

Source: ORNL/Sub/84-64794/71 (1985),
pe 173

Clay
Be lglum
Porosity (%)
rangss from: 38,5
to: ~
Source: Rad Waste Management and Nuclear
Fus! Cycle, v. & {1985), p, 54

Clay
England
Porosity (%)
ranges from: 30
fo: =~
Source: Rad Waste Management and Muclear
Fuel! Cycle, v, 6 (1985), p, 54

Clay
Italy
Porosity (%)
ranges trom: 25
fo: -~
Source: Rad Waste Management and Nuclear
Fue! Cycle, v, 6 (1985), p, 4

Clay
Hanford
Specific gravity {(g/cm(3))
ranges from: 2,71
to: =
Source: RHO-BWi-SA-80 (1981), p, 6

Ciay and Sand
Density (dry) (kg/mg(3)) (?)
ranges from: ca, 1,6
to: ca, 2,2
Souirce: RHO-DMI-SA-8C (1981), p, 6

(g/cm(3)) (?)

Clays
Yold ratio (dimenslonless)
ranges from: ca, 1.5 to 3,0
to: ca, 0.5 to 0.6
Source: OMd1-312 (1981), p, 21

Clays and Shales
Eastern US
Density (grain) (average) (presumed g/cm(3))
ranges from: 2,69
to: -
Source: Y/OW!/SUB-T7009/1 (1976}, p. 10

Iifte
Density (presumsd g/cm(3))
rangas from: 2,65
to: 2,13
Source: Y/O4) /SUB-7009/1 (1976}, p. 9

Iilite .
Porosity (effective) (units not stated)
ranges from: ca. 0.5
to: ca, 0,002
Sourca: AECL~7812 (1983), p., 32
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i11lte and Smectite
Density (presumed g/cm(3))
ranges from: 2,64
to: 1,48
Source: Y/OW1/SUB-7009/1 (1976), p., 9

Kaollnite
Density (dry) (Mg/m(3))
ranges from: ca, 1,2
to: ca, 1.5
Source: AECL~7812 (1983), p, 35

(g/cm(3))

Kaolinlte
Density (presumed g/cm(3))
ranges from: 2,60 - 2,68
to: 2,43
Source: Y/OWI/SUB-7009/1 (1976), p. 9

Kaolinite
Porosity (effective) (unlts not stated)
ranges from: ca, 0,5
to: ca, 0,002
Source: AECL-7812 (1983), p, 32

Kaollnite
Specific gravity (dimenslonless)
ranges from: 2,60
to: -
Source: Proc NEA Workshop OECD (1981),
p. 340

Kaolinlte (Ca)
Vold ratio (dimensionless)
ranges from: 2,5
to: 1,0
Source: ONW|-486 (1983), p, 38

Kaotinlte (Na)
Void ratio (dimenslonless)
ranges from: 2,5
to: 1,0
Source: ONWI-486 (1983), p, 38

Kaolinite and Sand
Denslty (dry) (Mg/m(3))
ranges from: 2,05
to: 1,45
Source: AECL-7812 (1983), p, 3t

(g/cm(3))

Kaolinite and Sand
Moisture content (%)
ranges from: 10
to: 30
Source: AECL~-7812 (1983), p, 3!

Qi Shales
Denslty (bulk) (presumed g/cm(3))
ranges from: 1,506
to: 2,37
Source: Y/OM1/SUB~7009/1 (1976), p, 13

Shale
i Itinols, Indiana and Kentucky
Denslty (bulk) (average) (g/cm{(3))
ranges from: 2,36
to: 2,53
Source: ORNL-5703 (1983), p, 76

Shale
Michigan

Density (bulk) (g/cm(3})
ranges from: 2,2

to: 2,8
Source: ORNL/Sub/84-64794/1 (1985),
p. 9%
Shale
Ohio

Density (buik) (g/cm(3))
ranges from: 2,65
to: -
Source: ORNL/Sub/84-64794/1 (1985),
p. 108

Shale
Montana
Density (dry) (average) (Ibs/ft+(3))
ranges from: 118 (1,890 g/cm(3))
to: -
Source: Y/OW!/TM36/6, p, 6-1

Shale
Northern Great Plalins
Density (dry) (Ib/cu ft)
ranges from: 95 (1,522 g/cm(3))
to: 110 (1,762 g/cm(3))
Source: ORNL/Sub/84-64794/1 (1985),
p. 293

Shaie
Callfornla
Density {presumed g/cm(3))
ranges from: 2,5
to: -~
Source: Y/OW!/SUB-~7009/1 (1976), p, 12

Shate
Montana
Denslty (wet) (average) (pounds/f+(3))
ranges from: 135 (2,162 g/cm(3))
to: -~
Source: Y/OW|/TM36/6, p, 6-1

Shale
New Mexico
Molsture content (%)
ranges from: 3,7
to: 6,2
Source: Y/OWi/TM36/6, p, 8-~5

Shale
Ohio
Molsture content (natural) (%)
ranges from: 2
to: -
Source: Y/OW1/TM36/6, p, 5-14

Shale
Ohio
Moisture content (natural) (%)
ranges from: 4
to: -
Source: Y/OW|/TM36/6, p. 4-12
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Shale
New Mexico
Molisture conteat (rock) (%)
ranges from: 3
to: 11
Souirce: Y/OWl/TM36/6, p, 8-3
Shale
Porosity (%)
ranges from: 33
Jo: -
Source: Y/OW! /TM36/6, p. 3-24
Shale
Colorado
Porosity (%)
ranges from: 4,1
to: 5.1
Source: Y/Odl/SUB-7009/1 (1976), p., 14
Shale
Tennessee
Porosity (%)
ranges from: 0,5

to: 1.9
Source: ORNL-6241/V2 (in preparation)
p. 219
Shale
Ohio

Porosity (affective) (%)
ranges from: 4
to: =
Souirce: Y/OW!/TM36/6, p, 5-14
Shale
Porosity (effective) (units not stated)
ranges from: 0,05
to: 0,005
Source: ORNL-6241/V}
p. 33

(In preparation)

Shale
South Carolina

Porosity (effective) (units not stated)
ranges from: 0,005

to: -~
Source: ORNL-6241/¥2 (in preparaticn)
p. 52
Shale
Ohio
Porosity (primary) (%)
ranges from: >3 %
to: -
Source: ORNL/Sub/84-64794/1 (1985),
p. 108

Shate
Porosity (rock mass)
ranges from: 3,0
to: -
Source: Y/OW!/TM36/6, p, 7-8

(%)

Shale
Ohlo
Porosity (rock mass) (%)
ranges from: 8
to: -~
Source: Y/CWl/TM36/6, p, 4-12

Shales
Porosity (total) (units not stated)
ranges from: 0,1
to: 0,01
Source: ORNL-6241/V1
pe 33

(in preparation)

Shale
Groeat Britain

Porosity (total) (units not stated)
ranges from: 0,020

to: 0,101
Source: ORNL-6241/V2 (in preparation)
p. 52
Shale
11lInols, Indiana, Kentucky

Porosity (tota!) (unlts not stated)
ranges from: 0,009

fo: 0,046
Source: ORNL-6241/V2 (in preparation)
p. 52
Shale
Kansas

Porosity (total) (units not stated)
ranges from: 0,073
to: 0,106
Source: ORNL-6241/V2 (in preparation)
p. 52

Shate
Kentucky

Porosity (total) (units not stated)
ranges from: 0,074

to: 0,076
Source: ORNL=-6241/V2 (in preparation)
p. 52
Shale
Michigan

Porosity (total) (units not stated)

ranges from: 0,03
to: 0,10
Source: ORNL-6241/V2 (in preparation)
p. 52
Shale
Missourld

Poroslty (total) (units not stated)
ranges from: 0,113
To: -
Source: ORNL-6241/V2 (in preparation)
p., 52

Shale
Pennsylvania
Porosity (total) (units nof stated)
ranges from: 0,010
to: -
ORNL-6241/V¥2 (in preparation)
p. 92

Source:
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Shale
Tennessee

Porosity (total) (units not stated)
ranges from: 0,005

to: 0,019
Source: ORNL-6241/V2 (in preparation)
p. 92
Shale
Utah

Porosity (total) (units not stated)
ranges from: 0,009

to: -
Source: ORNL~6241/V2 (in preparation)
p. 52

Shale
Michigan
Specific surface (m(2)/q)
ranges from: 0,05
to: 1.2
Source: ORNL-5703 (1983), p, 109
Shale
Montana
Water content (average) (%)
ranges from: 15
to:r -
Source: Y/OWi/TM36/6, p. 6-1

Shatle (a}
Density (bulk) (presumed g/cm(3))
ranges from: 2,1
to: 2,5
Source: Y/OWI|/SUB-7009/1 (1976), p, 12
Shale (a)
Dens!ity (kg/m(3))
ranges from: 2,123 (2,123 g/cm(3))
to: 3,003 (3,003 g/cm(3))
Source: ORNL~6241/V1 (In preparation)
p. 40

Shale (a)
Molsture content (natural) (%)
ranges from: 0O
to: 38
Source: Y/OWI /TM36/6, p, 2-2

Shale (a)
Porosity (%)
ranges from: 30
to: 5 to 10
Source: ORNL-6241/Y2 (in preparation)
p. 218

Shale (a)
Michigan
Porosity (%)
ranges from: 3
to: 10
Source: ORNL-5703 (1983), p, 106

Shals (a)
Ittinols, Indiana and Kentucky
Porosity {average) (vol, %)
ranges from: 0,95
to: 4,64
Source: ORNL-5703 (1983), p, 76

Shale (a)
Porosity (effective) (units not stated)
ranges from: 0,01
to: -
Source: ORNL-6241/V2 (in preparation)
p. 99

Shale (a)
Porosity (total) (units not stated)
ranges from: 0,03
to: -
Source: ORNL-6241/Y2 (in preparation)
p. 99

Shale (b)
Density (grain} (average) (presumed g/cm(3))
ranges from: 2,71
to: -
Source: Y/OWi/SUB-7009/1 (1976), p, 10
Shale (b)
Density (kg/m(3))
ranges from: 2,563
to: -
Source: ORNL-6241/V2 {in preparation)
p. 99

(2,563 g/cm(3))

Shale (b}
Molsture content (natural) (%)
ranges from: 1,5
tor -
Source: Y/OW|/TM36/6, p, 7-8

Shale (b)
Ililnols, tndiana, Kentucky
Poroslty (%)
ranges from: 0,95
to: 4,64
Source: ORNL/Sub/84-64794/1 (1985),
p. 85

Shale (b)
Michigan
Porosity (%)
ranges from: 3
To: 10
Source: ORNL/Sub/84~64794/1
p. 98

(1985),

Shale (b)
Porosity (rock mass) (%)
ranges from: O
to: 45
Source: Y/OW! /TM36/6, p, 2-2

Shatle (b)
Porosity (total) (units not stated)
ranges from: 0,03
to: ~
Source: ORNL-6241/V2 (in preparation)
p. 52

Shale (¢)
Denslity (presumed g/cm(3))
ranges from: 2,4

to: -
Source: Y/OWI /SUB-T7009/1 (1976), p, 8



Shale (c)
Moisture content (natural) (%)
ranges from: 18
to: -
Sourcs: Y/OW| /TM36/6, p, 3-24

Shate (c)
Porosity (total) (units not stated)
ranges from: 0,003
to: 0,056
Source: ORNL-6241/V2 (in preparation)
p. 52

Shale (d)
Density (presumed g/cm(3))
ranges from: 2,65
to: -
Source: Y/OW!/SUB~7009/1 (1976), p, 8
Shate (d)
Northern Great Plains
Molsture content (naturat) (%)
ranges from: 18
to: 38
Source: ORNL/Sub/84-64794/1
p. 293

(198%),

Shale (d)
Ohio
Porosity (total) (units not stated)
ranges from: 0,03
to:r -
Source: ORNL-6241/V2 (In preparation}
p. 52

Shale (e)
Density (presumed g/cm(3))
ranges from: 2,2
to: -~

Source: Y/OW1/SUB~7009/1 (1976), p, 8
Shale ()
Western USA
Molsture content (%)
ranges from: 35
to: 15

Source: Y/OWi/TM36/6, p, 3-!

Shale (o)
Pennsyivania
Porosity (total) (units not stated)
ranges from: 00,0117
to: -
Source: ORNL~6241/V2 (in preparation)
p. 52

Shale (f)
Density (presumed g/cm(3))
ranges from: 2.3
to: -~
Source: Y/OWi/SUB-7009/1 (1976}, p, 8

Shale (f)
Scottand
Porosity (total) (units not stated)
ranges from: 0,016
to: -
Source: ORNL-6241/V2 (in preparation)
p. 52

o
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Shale (g)
Density {presumed g/cm(3))
ranges from: 2,2
to: -~
Source: Y/OW!/SUB-7009/1 (1976),
Shale (h)
Denslity (presumed g/cm(3))
ranges from: 2,5
to: -
Source: Y/OWi/SUB-7009/1 (1976),
Shaie (i)
Density (presumsd g/cm(3))
ranges from: 2,0
to: ~
Source: Y/OW!/SUB-7009/1 (1976),
Shale (j)
Gulf Coast
Density (g/cm(3))
ranges from: 2,1
to: 2,3
Source: Y/OWIl/SUB-7009/1 (1976),
Shate (k)
Gulf Coast
Density (presumed g/cm(3))
ranges from: 2,58
to: -
Source: Y/OW!/SUB-7009/1 (1976},
Shales
New York, Kentucky, Virginia and
Virginla
Density (bulk) (average) (g/cm{3))
ranges from: 2,61

to: 2,68
Source: ORNL~5703 (1983), p, 37
Shales
Black Hills
Density (bulk) (presumed g/cm(3))
ranges from: 1,559
to: 2,038
Source: Y/OW!l/SUB~-7009/1 (1976},
Shales

Eastorn Canada
Density (buik) (presumed g/cm(3))
ranges from: 2,07
to: 2,68

Source: Y/CWl/SUB-7009/1 (1978),
Shaies

Okiahoma
Density (bulk) (presumed g/cm{(3}))

ranges from: 2,1

to: 2,62

Source: Y/OW!/SUB~7009/1 (1976),

Shales

Western Canada
Density (bulk) (presumed g/cm(3))
ranges from: 2,43
to: 2,71
Y /04l /SUB--7T009/1

Source: (1976),

Pe

Pe

121

12

West

P.

Ps

P

15
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Shales
Denstty (dry) (presumed g/cm(3))
ranges from: 1,55
to: 2,55
Source: Y/OM)/SUB~7009/1 (1976), Flg. 1}

Shales
Black Hllls
Denstty (graln) (average) (presumed g/cm(3))
ranges from: 2,66
to: -~
Source: Y/OW1/SUB~7009/1 (1976), p, 10

Shales
Kansas
Dens!ty (graln) (average) (presumed g/cm(3))
ranges from: 2,72
to: -~
Source: Y/OM!/SUB-7009/1 (1976), p, 10

Shales
Venezuela
Dens!ty (graln) (average) (presumed g/cm(3))
ranges from: 2,69
to: -
Source: Y/OWI/SUB-7009/1 (1976), p. 10

Shales
Density (Ibs/f+(3))
ranges from: 117 (1,874 g/cm(3))
to: 188  (3.011 g/em(3))
Source: Y/OW1/TM36/6, p, A-2, 3 & 4

Shales
Denstty (wet) (presumed g/cm(3))
ranges from: 1,98
to: 2,67
Source: Y/OWI/SUB~7009/1 (1976), Flg, 1

Shales
Molsture content (natural) (%)
ranges from: 38
to: 12
Source: Y/OW)/SUB~7009/1 (1976), p. 14

Shales
Poroslty (%}
ranges from: 0.7 (70% ?)
to: 0,1 (108 1)
Source: 0RN%-6241/V2 {In preparation)
p. 199

Shales
Appalachlan Basl!n
Porostty ($)
ranges from: ca, 3
to: -~
Source: ORNL-6241/VZ2 (In preparation)
p. 219

Shales
{1Tnols Basln
Poroslty (%)
ranges from: 0,9
to: 4,6
Source: 0RN§;S241/V2 (In preparation)
Pe

Shates (a)
Kentucky
Porosity (%)
ranges from: 3,3
to: 10,1
Source: ORNL-6241/¥2 (In preparation)
p. 219

Shales (b)
Kentucky
Poroslty (%)
ranges from: 15
to: 3
Source: Y/OW!/5UB-7009/1 (1976), p. 16

Shales
Michigan Basln
Poros!ity (%)
ranges from: 3
to: 10
Source: ORNL-6241/V2 (In preparat!ion)
p. 2192

Shales
Ok | ahoma
Porosity (%)
renges from: 25
to: 2
Source: Y/Owi/SUB-T7009/% (1976}, p, 16

Shales

USA and Europe
Poros!ty (%)

ranges from: 19

to: 1
Source: ORNL~6241/V2 (In preparation)
pe 219
Shales
Kentucky, New York, Virglnla and West
Virginla

Poros!ty (average) (vol, %)
ranges from: 2.86 to 3,87
to: -
Source: ORNL-5703 (1983), p, 37

Shales
Pennsylvanta
Poroslty (effectlve) (§)
ranges from: 1,17
to: -~
Source: ORNL-6241/V2 (In preparatlion)
p. 219

Shales
South Carollna
Poroslty (eftectlive) (%)
ranges from: ca, 0,5
to: =
Source: ORNL-6241/Y2 (In preparation)
p. 219

Shales (a)
Density (bulk) (g/cm(3))
ranges from: 1,6
to:r 2.5
Source: ORNL-6241/¥2 (1n preparation)
p. 199
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Shales (a) Smectite (Ca)
Molsture content (%) Yoid ratio (dimensionless)
ranges from: 1,3 rangss from: 7,0
to: 38 to: 1,0
Source: Y/QWi/THM36/6, p, A-13, 14 & 15 Source: ONWl-486 (1983), p, 38
Shales (a) Smactite (Na)
Porosity (%) Yoid ratio (dimensionless)
ranges from: 3 ranges from: 30,0
to: 15 tor 1.0
Source: ORNL~6241/V2 (in preparation) Source: ONW1-486 (1983), p, 38
p. 218
Shales (b)

Density (bulk) (presumed g/cm{3})
ranges from: 2,40
to: 2,43
Source: Y/O#!/SURB-T009/1 (1976), p. 16

Shales (b)
Porosity (%)
ranges from: 15 +o 45
to: 3 to 20
Source: ORNL-6241/V2 {in preparation)
p. 219

Shales (b)
Water content (vo! %)
ranges from: 70 to 90
to: 5 to 10
Source: ORNL-6241/V2 (In preparation)
p. 218

Shales (c)
Density (natural) (presumed g/cm{(3})
ranges from: 2,43
to: 2,65
Source: Y/0M!/SUB-T7009/1 (1976), p, 18

Shales (c)
Porosity (%)
rangss from: 0,4
to: 7.2
Sourca: Y/01/SUB-T0G9/1 (1976), p, 18

Shales (d)
Poresity (%)
ranges from: 0,0
to: 44,8
Source: Y/OH!/TM36/6, p, A~12

Shales (o)
Germany
Poroslty (%)
rangas from: 2
to: ca, O
Source: Y/CW!/SUB-T7009/1 (1976), p. 15

Smectite
Density (presumed g/cm(3))
ranges froms 2,2-2,7
to: 1,77
Scurcs: YAMI /SUB~7009/1 (1976), p., 9

Smectite
Specific surface (m(2)/q)
ranges from: 800
to: ~
Source: NUREG/CF-0052 (1983), p, 182



Bentonlte (Ca)
Hydraullc conductivity (cm/s)
ranges from: 1,3 x 10(~12) and 1,6 x
10(~-12)
to:
Source: ONWI-312 (1981), p, 33

Bentonlte {Ca)
Hydraullc conductlvity (cm/s)
ranges from: 7 x 10(~12)
to: 2 x 10(~12)
Source: PNL-4452 UIC-70 (1983), p, 14

Bentonlte (Ca) and (Na)
Permeablilty (m(2))
ranges from: 1 x 10(~16)
cm/s)
to:
Source: NUREG/CP-0052 (1983), p, 209

Bentonlte (Na)
Hydraullc conductivity (cm/s)
ranges from: 2,7 x 10(-9)
to: 0,7 x 10(-9)
Source: ONW!=-312 (1981), p, 34

Bentonlte (Na)
Wyom!ng
Hydraullc conductlivity (cm/s)
ranges from: Not stated
to: 10(-9)
Source: ONN1-486 (1983), p, 61

Bentonlte (Na) (a)
Hydraullc conductivity (em/s x 10(12))
ranges from: <1 (<1 x 10(-12) cm/s)
to: ca, 8 (ca, 8 x 10(~12)
cm/s)
Source: ONW{-312 (1981), p, 11

Bentonlte (Na) (b)
Hydraullc conductlivlty (cm/s)
ranges from: ca, | x 10(~13)

to:
Source: ONWi~312 (1981), p, 10

Bentonlte (Na) (c)
Hydraullc conductivlty (cm/s)
ranges from: 4,6 x 10(~12) and 6,4 x
10{~12)
to:
Source: ONWI-312 (1981), p, 33

Bentonlte (Na) (d)
Hydraullc conductivlity (cm/s)
ranges from: 6,6 x 10(~10)
to:
Source: ONW!-312 (1981), p. 33

Bentonlte (Na) ()
Hydraullc conductlivity (cm/s)
ranges from: 5,6 x 10(-13)
to:
Source: ONW!~312 (1981), p. 33
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(9.7 x 10{-8)

Bentonlte (Na) (f)
Hydraullc conductivity {(cm/s)
ranges from: 6 x 10(~12)
to: 6 x 10(-13)
Source: PNL-4452 UC-70 (1983), p, 13

Bantonlte (Na) (g}
Hydraullc conductivity (cm/s)
ranges from: 1,2 x 10{~12)
to: 8,3 x 10(~13}
Source: PNL-4452 UC~70 (1983), p. 27

Bentonlte (Na) (h)
Permeablilty (cm/s)} (hydrauilc conductlvity)
ranges from: 1 x 10(~11)
to:
Source: ONW1~312 (1981}, p, 10

Bentonlte (Na) (1)
Permeabl |1ty (cm/s) (hydraullc conductivlty)
ranges from: 3 x 10(-8)
to: 1.5 x 10({-9)
Source: ONWI-312 (1981}, p, 10

Bentonlte (Na) (j)
Permeabl ity (m/s) (hydraullc conductivlty)

ranges from: 5 x 10(~-15) (5 x 10(~13
cm/s)
to: 1 x 10(-11) (1 x 10(-9)
em/s)
Source: KBS TEKNISK RAPPORT 74 (1978},
p. 8

Bentonlte (Na) (k)
Permeabl 11ty (m/s) (hydraullc conductlivity)

ranges from: ca, 1 x 10(~11) (ca, 1 x
10(-9) em/s)
to:
Source: KBS TEKNISK RAPPORT 9 (1977),
p. 4

Bentonlte (Na) (I)
Permeabl |ty (m/s) (hydraullc conductlvity)

ranges from: ca, 3 x 10(-11) (ca, 3 x
10(~9) cm/s)
to:
Source: KBS TEKNISK RAPPORT 9 (i377),
p. 4

Bentonlte (Na) (m)
Permeabl i1ty (m/s) (hydrau!lc conductivity)
ranges from: 1 x 10{~10) (1 x 13{~8)
cm/s) (maximum)
to:
Source: KBS TEKNISK RAPPORT 9 (19277),
p. 5

Bentonlte {Na) and
Yarlous
Hydraullc conductIvlity (em/s)
ranges from: 10(~4)
to: 10(-12)
Source: ONWI-486 (1983), p, 36

(Ca)

Benton!te (Na) and Sand
Hydraullc conductivity (em/s)
ranges from: ca, 10(-9)
to: ca, 10(-12)
Source: PNL-4452 IC~-70 (1983), p, 16
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Benton!te and Sand
Hydraullc conductivity (m/s)

ranges from: ca. 10(=6) (ca, 1 x
10(-4) om/s)
to: ca, 10(-14) (ca, | x

10(~12) cm/s)
Source: AECL~78]2 (1983), p. 29

Bentonlte and Sand (3}
Oregon
Permeabl i1ty (cm/s) (hydraullc conductivity)
ranges from: 9,5 x 10(-8)
to:
Source: RHO-PW!-~SA-80 (1981), p, 7

Bentonlte and Sand (b)
Oregon
Parmeabl ity (cm/s) (hydraullc conductivity)
ranges from: <9,5 x 10(~8)
to:
Source: RHO-BW!~SA~80 (1981), p. 7

Bentonlte and Sand (c)
¥yomlng
Parmeab! 1ty (cm/s) (hydraullc conductivity)
ranges from: <9,5 x 10(-8)
to:
Source: RHO-BW)-SA-80 (1981), p. 7

Bentonlte and Sand (d)
Wyom!ng
Permeablilty (cm/s) (hydraullc conductlvity)
ranges from: <9,5 x 10(-8)
to:
Sourceg: RHO-BW!-SA-80 (1981), p, 7
Bentonlte and Sand (s}
¥ yom! ng
Permeabl i ity (m{2})
ranges from: 3 x 10(-18)
cm/s)

(2,9 x 10(-9)

to:
Source: NUREGAP-0052 (1983), p. 220

Bentonlte and Sand (f)
¥Wyom!ng
Parmesabl ity {(m(2})
ranges from: 2 x 10{-18)
cm/s)

(7,8 x 10(~-9)

toz
Source: NUREG/CP-0052 (1983), p. 220

Clay
Permeabl ity (mfs} (hydraullc conductivlty)
ranges from: 1 x 10(~9) (1 x 10(~-7)
cm/s)
tos
Source: KBS TEKNISK RAPPORT 9 (1977),
p. 4

Clay
Loulslana
Hydraul 1c conductivity (cm/s)
ranges from: 10(-8) (est)
to:
Source: ORKL/Sub/84~64794/1 (1585),
P 175

Ciay
Balglum
Hydraullc conductivity (m/s)

ranges from: 10(-10) (1 x 10(-8) cm/s)
to: 10(-12) (1 x 10(~10)
cm/s)

Source: Rad Waste Management and Nuclear
fus! Cycle v, & (1985), p, 54

Clay
England
Hydirauilc conductlivlity (m/s)
ranges from: 10(-12)
om/s )
to:
Source: Rad Waste Management and Nucisar
Fusl Cycle v, 6 (1985}, p, 54

(1 x 10(~10)

Clay
Iraly
Hydrau!lc conductivity (m/s)
ranges from: 10{(~-11)
to:
Source: Rad Waste Managemsnt and Nuclear
Fue! Cycle v, 6 (1985), p, 54

(1 x 10(-9) cm/s)

Ctlay and Sand
Hanford
PermeablIlty (em/s) (hydraullc conductivity)
ranges fram: <9.,5 x 10{(~-8)
to:
Source: RHO-BYI-SA-80 (1981), p, 7

Clays and Shailes
Permeablilty (md)

ranges from: 8 x 10(-4) (7.7 x 10(-10)
cm/s )
to: 2 x 10{-6) (1.9 x 10(~12)
cmis )
Source: Proc NEA Workshop OECD (1979b),
p. 69
Hilte {(Ca)

Hydrau!lc conductivlity (cm/fs)
ranges from: 10(-10)
to: 10(-5)
Source: ONW!~-486 {1983), p, 35

li11te (Na}
Hydraullc conductivity (cm/s)
ranges from: 10{-10)
to: 10{-7)
Source: OMdI-4B6 (1983), p, 35
Kaoltnlte {2)
Parmsablitty (®(2))
ranges from: ! x 10(~16)
cm/s)
to:
Souirce: NUREG/CP-0052 (1983), o, 20%

(9.7 x 10(-8)

Kaclinlte (b)
Parmeablitty (m{2))
rangas from: 5 x 10(-17)
cm/s)
tos
Source: MUREG/CP~-0052 {1983), p, 209

(4,9 x 10(~-8)
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Kao!lnlte (Ca) .
Hydraullc conductlivity {(cm/s)
ranges from: 10(~8)
to: 10(~5)
Source: ONWi-486 (1983), p, 35

Kaolinlte (Na)
Hydraullc conductlivlity (cm/s)
ranges from: 10(~-8)
tor 10(-5)
Source: ONW1-486 (1983), p, 35
Kao!lnlte and Sand
Permeabl!ilty (m(2))
ranges from: 2 x 10(-16)
cm/s}
to:
Source: NUREG/CP-0052 (1983), p, 209

(1.9 x 10(-7)

Shale
Groundwater travel distance (m)
ranges from: 6
to: 40
Source: 0RN§;624|/V1 (In preparation)
Pe

Shale
tlitnols Basln
Hydraullc conductlivlity (cm/s)
ranges from: 10(-9)

to:
Source: ORNL~6241/V2 (in preparation)
P- 220

Shale
Tennessee
Hydraullc conductivity (cm/s)
ranges from: 6 x 10(~10)
to: 3 x 10(~11)
Source: ORNL-6241/V2 (In preparatlion)
p. 220

Shaie
Hydraullc conductivity (hor!zontal) (m/s)

ranges from: 1 x 10(-10) (} x 10(~-8)
cm/s)
to: 1 x 10(~12) (1 x 10(~-10)
cm/s)
Source: ORNL-6241/V1 (In preparation)
p. 33

Shale
I1itnols
Hydraullc conductlvlty (horlzontal) (m/s)

ranges from: 2 x 10(-11) (2 x 10(-9)
cm/s)
to:
Source: ORNL-6241/V2 {ln preparation)
p. 42
Shale
Mary land

Hydraullc conductlvlity (horlzontal) (m/s)
ranges from: 0,0(7) {0,0 cm/s) (2)
to: | x 10(~9) (1 x 10(~7)
cm/s)
Source: ORNL-6241/¥2 (In preparation)
po 43

Shafe
Michlgan
Hydraullc conductlivity (horizontal) (m/s)

ranges from: 1 X 10(-11) (1 x 10(-9)
cm/s)
to: 2 x 10(-8) (2 x 10(-6)
cm/s)
Source: ORNL-6241/V2 (In preparation)
P 42

Shale
Pennsy{vanla
Hydraullc conductlivity (horlzontal) (m/s)
ranges froms 3 x 10(-11) (3 x 10¢(~9)
cm/s)
to:
Source: ORNL-6241/VZ (1n preparation)
p. 42

Shaie
Pennsyivan'la
Hydraullc conductivlty (horlzontal) (m/s)

ranges from: 1 x 10{-1%) (1 x 10(-9)
cm/s)
to:
Source: 0RN:;624I/V2 (tn preparation)
p'

Shale
South Carollna
Hydraullec conductlivity (horlzontal) (m/s)

ranges from: 1 x 10(-13) (1 x 10(=11)
cm/s)
to: 1 x 10(-10) (1 x 10(-8)
cm/s)
Source: 0RN§;624I/V2 (In preparation)
P

Shale
South Carollna
Hydrauilc conductivity (horlzontal) (m/s)

ranges from: 1 x 10(~12) (1 x 10{(~1
cm/s)
to:
Source: ORNL-6241/¥2 (In preparation)
Pe 43

Shale
South Dakota
Hydrauifc conductivlity (horlzontai) (m/s)

ranges from: 1 x 10(~12) (1 x 10(-10)
cmis)
to: 1 x 10(-11) {1 x 10¢(-9)
cm/s)
Source: ORNL~6241/V2 (1n preparation)
p. 43
Shale
Tennessee

Hydraullc conductlvlty (horlzontal) (m/s)

ranges from: 3 x 10{~13) {3 x 10(~-11)
cm/s)
to: 2 x 10(~12) (2 x 10(~10)
cm/s)
Source: ORNL-6241/¥2 (in preparation)
p. 42
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Shale
Hydraullc conductivlty (vertical) (m/s)

ranges from: 1 x 10{(-11) (1 x 10(-9}
cmfs)
to: 1 x 10{~13) (1 x 10(~11)
cm/s?
Source: ORNL-6241/Y1 (In presparation)
P 33
Shale
Hydraulle conductlivlity {vertlical) (m/s)
‘rangss from: 1 x 10(~12) (1 »x 10(-10)
cm/s)

to:
Source: ORNL-6241/Y2 (In preparatlon)
P. 99

Shale
Inflew (mi/mIn per m)
ranges from: 1 x 10(-1}
fo: 5 x 10(-1)
Source: ORN286241/V1 (In preparation)
pe 3

Shale
Inflow (ml/mln per m)
ranges from: 10

to: <1
Source: ORNL-6241/Y2 (in preparation)
p. 106
Shale
Chio

Pormeablilty (ft/yr) (hydraullc conductivity)

ranges from: 10(-3) (2,7 x 10(=10)
cm/s)

to: 10(-4) (9.7 x 10(-11)
cm/s)

Source: Y/OW)/TM36/6 (19783, p, 5-14

Shale
Permeabl Ity (horizontai) (ft/yr) (hydraullc
conductivity)
ranges from: 0,01 (9,7 x 10(-9) cm/s)}
o
Source: Y/QWI/TM36/6 (1978}, p, 3-24

Shatie
Ohlo
Permeabl Ity (horlzontai) (ft/yr) (hydraullc
conductivity)
ranges from: 0,1 (9,7 x 10(-8) cm/s)
to:
Source: Y/ /TM36/6 (1978), p, 4~12

Shale
Permeabl 11ty (md)
rangss from: 5 x 10(-2}
cmis)

(4,9 x 10(-7}

to:
Source: YA /SUB-7009/1 (1976}, p, 1t

Shale
Callfornla
Permeablilty (md)
ranges from: 4 x 10(-4)
cm/s)

(3.8 x 10(~10}

to:
Source: Y/ /SUB=-T7009/1 (19765, p, 11

Shate
Colorado
Parmeablilty (md)
ranges from: <0,05
cm/s)

(<4,9 x 10(-7)

to:
Source: Y/OWI/SUB-7009/% (1976}, p, 14

Shale
Gulf Coast
Permeablilty (md)
ranges from: 1 x 10(~8)
cm/s) (1)
to: 2,5 x 10(~-9) (2,4 x
10(~=15) em/s) (?)
Source: Y/OW | /SUB-7009/1 (1976}, p, 11

(9,6 x 10(~15)

Shals
Mlichlgan
Parmeablitty (md)
rangss from: 0,001 (1 x 10(-9} cm/s}
to: 2,0 (1,9 x 10(-6) cm/s)
Source: ORML/5703 (19833, p, 109

Shals
Mlchlgan
Permeabl I Ity (md)
ranges from: 0,001 (1 x 10(~9) cm/s)
to: 2,0 (1,9 x 10(~6) cm/s)
Source: ORN;éSub/84m64794/l (1985),
Pe

Shala
Permeabl itty (vertical) (factor of K
horlzontal)
ranges from: 1/2Kh
to: 1/10Kh
Source: Y/C¥1/TM36/6 (1978), p, 2-2

Shale
Permsabl 111y (vertlcal) (ft/yr) (hydraullc
conduct!vlty)
ranges from: 0,005
tos
Source: Y/CW1/T#36/6 (1978}, p., 3-24

(5 x 10{~9} cm/s)

Shaie
Ohlo
Permeablilty (vertlcal) (ft/yr) (hydraullc
conductivity)
ranges froms
to:
Source: Y/OW1/TA36/6 (1978), p, 4~-12

0.05 (5 x 10(~8) cm/s}

Shals
Specltlc storage (I/m)
ranges from: 1 x 10(~6)
to:
Source: CORNL~6241/V2 (In preparatlton)
p. 99

Shale
Specitlc storage {1/m)
ranges from: 4,3 x 10(-7)
to: 2.8 x 10(~6)
Source: QRN%;6241/V2 {(tn preparatlon)
P.
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Shaie
Specl flc storage (m(-1)) (?)
ranges from: 5 x 10(-6)
to: 5 x 10(~-7)
Source: ORNL-6241/V1 (in preparation)
pe 33

Shale
Trave! time (years)
ranges from: >100,000
to: >100,000
Source: ORNL-6241/V1 (In preparation}
pe 36

Shale (a)
Hydraulic conductivity (horlizontal) (m/s)

ranges from: 1 x 10(-11) (1 x 10(~9)
cm/s)
to: ’
Source: ORNL~6241/V2 (in preparation)
p. 106

Shale (a)
Permeabllity (ft/yr) (hydraulic conductivity)
ranges from: 0,1 (9,7 x 10(-8) cm/s)
to: 0,05 (4.8 x 10(-8) cm/s)
Source: Y/OW1/TM36/6 (1978), p, 7-8

Shale (a)
Permeabl iity (md)
ranges from: 1,1 x 10(-4)
10{(-10) em/s)
to:
Source: Y/OWi/SUB-7009/1 (1976), p, 11

(1.1 x

Shale (b)
Hydraullic conductlivity (horizontal) (m/s)

ranges from: 1 x 10(~-16) (1 x 10¢-14)
cm/s)
to: 1 x 10{~-11) (1 x 10(~9)
cm/s)
Source: ORNL-6241/V2 (in preparation)
p. 42

Shale (b)
Great Plains
Permeabl 11ty (cm/s) (hydraulic conductivity)
ranges from: 1 x 10(~6)
to: 1 x 10(-~10)
Source: ORNL/Sub/84-64794/1 (19853,
p. 293

Shale (b)
Permeabliiity {mlcrodarcles)
ranges from: 100 (1 x 10{(-7) cm/s)}
to: 0,01 (1 x 10(~9) cm/s)
Source: ORNl‘.;gZM/W (in preparation)
Pe

Shale (¢)
Hydraullc conductivlity (horizontal) (m/s)

ranges from: 1 x 10(~-11) (1 x 16(~-9)
cm/s)
to: 7 x 10(~9) (7 x 10(~-7)
cm/s)

Source: ORNL£624!/V2 (in preparation)
p. 4

Shale (d)
Hydraulic conductivity (horizontal) (m/s)
ranges from: 1 x 10(-11) (1 x 10(-9

cm/s)
to: 1 x 10(~5) (1 x 10{-4)
cm/s5)
Source: ORNL-6241/VZ (in preparation)
p. 43

Shale {e)
Permeabi 11ty (horlzontal) (ft/yr) (hydraullc
conductivity)

ranges from: ! x 10{-4) (9.7 x 10(~11)
cm/s)
to: 1 x 10(3) (9,7 x 10(-4)
cm/s)

Source: Y/OWi/TM36/6 (1978), p., 2-2

Shales
East Coast
Hydraulic conductivity (em/s)
ranges from: 10{-7)
. to: 10(~11)
Source: ORNL-6241/Y2 (in preparation)
po 220

Shales
Michlgan and Appalachian Baslins
Hydraullc conductivity (cm/s)
ranges from: 10(-6)
‘o: 10(-9)
Source: ORNL-6241/¥2 {In preparation}
p. 220

Shales
Northern Great Plains
Hydraulic conductivity (cm/s)
ranges from: 10(~6)
to: 10(-10)
Source: ORNL-6241/V2 (in preparation)
pe 220

Shales
Permeabl Ity (md)
ranges from: 8 x 10(-4)
cm/s)
to: 2 x 10{~6) (1,9 x 10(~12)
cm/s )

Source: Y/OW!/SUB-T009/1 (1976),

(7.7 x 10(-10)

p. 11

Shales
Iitinols
FPermeabl ity (md)

ranges from: 2 x 10(~6) (1,9 x 10(~12)

cm/s)
to:
Source: Y/OWl/SUB-7009/1 (1976), p,
Shales
Montana

Permeabl 1 ity (md)
ranges from: 6 x 10(-4)

cm/s)

to:

Source: Y/OWi/SUB-7009/1 (1976), p. 11

(5.8 x 10(~10)
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New Mex!co
Permeablilty (md)
ranges from: 2 x 10(-6)
cm/s)

(1.9 x 10(-1
to:

Source: Y/CWi/SuB-7009/1 (1976), p. 11
Shales

Ok lahoma
Parmeabl Ity (md)

ranges from: 8 x 10(-4)

cm/s)

(7,7 x 10(~1
to:

Source: Y/OW1/SUB-7009/1 (1976), LA

P-
Shales
Texas
Permgabl Ity (md)
ranges from: 3 x 10(-4)
cm/s)
to: 7 x 10(~6)
cm/s)
Source: Y/CHI/SUB-7009/1

(2,9 x 10(-1

(6,7 x 10{~1}

(1976), p. 11

Shales
Utah
Permeabl Ity (md)
ranges from: 7 x 10(-6)
cm/s)

(6,7 x 10(~1
to:

Source: Y/OW[/SUB~7009/1 (1976), p. 11
Shales (c)
Hydraullec conductlvlty (cm/s)
ranges from: 10(=8)
to: 10(=11)
Source: ORNL~6241/V2 (1In

p. 218

preparatlion}

Shales (d)
Hydraulle conductivity (cm/s)
ranges from: 10(-9)
to: 10(~11)
Source: ORNIL-6241/V2 (lIn
p. 219

preparation)

Shates (e)
Permeabl i1ty (m(2))

ranges from: 10(-17) (9.7 x 10(-9)
cm/s)
to: 10(-21) (9.7 x 10(~-13)
cm/s)
Source: ORNL-6241/V2 (In preparatlon)
p. 199
Shales (f)
Yarlous
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2)

0]

o)
2)

2)

Permeablilty (ft/yr) (hydraullc conductivity)

ranges from: 1,0 x 10(-4) (9,7 x
10(~-11) cm/s)
to: 1,1 x 10(3) (1.1 x 10(-4)
cm/s)

Source: Y/CWi/TM36/6 (1978), p. A-16

ST ltstoneMudstone
South Carolitna
Hydraullc conducttivlty (horltzontal) (m/s)
ranges from: 1 x 10(~13) (1 x 10(~-11)
cm/s)
to: 5 x 10(~10)
cm/s)
Source: ORNL-6241/V2 (1n preparatlon)
p. 43

(5 x 10(-8)

Slity Clay
Hydraullc conductlivlity (cm/s)
ranges from: 5 x 10(-6)
to: ca., 2 x 10(~8)
Source: OMWi-486 (1983), p. 39
Stity Clay
Hydraullc conductlvity (cm/s)
ranges from: 5 x 10(-€)
to: 10(-7)
Source: ONW!~486 {(1983), p, 39
Smectite (Ca) (a)
Hydraullc conductlivity (cm/s)
rangses from: 10(-11)
to: 10(-6)
Source: OM#!-486 (1983), p, 35
Smactite (Ca) (b)
Permeab! Ity (m(2))
ranges from: 3 x 10(~18)
cm/s)
to:
Source: NUREG/CP-0052 (1983), p, 209

Smactlte (Ca) and Sand
Permeabt Ity (m(2))
ranges from: 4 x 10(-17)
cm/s}
to:
Source: NUREG/CP~0052 (1983), p, 209

Smactlite (Na) {(a)
Hydraullc conductivlty (cm/s)
ranges from: 10(-11)
to: 10(~7)
Source: ONw!-486 (1983), p, 35

Smactite (Na) and Sand
Permeablllty (m(2))
ranges from: 5 x 10(-19)
cm/s )
to:
Source: NUREG/CP-0052 (1983), p, 209

Volclay sallne sea! and Sand
Hydraullc conductivity (cm/s)
ranges from: 2.9 x 10(-12)
to: 4,1 x 10(-12)
Source: ONwWi-312 (1981), p, 33

(2,9 x 10(~9)

(3.9 x 10(-8)

(4,9 x 10(-10)
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Argltilite
Bulk modulus (confined) (GPa)

ranges from: 14,0 (1.4 x 10(4) MPa)
to: -

Source: Proc NEA Workshop OECD (1979b),
p. 87

Argliilite
Coheslon (unconfined) (MPa)
ranges from: 8 x 10(-1)

to: -
Source: Proc NEA Workshop OECD (1979b),
p. 87
Arglilite

Compressive strength (unconflined) (MPa)
ranges from: 4,75
to: -
Source: Proc NEA Workshop OECD (1979b),
p. 87

Arglilite
Friction angle (internal) (deg)
ranges from: 35
to: ~
Source: Pro§7NEA Workshop OECD (1979b),
Pe

Argiliite
Polsson's ratio
ranges from: 0,30
to: -
Source: Proc NEA Workshop OECD (1979b),
p. 87

Argitlite
Tenslle strength (MPa)
ranges from: 3,5
to: -
Source: Proc NEA Workshop OECD (1979b),
p. 81

Argillite (a)
Young's modulus (GPa)
ranges from: 3,7 (3,7 x 10(3) MPa)
to: 16 (MPa)
Source: Proc NEA Workshop OECD (1979b),
p. 83

Arglilite (b)
Young's modulus (unconfined) (GPa)
ranges from: 3,74 (3,7 x 10(3) Wa)
to: ~
Source: Proc NEA Workshop OECD (1979b),
p. 87

Bentonlite
Wyomlng
Plasticity (llquid limit) (%)
ranges from: 553,1
to: -
Source: RHO-BWI~SA-80 (1981), p, 6

Bentonlte
Wyomlng
Plasticity (plastic Index) (%)
ranges from: 519,5
to: -
Source: RHO-BW!-SA~B0 (1981), p, 6

Bentonite
Wyoming
Plasticity (plastic limit) (%)
ranges from: 33,6
to: -
Source: RHO-BWI-SA-80 (1981), p, 6

"Bentonite

Wyoml ng
Polsson's ratio
ranges from: 0,15
0 -

to:
Source: ONWI-486 (1983), p, 63

Bentonlte
Swelllng distance (mm)
ranges from: 1
to: N
Source: ONWI-312 (1981), p, 16

Bentonite
Oregon

Sweillng pressure (MWa)
ranges from: ca, 0

to: ca, 1.8
Source: AECL~7812 (1983), p, 34
Bentonite
Wyoming

Swelling pressure (MPa)
ranges from: ca, 0
to: ca, 2,2
Source: AECL~7812 (1983), p, 34

Bentonlite
Young's modulus (MPa)
ranges from: 300
to: -
Source: ONWI-~486 (1983), p, 63

Bentonlite (a)
Oregon
Plasticity (liquid Iimit) (%)
ranges from: 209,6
to: -
Source: RHO-BWi-SA~80 (1981), p, 6

Bentonite (a)
Oregon
Plasticlty (plastic Index) (%)
ranges from: 168,58
to: -
Source: RHO-BWI-SA-80 (1981), p, 6

Bentonlte (a)
Oregon
Plasticity (plastic limit) (%)
ranges from: 41,0
to: -
Source: RHO-BW!-SA-80 (i981), p, 6

Bentonite (a)
Oregon
Plasticity (shrinkage lImit) (%)
ranges from: 8,47
to: ~
Source: RHO-BWI-SA-80 (1981), p, 6



Bentonite (a)
Swallling (%)
ranges from: 5
to: 20
Source: KBS TEKNISK RAPPORT 9 (1977,
p. 5

Bentonlte (a)
Swelllng pressure (kPa)
rangas from: 30 (0,03 MPa) (?7)
to: 110 (0,11 MPa) (7)
Source: KBS TEKNISK RAPFORYT 9 (1977),
p. 6

Baentonite (b)
Oregon
Piasticity (liquid limit) ()
ranges from: 212,69
to: -~
Source: RHO-BW!-SA-80 (1981), p, 6

Bentonite (b)
Oregon
Plasticity (plastic Index) (%)
ranges from: 174,6
to: -
Source: RHO-BWI-SA-80 (1981), p, 6

Bentonlta (b)
Oregon
Plasticlity (plastic limit) (%)
ranges from: 38,1
tos -
Source: RHO-B®WI=-SA-80 (1981), p, 6

Bentonlte (b)
Oregon
Plasticity (shrinkage timit) (%)
ranges from: 8,96
to: -
Source: RHO-BWi-SA-80 (1981), p, 6

Bentonite (b)
Swelling (%)
ranges from: 15
to: 30
Source: KBS TEKN{SK RAPPORT 9 (1977),
p. 6

Bantonite (b)
Swelllng pressure {(kPa)

ranges from: 30 (0,03 wa) (?)

to: 200 (0,20 MP2) (7)
Source: KBS TEKNISK RAPPORT 9 (1977),
Pe 6
Bantonlte (c)
Swalling (%)
ranges from: 1
to: 50

Source: ONW1-486 (1983), p, 49

Bentonite ()
Swallling pressure (MPa)
ranges from: 0,7
to: ca, 70
Source: AECL-7812 (1983), p., 33
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Bentonite (Ca)
Swelllng pressure (MPa)
ranges from: 31,4
to: -
Source: ONWI-312 (1981}, p, 31

Beatonite (Na)
Wyoming
Plasticity {liquld 1imit) (%)
ranges from: 260
to: =~
Source: AECL~7825 (1984), p, 12

Bentonlite (MNa) (a)
Compressive strength (unconflned) (psi)
ranges from: 55,5 (3.8 x 10(~1) MPa)
to: ~
Source: OMWI~312 (1981), p. 22

Bentonite (Na) (a)
Plasticity (Iiquid limit) (%)
ranges from: 98
to: -
Source: AECL-7825 (1984), p, 12

Bentonlte (Na) (a)
¥Wyomi ng
Plasticity (plastic iimit) (5)
rangss from: 50
to: -~
Source: AECL-7825 (1984), p, 12

Bentonite (Na) (a)
Wyom! ng
Plasticity (plasticity Index) (%)
ranges from: 210
to: -

Source: AECL-7825 (1884), p, 12
Bentonite (Na) (a)
Shear strength (kPa)
rangss from: 1,600 (1,6 Wa)
to: <15  ( <1.5 x 10(-2) ¥Pa)

Source: KBS TEKNISK RAPPORT 74 (1978),
p, 16

Bentonite (Na) (a)
Swelllng pressure (MPa)
ranges from: >10
to: -~
Source: ONW!-312 (1981), p. 15

Bentonite (Na) (b)
Compressive strength (unlaxial) (MPa)
ranges from: 8.9
to: -
Source: KBS TEKNISK RAPPORT 74 (1978),
p. 14

Bentonite (Na) (b)
Wyoml ng
Plasticity (plastic limit) (%)
ranges from: 19
to: -
Source: AECL-7825 (1984), p. 12
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Bentonite (Na) (b)
Wyoml ng
Plasticity (plasticity Index) (%)
ranges from: 79
to: -
Source: AECL-7825 (1984), p, 12

Bentonlite {Na) (b}
Shear strength (MPa)
ranges from: 4,5
to: -~
Source: KBS TEKNISK RAPPORT 74 (1978),
p. 14

Bentonlte (Na) (b}
Swelling pressure (MPa)
ranges from: 57,7
to: -
Source: ONW!-~312 (1981), p, 31

Bentonite (Na) (c)
Sweiling pressure (MPa)
ranges from: 21,7
to: -
Source: ONW(-~312 (1981), p, 31

Bentonite (Na) (d)
Swelling pressure (MPa)
ranges from: ca, 72
to: -
Source: RHO-BWI-SA-80 (1981), p, 6

Bentonite (Na) (e)
Wyomlng
Swel ling pressure (MPa)
ranges from: ca, 3
to: ca, 8
Source: AECL-7825 (1984), p, 16

Bentonlte (Na) (f)
Wyoming
Swelllng pressure (MPa)
ranges from: ca, 2
to: ca, 20
Source: AECL-7825 (1984), p, 16

Bentonite (Na) (g)
Wyoming
Swelling pressure (MPa)
ranges from: 1
to: 8
Source: KBS TEKNISK RAPPORT 74 (1978),
p. 6

Bentonite (Na) (h)
Wyoming
Swelling pressure (MPa)
ranges from: 2
to: 23
Source: ONy1-486 (1983), p, 51

Bentonite (Na) (i)
Wyoming
Swselling pressure {(MPa)
ranges from: 3
to: 26
Source: ONWI~-486 (1983), p, 51

Bentonite (Na) (])
Wyomlng
Swelling pressure (MPa)
ranges from: 3
to: 27
Source: ONW!-486 (1983), p, 51

Bentonlte and Sand (a)
Oregon
Compressive strength (unconfined) (MPa)
ranges from: ca, 0O
to: ca, 1,8
Source: RHO-BWI-SA-80 (1981), Fig, 4

Bentonlte and Sand (a)
Oregon
Swelling pressure (MPa)
ranges from: ca, 0
to: ca, 1.8
Source: RHO-BWI-S5A-80 {1981), Fig, 3

Bentonlte and Sand (a)
Oregon
Young's modulus (MPa)
ranges from: ca, 55
to: ca, 80
Source: RHO-BWI-SA~-80 (1981), Fig. 5

Bantonlte and Sand (b)
Wyomlng
Compressive strength (unconfined) {(MPa)
ranges from: ca, 0
to: ca, 3
Source: RHO~BWI~-SA-80 (1981), Fig. 4

Bentonite and Sand (b)
Wyoming
Swelling pressure (MPa)
ranges from: ca, 0
to: ca, 2,2
Source: RHO-BWI~SA-80 (1981), Fig. 3

Bentonite and Sand (b)
Wyomlng
Young's modulus (MPa)
ranges from: ca, 45
to: 60
Source: RHO-BW!~-SA-B0 (1981), Fig. 5

Clay
Belglium
Coheslion {(MPa)
ranges from: 1 x 10(~1)
to: 1

Source: Rad Waste Management and Nuclear

Fuel Cycle v,6 (1985), p, 54

Coheslon (MPa)
ranges from: 1 x 10(-1)
to: -

Source: Rad Waste Management and Nuclear

Fuel Cycle v.6 (1985}, p. 54
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Clay
Be igium
Friction angle (angle of shear resistance)
(deg}
ranges from: 19
to: -
Source: Rad Waste Management and Nuclear
Fuel Cycle v,6 (1985), p, 54

Clay
Italy

Friction angle {(angle of shear resistance) (deg)

ranges from: 25
To: -

Source: Rad Waste Managsment and Nuclear
Fue!l Cycle v,6 (1585), p, 54

Clay
Belglium
Plasticity (liquid limit) (%)
ranges from: 77,5
to: ~
Source: Rad Waste Management and MNuclear
Fue! Cycle v,6 (1985), p, 54

Clay
England
Plasticlty (liquid limit) (%)
ranges from: 55
to: -
Sourrce: Rad Waste Management and Nuclear
Fuel Cycle v,6 (1985), p, 54

Clay
Hanford
Plasticity (liqulid Iltmit) (%)
ranges from: 44,6
to: -
Source: RHO-BWI~SA-80 (1981}, p, 6

Clay
Hanford
Plasticlty (liquid limit) (%)
ranges from: 63,9
to: -
Source: RHO-BW!~SA-80 (1981}, p. 6

Clay
italy
Plasticity (ilquid limit) (%)
ranges from: 50
to: -
Source: Rad Waste Management and Nuclsar
Fuel Cycle v,5 (1985), p., 54

Clay
Hantord
Plasticlty (plastic Index) (%)
ranges from: 18,8
to: -
Source: RHO-BwW!~SA-80 (1981), p, 6

Clay
Hanford
Plasticity (plastic Index) (%)
ranges from: 40,8
to: -
Source: RHO-BW!~-SA-80 (1981), p, 6

Clay
Belglum
Plasticity (plastic Hamit) (%)
ranges from: 26,5
to: -~
Source: Rad Waste Management and Nuclsar
Fue! Cycie v,6 (1985), p, 54

Clay
England
Plasticlity (plastic limit) (%)
ranges from: 26
to: -
Source: Rad Waste Management and Nuciesr
Fue! Cycle v.,6 (1985), p, 54

Clay
Hanford
Plasticity (plastic limlt) (%)
ranges from: 25,8
to: -
Source: RHO-BW!~SA-80 (1981), p, 6

Clay
Hanford
Plasticity (plastic limit) (%)
ranges from: 23,1
to: -
Source: RHO-BW!-SA-80 (1981), p. 6

Clay
1taly
Plasticity (plastic limit) (%)
ranges from: 25
to: -
Source: Rad Waste Management and Nuclear
Fue! Cycie v,6 {(1985), p, 54

Ctay
Loulislana
Plasticity (plasticity lndex) (%)
ranges from: 40
to: -
Source: ORNL/Sub/84-647%4/1
p. 173

(1985),

Clay
Hanford
Plasticity (shrinkage limit) (%)
ranges from: 19,75
to: -
Source: RHO-BW!-SA-80 (1981!), p, 6

Clay
Belglum
Shear strength (undralned) (MPa)
ranges from: 0,6
to: -~
Source: Rad Waste Management and Nuc!ear
Fuel Cycile v,6 (1985), p, 54

Clay
England
Shear strength (undrained) (#a)
ranges from: 1,2
tos -
Source: Rad Waste Management and Nuciear
Fue! Cycle v,6 (19853, p, 54
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Clay
italy
Shear strength (undralned) (MPa)
ranges from: 1,5
to: -~
Source: Rad Waste Management and Nuclear
Fuel Cycle v.6 (1985), p, 54

Clay
Louislana
Strength (MPa)
ranges from: 0,19
to: -
Source: ORNL/Sub/84-64794/1 (1985),
p. 173

Clay
Belglum
Young's modulus {elastic modulus) (MPa)
ranges from: 170
to: ~
Source: Rad Waste Management and Nuclear
Fuel Cycle v.,6 (1985), p, 54

Clay
ttaly
Young's modutus (elastic modulus) (MPa)
ranges from: 300
to: -
Source: Rad Waste Management and Nuc lear
Fue!l Cycle v.5 (1985), p. 54

Ihlite
Plasticity (plasticity Index) (%)
ranges from: O
to: 90
Source: ONW|-~486 (1983), p, 45

iitite
Swelling (%)
ranges from; <2
to: 20
Source: ONWI-486 (1983), p, 49

tilite (Ca)
Jackson County, OH
Plasticity (lIquid limit) (%)
ranges from: 69
to: -
Source: ONWl-486 (1983), p, 43

Filite (Ca)
Jackson County, OH
Plasticity (plastic limit) (%)
ranges from: 36
to: ~
Source: ONWI-486 (1983), p, 43

titite (Ca) (a)
Fithlan, L
Plasticity (liquid limit) (%)
ranges from: 90
to: -~
Source: ONWI-486 (1983), p, 43

1111te (Ca) (a)
Fithian, 1L
Plasticity (plastic limit) (%)
ranges from: 40
to: -
Source: ONWi-486 (1983), p. 43

Iilite (Ca) (b)
Grundy County, IL
Plasticity (ilquid limit) (%)
ranges from: 100
to: -~
Source: ONWI-486 (1983), p, 43

t1tite (Ca) (b)
Grundy County, IL
Plasticity (plastic limlit) (%)
ranges from: 42
to: -
Source: ONWI~486 (1983), p, 43

Iiiite (Na) (3)
Frictlon angle (residual) (tam)
ranges from: 0,3
to: 0.7
Source: ONW!-486 (1983), p, 47

[llite (Na) (b)
Friction angle (residual) (tan)
ranges from: 0,47
to: 0.7
Source: ONWI-486 (1983), p, 47

I1lite and Bentonite (a)
Swelling (%)
ranges from: 1
to: 54
Source: ONWI-486 (1983), p, 49

Ittite and Bentonlte (b)
Swelling (%)
ranges from: <2
to: 3Q
Source: ONWI-486 (1983), p, 49

111ite and Kaolinlte
Swelling (%)
ranges from: <2
to: <10
Source: ONWI~486 (1983), p. 49

Kaclinite
Compressive strength (unconfined) {psi)
ranges from: 1003 6.9 x 10(~1) Wa)
to: ~
Source: ONWI~-312 (1981), p, 22

Kaollnlte
Friction angle (residual) (tan)
ranges from: 0,27
to: 0,7
Source: ONWI-486 (1983), p, 47

Kaolinite
Plasticity (plasticity Index) (%)
ranges from: 0
to: 35
Source: ONwWi-486 (1983), p, 45



Kaoltinite
Swe!lling (%)
ranges from: <2

to: 4
Source: ONwi-486 (1983), p,

Kaalinite (Ca)
Anna, IL
Plasticity (liquid timit) (%)
ranges from: 73
to: -
Source: OMWil-~-486 (1983), p.

Kactinite (Ca)
Dry Branch, GA
Plasticity (llquid limlt) (%)
ranges from:
tor ~
Source: OMNW/1-486 (1983), p.

Kaclinits (Ca)
Anpa, L

Plasticlity (plastic limit) (%)
ranges from: 36

to:r =
Source: ONWl-486 (1983), »p,

Kaolintte (Ca)
Dry Branch, GA
Plasticlty (plastic timit) ($)
ranges from: 26
fo: ~
Source: OMW!-486 (1983), p.

Kaolinite and Bentonite
Swelling ()
ranges from: 2
to: 35
Souirce: ONwl~486 (1983), p.

Oif Shales
Compressive strength (Mal
ranges from: 35

to: 138
Sourca: ORNL/Sub/B4-64794/1
p. 348
Olt Shales

Compresslve strength (MPa)
ranges from: 138
tos 172
Source: ORNL/Sub/84-64794/1
p. 348

Ot Shales
Polsson's ratlo
ranges from: 0,2
to: 0,3
Source: ORNL/Sub/84~64794/1
p. 348

01l Shales
Polsson's ratio
ranges from: 0,15
to: 0,20
Scurce: ORNL/Sub/84-64794/1
p. 348

49

43

43

43

43

49

(1985,

(1985),

(1985),

(1985),
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0il Shales
Young's modulus (Ma)

rangss from: 7,000 (7 x 10(3))
to: 17,500 (1,75 x 10(4))
Source: ORNL/Sub/84-64794/1 (1985),
p. 348

Oil Shatss
Young's modulus (MPa

ranges from: >21,000 ( >2,1 x 10(4))
to: -~

Source: ORNL/Sub/84~64794/1 (1985),
p. 348

Shale
Bulk modulus (psi)
ranges from: 7.6 x 10(5)
Ma)
to: ~
Source: Y/OWl/TM36/6 (1978), p. 7-8

(5.2 x 10(3)

Shals
Bufk modutus {(pst)

ranges from: 77.8 x 10(3) (5.4 x 10(2)

a)
to: -
Source: Y/O#l/TM36/6 (1978}, p, 3-24
Shale
Ohlo
Bulk modulus (psl)
ranges from; 6,3 x 10(5) (4.3 x 10(3
MPa)
to: -
Source: Y/CW! /TM36/6 (1978), p. 5-14
Shale
Chio
Buik modulus (psi)
ranges from: 1,1 x 10(5) (7.6 x 10{2}
MPa)
to: -
Sourcs: Y/OW1 /TM36/6 (1978), p, 4-12
Shale
Ohio

Coheslon (psl)
ranges from: 5,900
tor -
Source: Y/O! /TM36/6 (1278), p, 5-14

4.1 x 10Q1) WPa)

Shale
Ohio
Cohaslion (psi)
ranges from: 14 (1 x 10(-1) MPa)}
to: -

Source: Y/OW!/TM36/6 (1978), p, 4-12

Shale
Indiana
Compressive strength (MPa)
ranges from: 11
to: 115
Source: ORNL/Sub/84-64794/71 (1985),
pe 60
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Shale
Compressive strength (psl)
ranges from: 8,5 x 10(3)
MPa)
to: -~
Source: Y/OM!/TM36/6 (1978), p. 6-3

(5.9 x 10(1)

Shale
New Mexico
Comprassive strength (psl)
ranges from: 1,000 (6,9 Wa)
to: 6,000 (4,1 x 10(1) MPa)
Source: Y/OWl /TM36/6 (1978), p, 8-5

Shale
New Maxlco
Compressive strength (psi)
ranges from: 1,000 (6,9 MPa)
to: 8,000 (5.5 x 10(1) WPa)
Source: Y/OW1/TM36/6 (1978), p, 8-2

Shale
Dhio

Compresslve strength (unlaxial) (MPa)
ranges from: 13,8

to: -
Source: ORNL/Sub/84~64794/1 (1985),
p. 108
Shale
Ohlo

Compresslive strength (unlaxial) (psi)
ranges from: 1 x 10(4) (6,9 x 10(1)
MPa)
to: -
Source: Y/OWl/TM36/6 (1978), p, 5-14

Shale
Ohlo
Compressive strength (uniaxlal) {(psi)
ranges from: 2 x 10(3) (1.4 x 10(H
MPa)
to: -
Source: Y/Owl/TM36/6 (1978), p, 4~12

Shale
Ohlo

Friction angle (deg)
ranges from: 23,4

to: -
Source: Y/OW!/TM356/6 (1978), p, 5-14

Shale
Ohlo
Frictlon angle (deg)
ranges from: 22
to: -
Source: Y/OWI/TM36/6 (1978), p, 4-12

Shatle
Montana
Plasticlity (1iquidity Index)
ranges from: -0,11
to: -
Source: Y/OWMI /TM36/6 (1978), p, 6-1

Shale
Great Plalns
Plasticlty (plasticlity Index) (%)
ranges from: 30
to: 110
Source: ORNL/Sub/84-64794/1 (1985),
p. 293

Shale
Polsson's ratio
ranges from: 0,2
to: -
Source: Y/OW!|/TM36/6 (1978), p, 3-24

Shale
Ohlo
Polsson's ratio
ranges from: 0,1
to: -~
Source: Y/OW1/TM36/6 (1978), p, 5-14

Shale
Ohio
Polsson's ratlo
ranges from: 0,25
to: - ‘
Source: Y/OWi/TM36/6 (1978), p, 4-12

Shale
Ratlo of strength to overburden stress
ranges from: 1,3
to: 6,0
Source: ORNL-6241/V1 (in preparation)
p. 53

Shale
Shear modulus (psl)
ranges from: 6,2 x 10(5;
Ma)
to: -
Source: Y/OW1/TM36/6 (1978), p, 7-8

(4.3 x 10(3)

Shale
Shear modulus (psi)

ranges from: 58,3 x 10(3) (4 x 10¢(2)
MPa)
to: -
Source: Y/OW|/TM36/6 (1978), p, 3-24
Shale
Chio

Shear modulus (psl)
ranges from: 6,8 x 10(5) (4.7 x 10{3)
MPa)
to: -
Source: Y/OM|/TM36/6 (1978), p. 5-14

Shate
Ohio
Shear modulus {(psl)
ranges from: 6,8 x 10{(4) (4,7 x 10{2)
MPa)
to: ~
Source: Y/OR!/TM36/6 (1978), p, 4-12
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Shale
Canada
Swalllng (potentlal) (%)
ranges from: 2
to: 20
Source: ORNL/Sub/84-64794/1 (1985),
pP. 293

Shale
Great Plalns
Swelllng (potentlal) (%}
ranges from: 3
to: 5
Source: ORNL/Sub/84--64794/1 (1985),
p. 293

Shale
Swelting pressure (MPa)
ranges from: 10

to: 0.5
Source: KBS TEKNISK RAPPORT 74 (1978),
Po 7
Shale
Ohlo

Tens!le strength (pst)
ranges from: 200 (1.4 Wa)
to: -
Source: Y/OW1/TM36/6 (1978), p, 5-14

Shale

Young's modulus {elastic modulus) (ps! x 10(6))

ranges from: 1,48 (1 x 10(4) MPa)
to: -

Source: Y/OW1/TM36/6 (1978), p, 6-~3

Shala
Great Flalns
Young's modulus (slastic modulus) (ps! x
10(6))
ranges from: 0,02 (1.4 x 10(2) MPa)
tos 0,014 (9.6 x 10(1) MPa)
Sourca: ORNL/Sub/84-54794/1 (1985),
ps 293

Shale
Young's modulus {ps!}
ranges from: 1,4 x 10(5)
MPa)
to: -
Source: Y/0Mi/TM36/6 (1978}, p., 3-24

(9.7 x 10(2)

Shale
Ohlo
Young's modulus {(ps!)

ranges from: 1,5 x 10(6) (1 x 10(4)
Ma)
to: -
Source: Y/Qui/TM36/6 (1978), p. 5-14
Shale
Ohlo

Young's modulus (psl!)
ranges from: 1.7 x 10(5)
MPa)

(1.2 x 10(3)

to:
Source: Y/CW!/TM36/6 (19733, p. 4~12

Shale (a)
Cohaston (psl)

ranges frem: 0 (0 MPa)
to: 4,250 (3 x 10(1) MPa)
Source: Y/OWi/TM36/6 (1978), p, 2-2
Shale (a)
Montana

Compresslve strength (kg/em(2))
ranges from: 122 (1,2 x 10(1) MPa)

to: 25 (2,5 MPa)
Source: Y/CWi/TM36/6 (1978), p., 6-13

Shale (a)
Compresstve streagth {(unlaxtal) (psl)
ranges from: 70 (4.8 x 10(-1) MPa}
to: 3,7 x 10(4) (2,5 x 10(2)
Mg}
Source: Y/Oul /TM36/6 (1978), p, 2-2

Shale (a)
Compresslive strength {unlaxtal) (ps!)
ranges from: 2,1 x 10(3) (1,4 x 10(1)
MPa)
tor -
Source: Y/OW1/TM36/6 (1978), p. 3-24

Shale (a)
Friction angle (deg)
ranges from: 4,2
to: 56
Source: Y/OW!/TM36/6 (1978), p, 2-2

Shale (a)
Frictlon angle (deg)
ranges from: 5.3
fo: -
Source: Y/OW!/TM36/6 (1978), p, 3-24

Shale (a)
Great Pialns
Plasticlty (llguld Ilmlt) ($)
rangss from: 36
fo: 113
Source: ORNL/Sub/84~64794/1 (1985),
pe 291

Shale (a)
Great Plalns
Plastliclty (plastlc mit) (£)
ranges from: 20
to: 62
Source: ORNL/Sub/84-54794/1 (1985),
pe. 291

Shale (a)
Polsson's ratio
ranges from: 0,03
to: 0,50
Source: Y/CH!/TM36/6 (1978), p. 2-2

Shats (a)
Tens!le strength (ps!)
ranges from: O (0 MPa) (T)
to: 1,540 (11 x 10(1) ¥Pa)

Source: Y/OW!/TM36/6 (1978), p, 2-2
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Shale (a)
Young's modulus (MPa)
ranges from: 10
to: 32
Source: ORML-6241/VY (In preparation)
p. 47

Shale (b)
CohesTon (ps!)
ranges from: 6 x 10(3)
MPa)
to: -
Source: Y/OWI/TM36/6 (1978}, p, 7-8

(4.1 x 10{N)

Shale (b)
Montana
Comprasslve strength (kg/cm(2))
ranges from: 25 (2,5 Wa)
to: 55 (5.4 Wa)
Source: Y/CWl/TM36/6 (1978), p, 6-~13

Shale (b)
Great FPlalns
Compressive strength (ps!)
ranges from: 70 (4,8 x 10(~1) MPa)
to: 2,530 (1,7 x 10(1) MPa)
Source: ORNL/Sub/84~64794/1 (1983),
p. 293

Shats (b)
Compresslve strength (unfaxtal) (psl)
ranges from: 1 x 10(4) 6,9 x 10(1)
MPa)

o:
Source: Y/ /TM36/6 (1978), p. 7~8

Shale (b)
Frictlon angle (deg}
ranges from: 26
to: -
Source: Y/OW!/TM36/6 (1978), p. 7-8

Shale (b)
Great Plalins
Friction angle (Internal) (deg)
ranges from: 8
to: 25
Source: ORNL/Sub/84~64794/1 (1985),
. 293

Shale (b)
Great Fialns
Plasticlty (Ilquld Itmtt) (%)
ranges from: 55
to: 202
Source: ORML/Sub/84-64794/1 (1983),
P. 293

Shale (b}
Great Plalnes
Plastliclty (plastlc Itmlt (%)
renges from: 22
to: 39
Source: ORNL/5ub/84-64794/1 (1985),
Pe 293

Shale (b)
Polsson's ratlo
ranges from: 0,15
tor -
Source: Y/OWl/TM36/6 (1978), p, 7-8

Shaie (b)
Tenslle strength (ps!)
ranges from: 200
to: -~
Source: Y/(M|/TM36/6 (1978), p. 7-8

(1.4 Wwa)

Shate (b)
Young's modulus (MPa)
ranges from: 10
to: 32
Source: ORNL-6241/V1 (!n preparatlon)
pe 47

Shale (c)
Coheston (ps!)
ranges from: 206
to: -
Source: Y/OW!/TM36/6 (1978}, p, 3-24

Shale (c)
Frictlon angle (dllatlon angle) (deg)
ranges from: +5
to: -5
Source: Y/OWI/TM36/6 (1978), p, 2-2

(1,4 MPa)

Shale (c)
Ohico
Tenslie strength (MPa)
ranges from: 0,34
to: -
Source: ORNL/Sub/84-64794/1 (1985),
p. 108

Shale (c¢)
Young's modulus (ps!)
ranges from: 2 x 10(3)
MPa)
to; 6.4 x 10(5)
MPa)
Scurce: Y/OWi/TM36/6 (1978), p, 2-2

(1,4 x 10(1)
(4.4 x 10(4)

Shale (d)
Great Plalns
Cohesfon (ps!)
ranges from: 2 (1,4 x 10(-~2) MPa)
to: 30 (2,1 x 10¢(~1) MPa)
Source: ORNL/Sub/84-64794/1 (1985},
Pe 293

Shale (d)
frictlon angle (Internal) (deg)
ranges from: 14,2

to: 51,0
Sources ORNL-6241/V1 (In preparatlon)
p. 47
Shale (d)
Chio

Tenstle strength (ps!)
ranges from: 50
to: -

Source: Y/OMi/TM36/6 (1978), p, 4-12

(3.4 x 10(-1) MWPa)
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Shale (d)

Young's modulus (psi)
ranges from: 1,6 x 10(6)
MPa)

(1.1 x 10(4)

to: -
Source: Y/OW!/TM36/6 (1978), p, 7-8

Shale (e)
Tensiie strength (psi)
ranges from: 50
to: ~
Source: Y/0Ml /TM36/6 (1978), p. 3-24

(3.4 x 10(-1) MP3)

Shales
Bulk modulus (Pa x 10(10))
ranges from: ca, 50 (ca, 5 x 10(5)
MPa)
to: ca, 200 (ca., 2 x 10(6)
MPa)
Source: ORNL-6241/V2 (in preparation)
p. 199
Shales
¥estern Ohio
Compressive strength (MPa)
ranges from: 20
to: 32
Source: ORNL/Sub/84-64794/71 (1985},
pe. 71
Shales
Various

Tensite strength (psl)
ranges from: <100 ( <6.9 x 10(~1) MPa)
to: 1,538 (1,1 x 10(1) Ma)
Source: Y/OM|/TM36/6 (1978), p, A-T

Shales (a)
Comprassiva strength (unconfined) (MPa)
ranges from: 25,2
to: 113,6
Source: ORNL-6Z41/V3 (in preparation)
p. 110

Shafles (a)
Polsson's ratio
ranges from: 0,11
to: 0,31
Source: ORNL-6241/V3 (in preparation)
p. 110

Shates (a)
Shear modulus (Fa x 10(10))
ranges from: 0,1 (1 x 10(3) MPa)
to: 100 (1 x 10(6) Wa)
Source: ORNL~6241/V2 (in preparation)
p. 199

Shales (a)
Young's modulus (GPa)
ranges frem: 9.9 (9.9 x 10(3) MPa)
tor 31,7 (3,17 x 10(4) Ma)
Source: ORNL-6241/V3 (in preparation)
p. 110

Shales (b)
Yarious
Compressive strength (unconflned) (psli)
ranges from: <100 ( <6,9 x 10(-1) Ma}
to: 3.7 x 10(4) (2,5 x 10(2)
Ma)

Source: Y/Odl/T¥36/6 (1978), p. A-4,5,6
Shalas (b)
Varlous
Poisson's ratio
ranges from: 0,03
+o: 0,77
Source: Y/CHl/TM36/6 (1978), p, A-11
Shales (b)
Various
Shear modulus (psi)
ranges from: 1,7 x 10(6) (1.2 x 10(4)
MPa)
to: 3,6 x 10(6) (2,5 x 10¢(4)
MPa)

Source: Y/OWI/TM36/6 (1978), p., A-10
Shales (b)
Young's modulus (Pa x 10(10))

ranges from: | (1 x 10(4) MPa)

to: 500 (5 x 10(6) MPa)
Source: ORNL-624Y/V2 (in preparation)
p. 199
Shales (c)
Yarious
Young's modulus (psi)
ranges from: 0.,0020 x 10(6) (1.4 x
10(1) MPa)
to: 15.0 x 10(6) (1 x 10(5)
MPa)

Source: Y/OW!i/TM36/6 (1978), p. A-8,9

Shales, Mudstonss, Siltstones
Varlous
Plasticity (liquid limit) (%)
ranges from: 17,8
to: 224
Source: Y/O1/TH36/76 (1978), p. 6-20 to
626

Shales, Mudstonss, Siltstones
Various
Piastictty (plastic timit) (%)
rangas from: 16,0
to: 45,5
Source: Y/OWi /TM36/6 (1978), p. 6-20 to
626

Shales, Mudstones, Slltstones
Various
Plasticity (plasticity index) (f)
ranges from: 1,8
tor 192
Source: Y/O&i/TH36/6 (1978), p. 6-20 to
6~26

Smectite (Ca)
Belle Fourche, SD
Plasticity (tiguid timit) (%)
ranges from: 177
to: -
Source: OMK{-486 (1983}, p, 43



Smectite (Ca)
Cheto, AZ
Plasticity (liquid Himit) (%)
ranges from: 155
to: -
Source: ONW!-486 (1983), p, 43

Smaectite (Ca)
Omsted, IL
Plasticity (tiquid 1imit) ()
ranges from: 123
to: ~
Source: ONWl1-486 (1983), p, 43

Smactite (Ca)
Pontotoc, MS
Plasticlty (liquid timit) (%)
ranges from: 166
to: -
Source: ONWI-486 (1983), p, 43

Smactlite (Ca)
Belle fourche, SO
Plasticity (plastic limit) (%)
ranges from: 63
to: -
Source: ONW!-486 (1983), p, 43

Smectlite (Ca)
Cheto, AZ
Plasticity (plastic limit) (%)
ranges from: 65
to: ~
Source: ONW!-486 (1983), p, 43

Smectite (Ca}
Omsted, IL
Plasticity (plastic limit) (%)
ranges from: 79
to: -
Source: ONW1-486 (1983), p, 43

Smactite (Ca)
Pontotoc, MS
Plasticity (plastic limit) (%)
ranges from: 65
to: -
Source: ONW|~486 (1983), p, 43

Smectite (Na)
Plasticlity (plasticity index) (%)
ranges from: 0
to: 500
Source: ONW!-~486 (1983), p, 45

Smactite (Na) (a)
Friction angle (residual) (tan)
ranges from: 0,09
to: 0,7
Source: ONW1-486 (1983), p, 47

Smectite (Na) (b)
Friction angle (reslidual) (tan)
ranges from: 0,18
to: 0,7
Source: ONwWl-486 (1983), p, 47
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Smectite (Na), Kaolinlte, Sand Mixtures (a)
Osage, NY
Compressive strength (psi)
ranges from: 76,5 (5.3 x 10(~1) MPa)
to: 541,0 (3,7 Wa)
Source: ONWI-312 (1981), p, 24

Smectite (Na), Kaollnlte, Sand Mixtures (b)
Osage, NY
Compresslive strength (psl)
ranges from: 9,1 (6,3 x 10(-2) MPa)
to: 85,5 (5,9 x 10(~1) MPa)
Source: ONWI~-312 (1981), p, 24






Arglilite
Coefficient of linear expansion (deg C(~1))
(Ki{~1))
ranges from: 8 x 10(-6)
to:r 15 x 10(-6)
Source: Proc NEA Workshop OECD (1979b),
p. 77

Arglllite (a)
Thermal conductivity (matrix} (W/m-deg C)
(5 /m—C)
ranges from: ca.
to: -~
Source: Proc NEA Workshop OECD (1979b),
p. 87

1.8C

Argllitlite (b
Therma! conductivity (matrix) (W/m-deg C)
(W/mK}
rangas from: ca,
to: -~
Source: Prog NEA Workshop OECD (1979h),
p. 87

1,42

Argillite ()
Nevads
Thermal conductivity (W/m-K)
ranges from: 1,28
to: 2.7
Source: ORNL~6241/Y3 (in preparation)
p. 341, 342

Bentonlite (a)
Heat conductivity (W/m-deg C)
conductivity) (W/m-K)
ranges from: 0,3
to: 2.0
Source: KBS TEKNISK RAFPORT 9 (1977),
p. 8

(therma!

Bantonite (b)
Therma! conductivity (W/m-deg C)
rangses from: ca, 0,75

(W/mK)

to: -
Source: Proc NEA wWorkshop OECD (1278bh),
p, 148

Bentonlite (c)

Therma! conductivity (W/m~deg C)  (W/mK)
ranges from: 0,7
to: 3.0
Source: Proc NEA Workshop OECD (1981),
p. 342
Bentonlte (Ca)
Thermal conductlivity (W/m-dag C) {W/m-K)

ranges from: 0,71
to: 1,10
Source: PNL-4452 UC-70 (1983), p, 20

Bantonlite (d)

Therma! conductlivity (W/m~deg C) {W./m-K)
ranges from: 0,5
to: 1,0
Source: Proc NEA Workshop QECD (1981),
p. 342

Bentonite (s)

Thermal conductivity (W/m-deg )  {(W/m-K)
ranges from: 0,9
tor 1.3
Source: ONW1-486 (1983), p, 63
Bentonite (f)
Tharmal conductivity (W/m-deg C) (W /m4C)

ranges from: 1
to: 3.5
Source: ONdl-486 (1%83), p, 63

Bentonite (g)
Wyomlng
Therma! conductivity (W/m~deg C)
ranges from: ca, 0,0
to: ca, 1,2
Source: Proc NEA Workshop OFCD (1981},
p. 334

(W /m~K )

Bentonite (h)
Wyomlng

Therma | conductivity (W/m-deg C) W /mK}
ranges from: 0,78
to: ~
Source: OMW1-486 (1983), p. 61
Bentonlte {Na)
Thermal conductivity (W/m-deg C) (W/m~)

ranges from: 0,52
to: 0,96
Source: PNL~4452 W-70 (1983), p, 20

Bentonlite (Na)
Therma! diffusivity {(cm(2)/s x 10(3))
ranges from: 3,03 (3,03 x 10(~7)
m(2)/s)
to: 3,47
m(2)/s)
Source: PNL~4452 UC-70 (1983), p, 18, 19

(3,47 x 10(-7;

Bentonlite and Crushed Granite (a)
Wyomlng

Thermal conductivity (W/m~deg C) (4 /m—K)
ranges from: 2,7
to: 0,8
Source: Proc NEA Workshop OECD (1981),
p. 334
Bantonite and Crushed Granite (b)
Wyomlng
Thermal conductivity (W/m-deqg C) (W/m~K)

ranges from: ca, 0,6
to: ca, 1,5

Source: Proc NEA Workshop OECD {1981),
Pe 334

Bentonite and Salt (a)
Thermal conductivity (W/m-K)
ranges from: 1,12
to: 0,99
Source: ONW!-486 (1983), p, 53

Bentonlte and Salt (b)
Thermal conductivity &/m¥)
ranges from: 1,01
to: 1,12
Source: ONW!~-486 (1983), p. 53
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Bantonite and Sand (a)
Thermal conductivity (W/m—deg C)
ranges from: 0,5
tos 2,0
Source: ONwW!~486 (1983), p, 63

(W/m~K)

Bentonite and Sand (b)
Therma!l conductivity W/mK)
rangass from: 0,58-0,80
to: 1,06-1,17
Source: ONW!-486 (1983), p, 53

Clay

Belglum
Speacific heat (J/Kg)} (speclific heat
capacity)

ranges from: 2,21 x 10(2)

to: -
Source: Rad ¥Waste Management and Nuclear
Fuel Cycle v, 6 (1385), p, 54

Clay

ttaly
Speclflic heat (J/Kg=K) (specific heat
capacity}

ranges from: 9,21 x 10(2)

to: -
Source: Rad Waste Management and Nuclear
Fue! Cycle v, 6 (1985, p, 54

Clay
S. Paolo mine

Thermal conductivity (¥/m-deg C) (W Sm-K)
ranges from: 0,014 (1.4 ¥/m¥K)
to: 0,016 (1.6 W/ mK)

Source: ORNL~+r-5110 (1981), p. 12

Clay
England
Therma! conductivity (W/m-K)
ranges from: 1,56
to: -
Source: Rad Waste Management and Nuciear
Fue! Cycle v, 6 (1985}, p, 54

Clay
Italy
Therma! conductivity (¥/m~K)
ranges from: 1,5
to: -
Source: Rad Waste Management and Muclear
Fue! Cycls v, 6 (1985), p. 54

Clay
S. Paclo mine
Therma! diffusivity (cm(Z)/n)
ranges from: 20 (5,56 x 10(-7) =m(2)/5)
tor ~
Source: ORML-tr-5110 (1981), p, 12

Ciay
Belglum
Therma! diffusivity (m{2)/s)
ranges from: 8,1 x 10(~7)
tor -
Source: Rad Waste Management and Nuclear
Fue! Cycle v. 5 (1985}, p, 54

Ciay
Italy
Therma! diffusivity m{2)/s)
ranges from: 7,8 x 10(-7)
to: -
Source: Rad YWaste Management and Nuclear
Fue! Cycle v, 6 (1985), p, 54

Ciay (a)

Belgium
Therms! conductivity (matrix) (W/m-deg C)
(W /m~)

ranges from: ca, 0,3

to: -
Souirce: Proc NEA YWorkshop OECD (1979b),
p, 87
Ciay (b)
Bolglum

Thermal conductivity W/m-K)
rangss from: 1,5
to: -
Source: Rad Waste Management and Nuclear
fuel Cvcle v, 6 (1985), p, 54

Clayey Sandstones
Hoat conductivity (millical/cm-s-deg C)
(therma! conductivity)
ranges from: 2,5
to: ~
Source: Y/OW!I/SUB~-7009/1 (1976), p, 23

(1,05 W/m=K)

Hectorite
Therma{ conductivity (W/m-deg C)
ranges from: 0,5
to: 2 to 3
Source: ONWI-312 (1981, p, 18

(W /m-K)

Hlite (a)
Therma! conductivlity ({/m~deg C)
ranges from: ca, 0,6
to: ca. 1.6
Source: Proc NEA ¥Werkshop OECD (1981),
p. 336

W /m=K)

liltite (b)
Thermal conductivity (¥W/m-dag C)
ranges from: 1,4
to: 4,0
Souirce: Proc NEA Workshop OECD (1981),
pP. 342

(W /m~K)

11te {c)
Therma!l conductivity (W/m-deg C)
ranges from: 0,8
to: 1,8
Source: Proc NEA Workshop QECD (1981),
p. 342

(W /m~¥K)

I11ite and Crushad Granlte
Therma! conductivity (W/wm-deg C)
ranges from: ca, 0.9
to: ca, 1,9
Source: Proc MEA Workshop OECD (1981),
p. 336

(W /m~K)
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Kaolinlte (a)
Thermal conductivity (W/m~dag C)
ranges from: 1,7
to: 3.5
Source: Proc NEA Workshop OECD (1981},
p. 342

(W/m-K}

Kaollinite (b)
Thermal conductivity (W/m—deg )
ranges from: 0,9
to: 2,0
Source: Proc NEA Workshop OECD (1981),
p. 342

(W/m~<)

Kaolinite and Crushed Granltse
Thermal conductivity (W/m-deg C)
ranges from: 3,4
to: 2,3
Source: Proc NEA Workshop OECD (1981},
p. 334

(W /m~K)

Shale
Heat capacity (BTU/lb-deg F)
rangss from: 0,20 (8,4 x 10(2)
JKg-K)
to: -~
Source: Y/OWl/TM36/6 (1978), p, 7-8

Shale
Thermal conductivity (W/m—K)
ranges from: 1,42
to: 1,94
Source: ORNL-6241/V3 (In preparation)
p. 341

Shale
Kansas
Thermal conductivity W/m-K)
ranges from: 0,7
to: 4,3
Source: ORNL-6241/V3 (1n preparation)
p. 343

Shale
Michlgan
Thermal conductivity (W/m-K)
ranges from: 2,64
to: -
Source: ORNL-6241/V3 (in preparation)
p. 341

Shale
Orange Free State
Thermal conductivity (W/m~K)
ranges from: 1,97
to: 2.89
Source: ORNL-6241/V3 (in preparation)
Pe 341

Shale
South Africa

Thermal conductivity /m-K)
ranges from: 2,76

to: -
Source: ORNL-~6241/V3 (in preparation)
pe 343

Shale (a)
Coeftficient of linear thermal expansion (deg
F{~1))
ranges from: 4 x 10(~6)
K(~1})
to: -
Source: Y/OWI/TM36/6 (1978), p, 2-2

(2,2 x 10(-6)

Shale (a)
Heat capacity (J/Kg—X)
ranges from: 5,5 x 10{2)
to: 1,042 x 10(3)
Source: ORNL-6241/Y1 (in preparation)
ps 40

Shale (a)
England
Thermal conductivity (millical/cm-s-deg C)
ranges from: 2,2 (9,2 x 10(~1) W/m~K)
to: 5.3 (2,22 W/mK)
Source: Y/OWi/SUB-7009/1 (1976}, p, 26

Shale (b)
Coefficient of linear thermal expansion
(horlzontal) (deg F(~1})
ranges from: 4,5 x 10{~6)
10(~6) K(~1))
to: -
Source: Y/OWi/TM36/6 (1978), p, 7-8

2,5 x

Shale (b)
Heat capacity (J/Kg-K)
ranges from: 7.12 x 10(2)
to: 1,170 x 10(3)
Source: ORNL-6241/¥3 (in preparation)
P. 345

Shate (b)
Therma! conductivity (horlzontal)
(BTU/hr-ft-deg F)
ranges from: 1,1
to: -
Source: Y/OM1/TM36/6 (1978), p, 7-8

(1.9 W/m-K)

Shale (c)
Coeffliciant of linear therma! expansion
(vertical) (deg F(-1))
ranges from: 9 x 10(~6)
K(-13})
to: -
Source: Y/OWI/TM36/6 (1978), p, 7-8

(5 x 10(~-6)

Shale (c)
Specific heat (J/Kg-deg C)
capaclity) {J/Kg-K)
ranges from: 7,96 x 10{(2)
tos -
Source: ORNL-6241/V2 (in preparation)
pPe 57

(speciflc heat

Shale (c}
Therma! conductlivity (horizontal) (./s m-deg
c) (W/m-K)
ranges from: 1,89
to: -
Source: ORNg;6241/V2 {In preparation)
Po
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Shale (d)
Thermai conductlvlty (horlzontal) (W/m—K)
ranges from: 1,52
to: 2,26
Source: ORNL=-6241/V1 (In preparatlon)
p. 40

Shale (e)
Thermal conductlivity (vertlcal)
(BTU/hr-ft-deg F)
ranges from: 0,8
to: -
Source: Y/OWl/TM36/6 (1978), p, 7-8

(1.4 W/m-K)

Shale (f)
Therma! conductlvlty (vertical) (W/m~K)
ranges from: 1,21
to: 1,57
Source: ORNL-6241/V1 (In preparation)
p. 40

Shale (g)
Therma! conductlvity ratio (vertlical/
horlzontal)
ranges from: 0,76
to: -~
Source: ORNL-6241/V2 (In preparatlon)
p. 99

Shale (h)
England

Thermal conductlivlity (mlllilcal/cm-s-deg C)
ranges from: 3,0 (1,26 W/m-K)

to: 4,3 (1,80 W/mK)
Source: Y/OW1/SUB-7009/1 (1976), p, 26
Shate (1)
England

Therma! conductlivity (W/m-K)
ranges from: 1,26
to: 1,80
Source: ORNL-6241/V3 (!n preparation)
p. 341

Shale ()
Massachusetts
Therma! conductivity (W/m~}
rangss from: 1,62
to: ~
Source: ORNL-6241/V3 (In preparation)
p. 341

Shale (k)
Sunderland, MA
Thermal conductivity (mliilcai/cm-s-deg C}
rangss from: 3,87 (1,62 W/mK)
tos 4,25 (1,78 W/m~K)
Source: Y/OWI/SUB-7009/% (1976), p, 28

Shale (1)
Therma! conductivlty (matrlix) (W/m—deg C)
(W /m-K)
ranges from: 0,7 to 2.1
to: -
Source: Proc NEA Workshop OECD (1979b),
p. 87

Shale (m)
Thermal conductlivlty (W/m-X)
ranges from: 0,715
to: 2,20
Source: ORNL-6241/V3 (In preparat!ion)
p. 340

Shale (n)
Therma!l conductivity (W/m~K)
ranges from: 1,38
to: 1,9
Source: CRNL~-6241/V3 (In preparatton)
p. 341

Shales
Thermal conductlvity {(vertlcal) (W/m-K)
ranges from: 1,21
to: 1,57
Source: ORNL~6241/V3 (In preparat!ion)
p. 115

Shales
Thermal conductivity (W/m-K)
ranges from: 1,47
to: 2,00
Source: ORNL~-6241/¥3 (In preparation)
pe 340

Shales
Callfornla
Thermal conductivity (W/m-K)
ranges from: 0,99 +/~ 0,3
to: 1,63 +/- 0,3
Source: ORNL-6241/V3 (In preparattion)
p. 341

Shales (a)
Coefflclent of Ilnear therma! expanslon
(K(~1))
ranges from: 2.5 x 10(-6)
to: 15,8 x 10(~6)
Source: CRNL-6241/V3 (In preparation)
p. 345

Shales (a)
Heat capaclty (BTU/Ib-deg F)
ranges from: 0,16
to: 0,20
Source: Y/OWl/TM36/6 (1978), p, A-19

Shales (a)
Thermal conductlivlty (horlzontal) (W/m-K)
rangaes from: ca, 1.60
to: ca., 2,20
Source: ORNL-6241/V3 (tn preparation’
p. 117

Shalas (b)
Coefflclent of therma! expanston (K(-1))
ranges from: 2,9 x 10(-6)
to: 12,92 x 10(-6)
Source: ORNL-6241/V1 (In preparation)

p. 47
Shales (b)
Spec!flc heat (J/Kg-K> (specltlic heat
capacity’

ranges from: 5,50 x 10(2)
to: 1,042 x 10(3)

Source: ORNL~6241/V3 (In preparatlion?
p. 115

(6.7 x 10(2) J/KgK)}
(8.4 x 10(2) J/Kg-K}
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Shales (b)
Various
Therma! conductivity BTU/ft-hr-deg F)
ranges from: 0,34 (5.9 x 10{(~1) W/m—K)
to: 1.77 (3.1 W/mK)
Source: Y/OWI|/TM36/6 (1978), p. A-18

Silt/Clay Soll (a)

Therma! conductivity (W/m-deg C) (W/m—K)
ranges from: 0,8
to: 2,0
Source: ONWI-486 (1983), p, 54
Siit/Clay Soll (b)
Therma!l conductivity (W/m~deg C) (W/m)
ranges from: 0,4
to: 0,85
Source: ONWi-486 (1983), p, 54
S5iit/Clay Solt (c)
Therma{ conductivity (W/m-deg C) (W/m-K)
ranges from: 0,5
to: 1,1
Source: ONWI-486 (1983), p, 54
Siit/Clay Soll (d)
Thermal conductivity (W/m-deg C)  (W/m—K)
ranges from: 0,6
to: 1.3
Source: ONWI-486 (1983), p, 54
511t/Clay Soll (e)
Thermat conductivity (W/m-deg C) (W/m—X)
ranges from: 0,7
to: 1,5
Source: ONWI-486 (1983), p, 54
SiIt/Clay Soll (f)
Thermal conductlvity (W/m-deg C) (W/m=X)

ranges from: 0,75

to: 1,75
Source: ONW!-486 (1983), p, 54
Solls
Bristol, VA

Thermal conductivity (Btu per
F per f1t) (7}
ranges from: 0,14
to: 0,60
Source: Y/OW1/SUB-7009/1

hr-sq ft) (deg

(1976), p. 20

Soils
Columbus, MS
Therma! conductivity (Btu per
F per 1) (1)
ranges from: 0,28
to: 2,28
Source: Y/OWl/SUB~7009/1 (1976), p, 20

hr-sq f+) (deg

Solls

Thermal conductivity (k x 10{(4)) (7)
ranges from: 3

to: 5

Y/O0W1 /SUB~7009/}

Source: (1976), p. 19

Solls
Thermal conductivity (k x 10(4)) ()
ranges from: 3-4
to: 8-12
Source:s Y/OWl/SUB-T7009/1 (1976), p, 19

Solls
Bristol, VA
Thermat diffusivity (f1(2) per hr)
ranges from: 0,0090 (2.3 x 10(~7)
m(2)/s)
to: 0,016
m(2)/s)
Source: Y/OW!/SUB-7009/1 (1976), p. 21

(4,13 x 10(-7)

Solls
Columbus, MS
Thermal diftusivity (ft(2) per hr)
ranges from: 0,016 (4,13 x 10(-7)
m{2)/s)
to: 0,046
m(2)/s)
Source: Y/OWl/SUB~7009/1

(1,19 x 10(-7)
(1976), p, 21

Solis (a)
Cleveland, TN
Thermal conductivity (Btu per hr-sq ft) (deg
F per ft) ()
ranges from: 0,15
to: 0,94
Source: Y/OWl/SUB~7009/1 (1976), p, 20
Solls (a)
Cleveland, TN
Thermal diffusivity (ft(2) per hr)
ranges from: 0,0115 (2,97 x 10(-7)
m(2)/s)
to: 0,022
m{2)/s)
Source: Y/OWI/SUB~-7009/1 (1976), p. 21

(5,68 x 10(-7)

Solls (b)
Murfreesboro, TN
Therma | conductivity (Btu per hr-sq ft) (deg
F per ft) (7)
ranges from: 0,21
to: 0,84
Source: Y/OWi/SUB-7009/1 (1976), p. 20

Sofls (b)
Murfreesboro, TN
Therma | diffusivity (ft(2) per hr)
ranges from: 0.0145 (3,74 x 10(-7)
m(2)/s)
to: 0,0235
m(2)/s)
Source: Y/OMI/SUB~7009/1 (1976), p, 21

6,06 x 10(~-7)
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13.4 Appendix D. FORMATION NAMES
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Boom Clay
Belglum
lon exchange capaclty (meq/100 q)
ranges from: ca, 20
to: -
Source: Proc NEA Workshop OECD (1979%a),
p. 88

Boom Clay
Belglium
Sorption coefflclent (Kd) (ml/g?)
ranges from: 0,87
to: 6,12
Source: Proc NEA Workshop OECD (1979a),
p. 97

Conasauga Shale
Sorption coeffliclient (Kd) (ml/g)
ranges from: 57
to: 100
Source: ONWI-486 (1983), p, 73

Conasauga Shate
Sorption coefflcient (Kd) (ml/g)
ranges from: 41
to: 1340
Source: ONWI-486 (1983), p, 73

Dewey Lake Redbeds
Sorption coefficient (Kd) (ml/g)
ranges from: 200
to: 1.4 x 10(4)
Source: ONWl-486 (1983), p, 73

Eleana Argiliite
Sorption coefflicient (Kd) (mi/g)
ranges from: 0
to: 1 x 10(5)
Source: ONW!-486 (1983), p, 73






Antrim Shale
Michigan
Denslity (bulk) (g/cm(3))
ranges from: 2,2
to:r 2.8
Source: ORNL/Sub/84-647394/1
p. 96

(1985),

Antrim Shale
Michigan
Porosity (%)
ranges from: 3
to: 10
Source: ORNL~5703 (1983), p, 106

Antrim Shale
Michigan
Porosity (%)
ranges from: 3
to: 10
Source: ORNL/Sub/84-64794/1 (1985},
p. B

Antrim Shale
Michigan
Specific surface (m(2)/g)
ranges from: 0,05
to: 1,2
Source: ORNL-5703 (1983), p, 109
Arnhelm and Waynesville Fms
Chlo
Moisture content (natural) (%)
ranges from: 2
to: -
Source: Y/OW|/TM36/6, p, 5-14

Arnheim and Waynesvllle Fms
Ohio
Porosity (effective) (%)
ranges from: 4
to: -
Source: Y/OWi/TM36/6, p, 5~14

Bearpaw Shale
Montana
Density (dry) (average) (lbs/ft(3))
ranges from: 118 (1,890 g/cm(3))
to: -
Source: Y/OWl/TM36/6, p, 6-1

Bearpaw Shale
Montana
Density (wet) (average) (pounds/ft+(3))
ranges from: 135 (2,162 g/cm(3))
to: ~
Source: Y/OW|/TM36/6, p, 6-1

Bearpaw Shale
Montana
Water content (average) (%)
ranges from: 15
to: -~
Source: Y/OW!/TM36/6, p, 6-!
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Blue Clay
Italy
Density (builk}) (kg/m(3))
ranges from: 2100
to: -
Source: Rad Waste Management and Nuclear
Fuel Cycle, v, 6 (1985), p, 54

(2,100 g/em(3))

Blue Ctlay
Italy
Porosity (%)
ranges from: 25
to: -
Source: Rad Waste Management and Nuclear
Fuel Cycle, v, 6 (1985), p, 54

Boom Clay
Belgium
Density (bulk) (kg/m(3))
ranges from: 2010
to: -
Source: Rad Waste Management and Nuclear
Fuel Cycle, v, 6 (1985}, p, 54

(2,010 g/em(3))

Boom Ciay
Be Iglum
Porosity (%)
ranges from: 38,5
to: -~
Source: Rad Waste Management and Nuclear
Fue! Cycle, v, 6 (1985), p. 54

Chagrin Shale
Ohio
Moisture content (natural) (%)
ranges from: 4
to: -~
Source: Y/OWl/TM36/6, p, 4-12

Chagrin Shatle
Ohio
Porosity (rock mass) (%)
ranges from: 8
to: -
Source: Y/OW|/TM36/6, p, 4-12

Chanute Shale
Kansas
Porosity (total) (unlts not stated)
ranges from: 0,073
to: 0,106
Source: ORNL~6241/V2 (in preparation)
pe 52

Chattanooga Shale
Kentucky
Porosity (total) (units not stated)
ranges from: 0,074
to: 0,076
Source: ORNL~6241/V2 (in preparation)
p. 52

Conasauga Shale
Tennessee
Porosity (%)
ranges from: Q0,5
to: 1,9
Source: ORNL-6241/V2 (in preparation)
p. 219
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Conasauga Shals
Tennessee

Mancos Fm
Porosity (total)

New Mexlico
(units not stated) Molsture content (rock) (%)
ranges from: 0,005 ranges from: 3
to: 0,019 to: 11
Source: ORNL-6241/V2 (in preparation) Source: Y/OW/TM36/6, p, 8-3
p. 52
Martinsburg Shals
Eleana Argillite Pennsylvania
Nevada Porosity (total) (units not stated)
Density (bulk) (g/em(3)) ranges from: 0,010
ranges from: 2,44 to: -~
to: 2,71 Source: QRNL-6241/V2 (in preparation)
Source: ORNL/Sub/84-64794/1 (1985), p. 52
p. 406
Muddy Shale
Eleana Argi!lite Colorado
Nevada Poroslity (%)
Moisture content (%) ranges from: 4,1
ranges from: 2 to: 5,1
to: 4 Source: Y/O®!/SUB~7009/1 (1976), p. 14
Source: ORNL/Sub/84-64794/1 (1985),
p. 406 New Albany Shale
Eleana Argltlite

Nevada

tilinols,
Porosity (%)

Indiana and Kentucky

Density (buik) (average) (g/cm(3))
ranges from: 2,36
ranges from: 8 to 16

to: 6 to 12

to: 2,53
Source: ORNL~-5703 (1983), p. 76
Source: ORNL/Sub/84-64794/1 (19895), Mew Albany Shale
p. 406 Illinols, Indiana, Kentucky
Porosity (%)
Graneiros, Greenhorn, Niobara and Plerre ranges from: 0,95
Shates to: 4,64
Black Hills Source: ORNL/Sub/84-64794/1 (1985),
Density (bulk) (presumed g/cm(3)) p. 85
ranges from: 1,559
to: 2,038 Mew Albany Shale
Source: Y/O4l/SUB-~7009/1 (1976}, p, 14 Il1inols, tndlana and Kentucky
Porosity (averags) (vol. %)
Green River Fm ranges from: 0,95
Denslty (bulk) (presumed g/cm(3)) to: 4,64
ranges from: 1,506 Source: ORNL-5703 (1983), p. 76
to: 2,37
Source: Y/OWI/SUB~7009/1 (1976), p. 13 New Albany Shale
tilinois, Indiana, Kentucky
Hami Iton Shale Porosity (total) (units not stated)
Missourt ranges from: 0,009
Porosity (total} (unlts not stated) to: 0,046
ranges from: 0,113 Sourca: ORNL-6241/¥2 (in preparation)
to: - p. 52
Source: ORNL-6241/¥2 (in preparation)
p. 52 Olentangy and Huron Shale
Ohlo
lreton Fm Poroslty (primary) (%)
Western Canada
Density (bulk) (presumed g/cm(3})
ranges from: 2,43

ranges from: >3 %
to:
to: 2,71

Source: ORNL/Sub/84-64794/1 (1985),
p. 108
Source: Y/Ow!/5UB-7009/1 (1976}, p. 17
Olentangy and Huron Shales

Lawis Shafe Ohlo

New Mexlico Density (bulk) (g/cm(3))
Molsture content (f) ranges from: 2,65

ranges from: 3.7 to: -

to: 6,2
Source: Y/OW!l/TM36/6, p. 8-5

Source: ORNL/Sub/84-64794/1 (1985),
p. 108
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Ophir Shale
Utah
Porosity (total) (units not stated)
ranges from: 0,009
to: -
Source: ORNL~6241/V2 (in preparation)
p. 52

Oxford Clay
England
Density (bulk) (kg/m(3))
ranges from: 2210
fo: -
Source: Rad Waste Management and Nuclear
Fuel Cycle, v, 6 (1985), p, 54

(2,210 g/em(3))

Oxford Clay
England
Porosity (%)
ranges from: 30
to: -
Source: Rad Waste Management and Nuclear
Fuel! Cycle, v, 6 (1985), p, 54

Panther Creek Clay
Density (g/cm(3))
ranges from: <1,7
to: ca, 2,14
Source: PNL-4452 UC-70 (1983), p, 24

Pierre Shale
Northern Great Plains
Density (dry) (Ib/cu ft)
ranges from: 95 (1,522 g/em(3))
) to: 110 (1,762 g/em(3))
Source: ORNL/Sub/84-64794/1 (1985),
p. 293

Pierre Shale
Western USA
Molsture content (%)
ranges from: 35
to: 15
Source: Y/OWl/TM36/6, p. 3-1

Plerre Shale
Molsture content (natural) (%)
ranges from: 18
to: -
Source: Y/OW! /TM36/6, p, 3-24

Plarra Shale
Northern Great Plains
Molisture content (natural) (%)
ranges from: 18
to: 38
Source: ORNL/Sub/84-64794/1 (1985},
p. 293

Plerre Shale
Porosity (%)
ranges from: 33
to: -
Source: Y/OW!/TM35/6, p., 3-24

Pierre, Bearpaw and Claggett Shales
Moisture content (naturai) (%)
ranges from: 38
to: 12
Source: Y/OW)/SUB-7009/1 (1976), p, 14

Parter's Creek Clay
Loulsiana
Density (kg/m(3)}

ranges from: 1,954 (1,954 g/cm(3))
to: -

Source: ORNL/Sub/84-64794/1 (1985),
p. 173






263

Antrim Shale
Mlchlgan
Permeabl |ty (md)
ranges from: 0,001 (1 x 10(-9) cm/s)
to: 2,0 (1,9 x 10(-6) cm/s)
Source: ORNL/5703 (1983), p. 109

Antrim Shale
Mlchlgan
Permeab! (Ity (md)
ranges from: 0,001 (1 x 10(-9) cm/s)
to: 2,0 (1.9 x 10(-6) cm/s)
Source: ORNL/Sub/84-64794/1 (1985),
p. 98

Arnhelm and Waynesv!lle Fms
Ohlo
Permeabl 1Tty (ft/yr) (hydraullc conductlivity)

ranges from: 10(-3) (9,7 x 10(-10)
cm/s)

to: 10(-4) (9,7 x 10(-11)
cm/s)

Source: Y/OW1/TM36/6 (1978), p. 5~14

Blue Clay
ltaly
Hydraullc conductlvity (m/s)
ranges from: 10(-11)
to:
Source: Rad Waste Management and Nuclear
Fuet Cycle v, 6 (1985), p. 54

(1 x 10(-9) cm/s)

Boom Clay
Belfglum
Hydraullc conductlivity (m/s)

ranges from: 10(-10) (1 x 10(-8) cm/s)
to: 10(-12) (1 x 10(~10)
cm/s)

Source: Rad Waste Management and Nuclear
Fuel Cycle v, 6 (1985), p, 54

Chagrin Shale
Ohlo
Permeablilty (horlzontal) (ft/yr) (hydraullc
conductivity)
ranges from: 0,1
to:
Source: Y/OW1/TM36/6 (1978), p, 4-12

(9.7 x 10¢(-8) cm/s)

Chagr!n Shate
Ohlo
Permeab! 1Tty (vertical) (ft/yr) (hydraullc
conductivity) :
ranges from: 0,05
to:
Source: Y/OW!/TM36/6 (1978), p, 4-12

(5 x 10(-8) cm/s)

Conasauga Shale
Tennesses
Hydraullc conductlvity (cm/s)
ranges from: 6 x 10{(-10)
to: 3 x 10(-11)
Source: ORNL~-6241/Y2 (In preparation)
p. 220

Conasauga Shale
Tennessee
Hydrau!lc conductivlty (hortzontal) (m/s)
ranges from: 3 x 10(~13) (3 x 10¢(~11)
cm/s)
2 x 10(-12)
cm/s)
Source: ORNL~6241/V2 (In preparatlon)

p. 42

to: (2 x 10(~-10)

Maguoketa Shale
11lTnotls Bas'tn
Hydraullc conductivity (cm/s5)
ranges from: 10(-9)
to:
Source: ORNL-6241/Y2 (In preparation)
p. 220

Maquoketa Shale
Ilitnols
Hydraullc conducttvlty (hortzontal) (m/s)

ranges from: 2 x 10(-11) (2 x 10(-9)
cm/s)
tos
Source: ORNL-6241/V2 (In preparatton)
p. 42
Muddy Shale
Permeabl i1ty {(md)
ranges from: 5 x 10(~2) (4,9 x 10(-7)
cm/s)
to:
Source: Y/OWI/SUB-7009/1 (1976), p. 11
Muddy Shale
Colorado

Permeab! {1ty (md)

ranges from: <0,05 (<4,9 x 10(~7)

cm/s)
to:
Source: Y/OW!/SUB~7009/1 (1978), p, 14
Oxford Clay
England

Hydraullc conductivity (m/s)
ranges from: 10(-12)
cm/s)

(1 x 10(~10)

to:
Source: Rad Waste Management and Nuclear
Fuel Cycis v, 6 (1985), p, 54

Panther Creek Clay
Hydraullc conductlivlty (cm/s)
ranges from: 7 x 10(~12)
to: 2 x 10(~12)
Source: PNL-4452 UC-70 (1983), p, 14

Plerre Shale
South Dakota
Hydraullc conductivlty (hortzontal) (m/s)

ranges from: 1 x 10(-12) (1 x 10({-10)
cm/s)
to: 1 x 10(-11) (1 x 10¢-9)
cm/s)

Source: ORNL~6241/V2 (In preparation)
p. 43
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Pierre Shale
Great Plains
Permeabli ity (cm/s) (hydraulic conductivity)
ranges from: 1 x 10(-6)
to: 1 x 10(-10)
Source: ORNL/Sub/84-64794/1 (1985),
p. 293

Pierre Shale
Permeabi 1ty (horizontal) (ft/yr) (hydraulic
conductivity)
ranges from: 0,01 (2.7 x 10(~9) cm/s)
to:
Source: Y/OW!l/TM36/6 (1978), p, 3-24

Pierre Shale
Permeabl 111y (ma)
ranges from: 1,1 x 10(-4) (1,1 x
10(-10) cm/s)
to:
Source: Y/OW /SUB-7009/1 (1976), p, 11

Pierre Shale
Permesabl ity (vertical) (f1/yr) (hydrautlic
conductivity)
ranges from: 0,005 (5 x 10(-2) cm/s)
To:
Source: Y/OWi/TM36/6 (1978), p, 3-24

Plerie, Bearpaw and Claggett Shales
Northern Great Plains
HMydraullc conductivity (cm/s)
ranges from: 10(-6)
to: 10(~10)
Source: ORNL-6241/V2 (in preparation)
p. 220

Porters Creek Clay
Louisiana
Hydraulic conductivity (cm/s)
ranges from: 10(-8) (est)
to:
Source: ORNL/Sub/84-64794/1 (1985},
p, 175
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Arnhelm and Waynesville Fms
Ohlo
Bulk modulus (psi}
ranges from: 6,3 x 10(5)
MPa)
to: -
Source: Y/OWi/TM36/6 (1978), p, 5~14

(4,3 x 10(3)

Arnhelm and Waynesville Fms
Ohio
Cohesion (psli)
ranges from: 5,900
to: -
Source: Y/OWl/TM36/6 (1978), p, 5-14

(4,1 x 10(1) MPa)

Arnhelm and Waynesville Fms
Ohio
Compressive strength (uniaxla!l) (psi)
ranges from: 1 x 10(4) (6,9 x 10(1)
MPa)
to: -
Source: Y/OW1/TM36/6 (1978), p, 5-14

Arnhelm and Waynesvllle Fms
Ohfo
Friction angle (deg)
ranges from: 23,4
to: -
Source: Y/OW1/TM36/6 (1978), p., 5-14

Arnheim and Waynesville Fms
Ohlo
Poisson's ratio
ranges from: 0,1
to: -
Source: Y/OW!/TM36/6 (1978), p.

Arnhelm and Waynesville Fms
Ohlo
Shear modulus (psi)
ranges from: 6,8 x 10(5)
MPa)
to: -
Source: Y/OWI/TM36/6 (1978), p.

(4,7 x 10(3)

5~14

Arnhelm and Waynesville Fms
Ohio
Tensile strength (psl)
ranges from: 200
to: -~
Source: Y/OWI/TM36/6 (1978), p. 5-14

(1,4 Wa)

Arnheim and Waynesvilie Fms
Ohilo
Young's modulfus (pst)
ranges from: 1,5 x 10(6)
MPa)
to: -
Source: Y/OWl/TM36/6 (1978), p.

(1 x 10(4)

5-14

Bearpaw Shale
Montana
Compressive strength (kg/cm(2))
ranges from: 122 (1,2 x 10(1) MPa)
to: 25 (2.5 Wa)
Source: Y/OW!/TM36/6 (1978), p, 6-13

Bearpaw Shale
Mon tana
Compressive strength (kg/cm(2))
ranges from: 25 (2.5 MWPa)
to: 55 (5.4 MPa)
Source: Y/OW!/TM36/6 (1978), p, 6~13

Bearpaw Shale
Montana
Plasticity (llquidity Index)
ranges from: -0,11
to: -
Source: Y/OWi/TM36/6 (1878), p, 6~1

Blus Ctlay
ttaly
Cohesion (MPa)
ranges from: 1 x 10(-1)
to: -~
Source: Rad Waste Management and Nuclear
Fue! Cycle v,6 (1985), p, 54

Biue Cilay
Italy
Friction angle (angle of shear reslstance)
(deg)
ranges from: 25
to: -
Source: Rad Waste Management and Nuclear
Fuel Cycle v,6 (1985), p, 54

Blue Clay
Htaly
Plasticlty (liquld limit) (£)
ranges from: 50
to: -
Source: Rad Waste Management and Nuclear
Fuel Cycle v,6 (1985), p, 54

Blue Clay
Italy
Plasticity (plastic limit) (%)
ranges from: 25
to: -
Source: Rad Waste Management and Nuclear
Fuel Cycle v,6 (1985), p, 54

Blus Clay
ttaly
Shear strength (undralned) (MPa)
ranges from: 1,5
tor ~
Source: Rad Waste Management and Nuclear
Fue! Cycle v,6 (1985), p. 54

Blue Clay
Italy
Young's modulus {elastic modulus) (MPa)
ranges from: 300
to: -
Source: Rad Waste Management and Nuclear
Fuel Cycle v.6 (1985), p, 54

Boom Clay
Belglum
Coheslon (MPa)
ranges from:
ftos
Source: Rad Waste Management and Nuclear
Fue! Cycle v,6 (1985), p, 54

1 x 10¢-1)
1
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Boom Clay
Betglum
Frictlon angle (angle of shear resistance)
(deg)
ranges from: 19
to: -
Source: Rad Waste Management and Nucisear
Fuel Cycle v,6 (1985), p, 54

Boom Clay
Balglium
Plasticity (llquld limit) (D)
ranges from: 77,5
to: -
Source: Rad Waste Management and Nuclear
Fuel Cycle v.6 (1985), p. 54

Boom Clay
Be Igium
Plasticlty (plastic limit) (%)
ranges from: 26,5
to: ~
Source: Rad Waste Management and Nuclear
Fuel Cycle v.6 (1985), p, 54

Boom Clay
Belgium
Shear strength (undrained) (MWa)
ranges from: 0,6
to: -
Source: Rad Waste Management and Nuclear
Fue! Cycle v,6 (1985), p, 54

Boom Clay
Belglum
Young's modulus (elastic modulus) (MPa)
ranges from: 170
to: -
Source: Rad Waste Management and Nuclear
Fuel Cycle v,6 (1985), p, 54

Chagrin Shale
Ohio

Bulk modulus (psi)
ranges from: 1,1 x 10(5)

M a)

to: -

Source: Y/OW!/TM36/6 (1978), p. 4-12

(7.6 x 10(2)

Chagrin Shale
Ohlo
Coheslion (psi)
ranges from: 14
to: -
Source: Y/OWl/TM36/6 (1978), p, 4~12

(1 x 10(~1) MPa)

Chagrin Shale
Ohlo

Ccompressive strength (untaxial) (MPa)
ranges from: 13,8

to: -
Source: ORNL/Sub/B4~64794/1 (1985),
p. 108

Chagrin Shale
Ohio
Compressive strength (unlaxial) (psi)
ranges from: 2 x 10(3) (1.4 x 10(D)
MPa)
to: -
Source: Y/0Wl/TM36/6 (1978), p, 4-12
ChagrIn Shale
Ohlo
Friction angle (deg)
ranges from: 22
To: -
Source: Y/CHl/TM36/6 (1978), p, 4~12
Chagrin Shale
Ohio
Poisson's ratio
ranges from: 0,25
to: -~
Source: Y/OWI/TM36/6 (1978), p,.

Chagrin Shale
Ohio
Shear modulus (psl)
ranges from: 6.8 x 10(4)
MPa)
to: -
Source: Y/O«!/TM36/6 (1978}, p.

(4.7 x 10(2)

4-12

Chagrin Shale
Ohio
Tenslle strength (MPa)
ranges from: 0,34
to: -
Source: ORNL/Sub/84-64794/)
p, 108

(1985),

Chagrin Shale
Ohlo
Tensite strength (psi)
ranges from: 50
to: -~
Source: Y/OW! /TM36/6 (1978}, p, 4~12

(3.4 x 10(-1) MPa)

Chagrin Shale
Ohlo
Young's modulus {(psi)
ranges from; 1,7 x 10(5)
M2a)
tor ~
Source: Y/C¥l /TM36/6 (1978), p. 4-12

(1,2 x 10(3)

Eieana Argiliite
Bulk modulus (confined) (GPa}

ranges from: 14,0 (1,4 x 10(4) WPa)
to: -
Source: froc NEA Workshop OECO (1979b3,
p. 87
Eleana Argiliite

Cohesion (unconfined) (MPa)
ranges from: 8 x 10(-1)
To: -
Scuirca: Proc MEA Workshop OECD (1979b),
p. 87
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Eisana Argillite
Compressive strength (unconfined) (MPa)
ranges from: 4,73

to: -~
Source: Proc NEA Workshop OECD (1979b),
p. 87
Eleana Argilllite

Friction angle (internal) (deg)
ranges from: 35
to: -~
Source: Proc NEA Workshop OECD (197%b),
p. 87

Eleana Arglitite
Polsson's ratio
ranges from: 0,30
to: -
Source: Proc NEA Workshop OECD (1979b),
p. 87

Eleana Arglilite
Tensile strength (MPa)
ranges from: 3,5
to: -
Source: Proc NEA wWorkshop OECD (1979b),
p, 81

Efeana Arglitiite
Yourig's modulus (GPa)
ranges from: 3,7 (3,7 x 10(3) WPa)
to: 16 (MPa)
Source: Proc NEA Workshop OECO (1979b),
p. 83

Eteana Arglliite
Young's modulus {(unconflined) (GPa)
ranges from: 3,74 (3,7 x 10(3) MPa)
to: -
Source: Proc NEA Workshop OECD (187%b),
p. 87

Hucknall Shale
Compressive strength (ps!)
ranges from: 8,5 x 10(3)
MPa)
to: ~
Source: Y/OW!/TM36/6 (1978), p., 6~3

(5.9 x 10(1)

Hucknall Shale
Young's modulus (elastic modulus) (ps! x
16(6))

ranges from:

1,48 (1 x 10(4) wPa)

to:
Source: Y/OMl/TM36/6 (1978), p, 6-3

Lewls Shale
New Mexico
Compressive strength (psi)

ranges from: 1,000 (6.9 Wa)

to: 6,000 (4.1 x 10(1) WPa)
Source: Y/OMI/TM36/6 (1978), p, 8-5
Mancos Fm
New Mexico

Compresslive strength (psl])
ranges from: 1,000 6,9 Wa)
to: 8,000 (5,5 x 10(1) WPa)
Source: Y/OW1/TM36/6 (1978), p. 8-2

Maquoketa Group
Indiana
Compressive strength (MPa)
ranges from: 11
to: 115
Source: ORNL/Sub/84-647394/1 (1985),
p. 60

Oxford Clay
England
Plasticity (liquld limit) (%)
ranges from: 55
to: -
Source: Rad Waste Management and Nuclear
Fue! Cycle v,6 (1985}, p, 54

Oxford Clay
England
Plasticlity (ptastic limit) (§)
ranges from: 26
fo: -
Source: Rad Waste Management and Nuclear
Fuetl Cycle v.6 (1985), p, 54

Oxford Clay
England
Shear strength (undralined) (MPa)
ranges from: 1,2
to: -~
Source: Rad Waste Management and Nuclear
Fue! Cycle v,6 (1985), p, 54

Pierre Shale
Bulk modulus (psi)
ranges from: 77,8 x 10(3)
MPa)
to: -
Source: Y/OWi/TM36/6 (1978), p, 3-24

(5.4 x 10(2)

Plerre Shale
Coheslon (psi)
ranges from: 206
to: -~
Source: Y/OM!/TM36/6 (1978), p, 3-24

(1.4 Wa)

Plerre Shale
Great Piains
Coheslon (psl)
ranges from: 2 (1.4 x 10(=-2) MPa)
to: 30 (2.1 x 10{~1) Wa)
Source: ORNL/Sub/84-64794/1 (1985),
pe 293

Plerre Shale
Great Pialns
Compressive strength (psl)
ranges from: 70 (4,8 x 10(-1) MPa)
tor 2,530 (1,7 x 10(1) MPa)
Source: ORNL/Sub/84-64794/1 (1989),
pe 293

Plerre Shale
Compressive strength (uniaxlial) (psi)
ranges from: 2,1 x 10(3) (1,4 x 10(1)
MPa)
to: -
Source: Y/OW1/TM36/6 (1978), p, 3-24
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Pisrre Shale
Friction angle (deg)
ranges from: 5.3
to: -
Source: Y/OWi /TM36/56 (1978), p, 3-24

Pierre Shale
Great Plains
Friction angle (internal) (deg)
ranges from: 8
to: 25
Source: ORNL/Sub/84-64794/1
p. 293

(1985),

Plerre Shale
Great Plalns
Plasticity (liquld limit) (%)
ranges from: 36
to: 113
Source: ORML/Sub/84~64794/1
p. 291

(1985),

Plerre Shale
Great Pilains
Plasticity (liquld limlt) (%)
ranges from: 55
to: 202
Source: ORNL/Sub/84-64794/1 (1985),
p. 293

Pierre Shale
Great Plains
Piasticlty (plastic limit) (%)
ranges from: 20
to: 62
Source: ORNL/Sub/84-647%4/1
p. 291

(1985,

Plerre Shale
Great Piains
Plasticity (plastic limit) (H)
ranges from: 22
To: 39
Source: ORNL/Sub/84-64794/1
p. 293

(1985},

Pierre Shals
Great Plains
Plasticity (plasticity index) (%)
ranges from: 30
to: 110
Source: ORNL/Sub/84-64794/1
p, 293

(1985),

Plerre Shale
Polsson's ratlo
ranges from: 0,2
to: -
Source: Y/OW1/TM36/6 (1978), p. 3-24

Plerra Shale
Shear modutus (psi)
rangas from: 58,3 x 10(3)
MPa)
L HE
Source: Y/OW!/TM36/6 (1978), p, 3~24

(4 x 10(2)

Plerre Shale
Great Plains
Swelling (potential) (%)
ranges from: 3
to: 5
Source: ORNL/Sub/84-64794/1 (1985),
p. 293

Plerre Shatle
Tenslle strength (psi)
ranges from: 50
to: ~
Source: Y/OW!/TM36/6 (1978), p., 3-24

(3.4 x 10(~1) MPa)

Plerre Shale
Great Plalins
Young's modulus (e lastic modulus) (psi x
10(6))
ranges from: 0,02 (1.4 x 10(2) MPa:?
to: 0,014 (9,6 x 10(1) MPa)
Source: ORNL/Sub/B4~£4794/1 (1985),
p. 293

Plerre Shale
Young's modulus (psi)
ranges from: 1,4 x 10(5)
Mra)
to: -
Source: Y/OW! /TM36/6 (1978), p, 3-24

(9.7 x 10(2)

Pierre Shale (squlvalent)
Canada
Swelllng (potential) (%)
ranges from: 2
to; 20
Source: ORNL/Sub/84-64794/1
pe 293

(1985),

Porters Creek Ciay
Louislana
Plasticity (plasticity index) (%)
ranges from: 40
to: -
Source: ORNL/Sub/84-64794/1 (1985),
p. 173

Porters Creek Clay
Leuisiana
Streagth (MPa)
ranges from: 0,19
to: -
Source: CORNL/S5ub/84-64794/1 (1985),
p. 173
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Blue Clay

Italy
Specl fic heat (J/Kg-) (specific heat
capacl ty)

ranges from: 9,21 x 10(2)

to: -
Source: Rad Waste Management and Nuclear
Fuel Cycle v, 6 (1985), p, 54

Biue Clay
Italy
Thermal conductivity (W/m~K)
ranges from: 1,5
to: -
Source: Rad Waste Management and Nuclear
Fuel Cycle v, 6 (1985), p, 54

Blue Clay
italy
Thermal diffusivity (m(2)/s)
ranges from: 7,8 x 10(-7)
to: -~
Source: Rad Waste Management and Nuclear
Fue! Cycle v, 6 (1985), p, 54

Boom Clay

Betglium
Specitlic heat (J/Kg—K) (speclific heat
capacity)

ranges from: 9.21 x 10(2)

to: -
Source: Rad Waste Management and Nuclear
Fuel Cycle v. 6 (1985), p, 54

Boom Clay
Belgium
Therma! conductivity (matrix) (W/m-deg C)
(W/m-K)
ranges from: ca, 0,3
to: -
Source: Proc NEA Workshop OECD (1979b),
p. 87

Boom Clay
Belgium
Thermal conductivity (W/m-K)
ranges from: 1,5
to: -
Source: Rad Waste Management and Nuclear
Fuel Cycle v, 6 (1985), p, 54

Boom Clay
Belgium
Therma! diffusivity (m(2)/s)
ranges from: 8,1 x 10(-7)
to: ~
Source: Rad Waste Management and Nuclear
Fuet Cycte v, 6 (1985), p, 54

Conasauga Shale
Therma! conductivity (matrix) (W/m-deg C)
(W/m—=K)
ranges from: 0,7 to 2,1
to: -
Source: Proc NEA Workshop OECD (1979b),
p. 87

Conasauga Shale
Therma! conductivity (W/m-K)
ranges from: 0,715
to: 2,20
Source: ORNL-6241/V3 (in preparation)
p. 340

E {eana
Thermal conductivity (matrix) (W/m-deg C)
(W/m=)
ranges from: ca,
to: -~
Source: Proc NEA Workshop OECD (1979b),
pe 87

1,80

Eleana
Thermal conductivity (matrix) (W/m-deg C)
(W/m-K3
ranges from: ca, 1,48
to: -
Source: Proc NEA Workshop OECD (1979b),
p. 87

Eleana Arglliite
Coefflclent of linear expansion (deg C{(-1))
(K(-1))
ranges from: 8 x 10(-6)
to: 15 x 10(-6)
Source: Proc NEA Workshop OECD (1979b),
ps 77

Elsana Arglllite
Nevada
Therma! conductivity (W/m-K)
ranges from: 1,28
to: 2.7
Source: ORNL-6241/V3 (in preparation)
p. 341, 342

Karoo Shate
Orange Free State
Therma! conductivity W/mK)
ranges from: 1,97
to: 2,89
Source: ORNL-6241/V3 (in preparation)
p. 341

Nonesuch Shale
Michigan
Thermal conductivity (W/m-K)
ranges from: 2,64
to: -
Source: ORNL-6241/¥3 (in preparation)
p. 341

Oxford Clay
England
Thermal conductivity W/m=K)
ranges from: 1,56
to: -
Source: Rad Waste Management and Nuclsar
Fuel Cycle v, 6 (1985), p, 54

Plerre Shale
Thermal conductivity (W/m-K)
ranges from: 1,42
to: 1,94
Source: ORNL-6241/V3 (in preparation)
p., 341
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